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STUDIES OF WESTERN BIRDS No. I 

BURROWING OWL (Athene cu1iicul.aria) 

JENNIFER A. GERVAIS, DANIEL K RosENBERG, AND LYANN A. CoMRACK 

w;.~ Criteria Score6 
Population Trend 10 

--)~ 

Range Trend 5 

Population Size 5 

Range Size 5 
Endemism 0 

/ A ~ Population Concentration 0 

~ {,, - Threats 15 

t<tfometer$ 
100 so O 100 

Currenr and him,ric (ca. 1944) br~ing range of !he B\lrrowing Owl in California. N11mbm have- declined at 
least moderately overall, though they are greatly augmented in 1he Imperial Valley, and rhe range has reuacred in 
nnrrheasre1n California and al<>ng ,he c~sr. During migr.'lrion and winrer, m<>re wide$pread in lowland 11rcas of 
lhe sra1e .1nd reaches more offshore islands. 

218 Studies of Western Birds 1:218-226, 2008 Sptdt$ Acrormt1 



CAUFORNIA BIRD SPECIES o~ SPECIAL CoNCUI.N 

SPECIAL CONCERN PRlORITY 

Currently considered a Bird Species of Special 
Concern (breeding), priority 2. lnduded on both 
prior special concern lists (Remsen 1978. 2nd 
priority; CDFG 1992). 

GENERAL RANGE AND ABUNDANCE 

Broadly dimibured in wes1ern Nonh America; 
also occurs in Florida, Central a.nd South America, 
Hispaniola. Cuba, the northern Lesser Antilles, and 
che Bahamas (Haug et al. l993). Two recognized 
subspcde.~ in North America: A. c. hypugaea in che 
Wcsc, A. c. j/()ridana in Florida and the Bahamas 
(Haug et al. 1993. Desmond et al. 2001). Owls in 
Florida and the southern portion of che wcscern 
range generally are year-round rcsidems (Haug cc 
al. 1993), but elsewhere in North America they 
appear to migrate south in a leap-frog fashion 
(James 1992). Scam data on migration suggesc 
that most Burrowing Owls chat breed in Non:h 
America winter in Mexico (G. Holroyd pers. 
comm.}. Arizona. New Mexico, Texas, Louisiana. 
and California, which is considered one of the 
mosc important win~ring gmunds for migrants 
Qames and Rchier 1989). A lack of genetic dif
ferentiation among migratory and resident owl 
populations in western Nonh America suggests 
that these populations interbreed (Korfanta er al. 
2005). These n:suhs arc supported hy recent stable 
isotope analyses (Duxbury 2004). 

SEASONAL STATUS JN CALIFORNIA 

Year-round residem throughout much of che sca1e. 
Seasonal status varies regionally, wich hirds rem,at
ing from higher elevations such as the Modoc 
Placeau in winter (Grinnell and Miller 1944). 
Observations of color-banded and/or radio
tagged owls demonstra1e year-round residency 
in the Central Valley. San Francisco Bay region, 
Carrizo Plain, and Imperial Valley (Brenckle 
1936, Coulombe 1971. Thomsen 1971. Catlin 
2004, Johnson 1997b, L. Tmlio et al. and D. K. 
Rosenberg ec al. unpubl. da1a). Migranu from 
other parts of western Norrh America may aug
menc resident lowland populations in winier. The 
bre<:ding se-.ison in California is March m August, 

but can begin as early as February and extend 
into D~cemher (Ro.~enberg and Haley 2004, J. A. 
Gc:rvais unpubl. data). 

HISTORIC RANGE AND ABUNDANCE 
IN CALIFORNIA 

Grinnell and Miller (1944) described the historic 
range of 1his owl as throughout most of California 
and most of its islands. except the coastal coun· 
tk~ north of Marin and mountaino11s areas. 
Noting that the species was originally <0mmo11 
or even "abundant" in the state, they re}>Ort~d 
"large" numbers of owls scill occurrtd in "favor
able localicies" bUI chat owls were in dedine in 
areas of human settlement. Grinnell and Wythe 
(1927) reported that Burrowing Owls were "fairly 
common in the drier, unsettled, interior parts of 
[the San Francisco Bay) region; most numerous 
in parts of Alameda, Contra Costa. and Santa 
Clara coun1ics. Outside of this area has been 
observed sparingly'' in Sonoma, Napa, Solano, 
and Marin counties (Grinnell and 'Wyrhe 1927). 
Willet ( 1933), also lacking quamiracive infor
mation, described 1hc species on th<: south~rn 
coast as a "common resident from coa~t rn ba.~e 
of mouncains." In San Diego County, at least, 
historic.i.l dcscripcinns sugge.n char the popula
tions m~y have been quite exrensive (Unin 2004). 
The increa&e in abundance of owls in some 
agriculcur~I environmems, such as che Imperial 
Valley, from presenlc:ment times likely began 
prior to the late 1920s, when desert country was 
converted co irrigated agriculture (DeSanrc et al. 
2004, Molina and Shuford 2004). The draining 
of wetlands associated with European senlemem 
in che Cencral Valley may also have increased owl 
distribution and abundance. 

RECENT RANGE AND .ABUNDANCE 
IN CALIFORNIA 

The Burrowing Owl's overall breeding range in 
California has changed only rnode.sdy since 1945 
(see map), but the local distribution of owls across 
che state has changed considerably. There are three 
primary panerns in the current distribution. Fim, 
declines and local extirpations h:i.ve been mainly 

BREEDING BIRD SURVEY STATISTlCS FOR CALIFORNIA 

All da1a fcom 
1968-2004 1968-1979 1980- 2004 Sauu !I al. (2005) 

Trend p II (9S%CI} R.A. Trend [> ti T,end p ,1 Credibility 

5.6 0,02 32 I.I, 10.1 1.76 -0.9 0.92 19 7.1 0.11 25 High 
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along the central and southern coast (DeSance 
et al. 1997a, b; 2007), regions that are undergo
ing rapid urhanization. Second, siz.ahle co very 
large breeding populations remain in agricultural 
areas in the Central and [mperial valleys. where 
Burrowing Owls have adapted to highly modified 
habitats (Coulombe 1971, Rosenberg and Haley 
2004). Third, it appears that the vast majority of 
owls occur on private lands (DcSante ct al. 1997a, 
2004), largely becawe of the high densities in 
agricultural areas. These patterns will present dis
tinct challenges and unique opportunities in the 
conservation of this species. 

Numbers of Burrowing Owls 011 Breeding 
Bird Survey (BBS) routes in California increased 
signiflcandy from 1968 to 2004 (Sauer et al. 
2005). Conversely. Christmas Bird Count data, 
1959-1988, show declines in midwinter numbers 
of Burrowing Owls in California (Sauer ec al. 
1996). Other recent evaluations conclude that 
declines have occurred in the Central Valley, San 
Francisco Bay region, and southern coast (DeSante 
et al. 1997a, 2007; Trulio 1997; Comrack and 
Mayer 2003). However, preliminary BBS analyses 
of regional patterns within California detected 
declines in some regions of California, but increas
e~ in the Imperial V31ley (DeSante et al. 2007, C. 
Conway pcrs. comm.). Undemanding the derails 
of spatial patterns of changes in BBS data. and 
their limhations due 10 insufHciem dara. would 
help resolve the apparent inconsistencies. 

Concern over declines 011 the coast and in 
urbanized area., of the C'.encral Valley led to S\lf• 

veys of selected 5 x. 5 km survey blocks within core 
areas of the sr,ue in 1992 and 1993 (OeSanre er 
al. 1997a, b; 2007). Surveys failed to locate breed
ing owls in the coastal counties of Napa, Marin, 
San Francisco, Sant:1 Cruz, and Ventura, and very 
fow wac located in Sonoma, San Mateo. Santa 
Barbara, and Orange counties. These surveys in 
selected blocks were not intended as a census of all 
owls. Many of these areas may never have support
ed sizable breeding populations (e.g., Grinnell and 
W)'the 1927), alchough data are generally lacking. 
There aim appeared en be suhst.antial reduccions 
in numbers of breeding ov.~s in other counties 
around San Francisco. San Pablo, and Suisun bays 
(DeSante et al. 1997a, 1997b, 2007; Kime et al. 
2003). The south San Francisco Ba)' population, 
estimated at I 03 breeding pair-s, was considered to 
be declining sharply (DeSante er al. 1997a, 2007; 
Trulio 1997). Finally, the survey concluded that 
Burrowing Owls were in decline !hroughout the 
Central Valley, but this conclusion was based on 
mosdy anecdotal data and not the actual survey 

220 

(DeSante et al. 1997a). Several large populations 
(e.g., Naval Air Station temoore and C...arrizo 
Plain National Monumem) were ~everely under
estimated or missed altogether, and previously 
underecred populations were also found (DeSame 
et al. 2007, D. K. Rosenberg et al. unpubl. data). 
largely due to the ~urvey methods that often 
had low, but unestimated, detection probabiliries 
(DeSante el al. 2004). In comrast, Burrowing 
Owls remain abundant in the Imperial Valley, 
where currcnc densities in that :igricuhural system 
apparently far exceed those found in the native 
desen prior to agricultural conversion (DcSante et 
al. 2004, Rosenberg and Haley 2004). 

Additional informacion from anecdo(al sight
ings or muhispccics surveys offer further insight 
into status and decline,; in other regions of the 
state as outlined below. 

Northeasrem Califarrda. Although it.< status in 
this region is poorly known, rhe species appears to 
be scarce and may have been so histori~lly. To the 
west. a few owh are currenrly known from Shasta 
Valky, Siskiyou Councy. but they may have be-en 
extirpated as breeders from ,he Klamath Basin 
since the early 1990s (Summers 1993, Cull and 
Hall 2007. R. Ekstrom and K. Spencer fide W. 
D. Shuford). Burrowing Owls currently nest in 
small numbers in 1he Honey Lake basin of La$Sen 
County and in the Plumas County por<ion of 
Sierra Valley, and they have been reported from 
most ocher large valleys in the region, indud
ing Big V.illey, La&$en and Modoc counties, and 
ar Modoc NWR and Surprise Valley in Modoc 
County (Cull and Hall 2007, F. Hall in litt.). 

Cmtml ,md S(}uthem rt>tt,t. The Burrowing 
Owl has declined in Momc:rey County. with small 
populations remaining near Salinas and King City 
(Robers,:>n 2002). It has been nearly extirpated as 
a breeding species from coastal San Luis Obispo, 
Santa Barbara, Vemura, Los Angeles, and Orange 
counties (Comrack and May1:r 2003); historic 
population si1.cs arc not known. The San Diego 
region has apparently seen $teady declines of owls, 
down from possibly si7.able populations less than a 
century .\go (Willett 19.33, Unitt 2004). Elsewhere 
on the coastal slope, small numbers persist at scat
tered sires, many nf which arc threatened hy fur
ther development. The largest numbers remaining 
in this region appear Ill he the minimum of 350 
pairs known to be breeding in Riverside and San 
Bernardino counties, collectively (G. Short pers. 
comm.), foUowed by a lesser number in San Diego 
County (Unitt 2004). Sites occupied include the 
vicinity of San Bernardino, Chino, and Ontario, 
San Bernardino Counry; near Perris. Lakeview 
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(San Jacinto WA}, Winchester, French Valley, 
Temecula, and the Pedunga Indian Reservation, 
River.~ide County; and two military bases in 
San Diego, Ocay Mes.1, and Warner Valley, San 
Diego County (Unitt 2004, Calif Nat. Diversity 
Database unpubl. data). Both the historic and 
recent status are unclear on the Channel Islands, 
but breeding has been documented in recent years 
only on Santa Barbara and Sama Catalina islands 
(Collins and Jones in press). 

Semhern de,em. Bmrowing Owu occur acros& 
mos{ of che Mojave and Colorado deserts of 
Inyo, easrern Kern. northern Los Angeles, San 
Bernardino, C3$tem Riverside, eas1ern San Diego, 
and Imperial oounties (Miller 2003, references 
therein). Garreu and Dunn (1981 l described 
the species as "quite scarce" from Inyo County 
south through the eastern Mojave Desert. Overall, 
regional numbers are low and occupied areas are 
widely scattcrrd, which is likely typical for chis 
species in deS¢rt systems. 

By contrast, numbers have increased greatly 
wirh rhe expansion of agriculture, particularly 
in the Imperial Valley and apparently along the 
lower Colorado River. where the species was not 
reported prior co tht advent of large-scale agricul
ture early in the 20th century (Rosenberg et al. 
1991). An estimate<! 5600 pairs (95% confidence 
interval: 3405-7795) nested in the Imperial Valley 
during 1992 and 1993 (DeSame er al. 2001). 
and approximately 250 pairs nested in the )>aJo 
Verde Valley near the Colorado River in Riversid~ 
County during 2001-2002 Q. Kidd in lin.). 

ECOWGICAL REQUIREMENTS 

The Burrowing Owl is primarily a grassland spc
cits, hut it persists and even rhrives in some land
scapes highly alcereo by human activicy (Thom.sen 
197 l. Haug et al. I 993, Millsar 2002, Gervais et 
al. 2003, Rosenberg and Haley 2004). The over
riding characteristics of suitable habitat appear to 
be burrows for roosting and nesting and relatively 
short vegetation whh only sparse shrubs and caller 
vegetation (Green and Anthony 1989, Haug et 
al. I 993). Owls in agricultural environments nest 
along roadsides and water conveyance structures 
(open canals, ditches, drains) surrounded by crops 
(DeSante et al. 2004, Rosenberg and Haley 2004). 
Burrowing Owls often nest nc-ar and under run
ways and associated muctures (Thomsen 1971. 
Gervais et al. 2003). In urban are~s such as much 
of Santa Clara Co\lnty, Burrowing Owls persist in 
low numbers in highly developed parcels, such as 
Moffett Federal Airfo:ld. in busy urban parks, and 

Bu,ro1ving Owl 

adjacent to roads with heavy traffic {Trulio 1997, 
D. K. Rosenberg pers. obs.). 

Nc:sc and roost bumrws of the Burrowing Owl 
in California are most commonly dug b)• ground 
squirrels (e.g .. Spmnophilur brecheyi; Trulio 1997. 
D. K. Rosenberg et al. unpubl. data}, but they 
may use Badger (Tnxide,1 l11Xm), Coyote (C,mis 
l.amms), and fox (e.g., San Joaquin Kit Fox, Vu~es 
macrorii mutica) dens or holes (Ronan 2002). 
Bec;iusc the owls may excavate their own bur• 
rows in the soft earchen banks of rhe ditches and 
canals in the Imperial Valley (D. K. Rosenberg et 
al. \inpubl. data), :ivailability of burrows may not 
limit population size in that region. Owls in the 
Imperial Valley also use the small holes of RounJ
cailed Ground Squirrels (Cirellus temkaudus) 
and Betta's Pockc:1 Gophers ( Thomemys boune) as 
"starts" (Coulombe 1971, Rosenberg and Haley 
2004). Structures such as culvem, piles of con• 
crete ruhhle, and pip~s also :..re used as nest sites 
(Rosenberg et al. 1998). Nm boxes arc often used 
by owls, and {heir installation may be an impor
tant managcmen{ cool in California (e.g., Trulio 
1995, Rosenberg Cl al. 1998). 

The Jict of Burrowing Owls in California 
includes a broad array of arthropods (cemiptdcs, 
spiders, beetles, crickets, and grasshoppers), small 
rodents, birds, amphibi~ns. rertilcs, and c~rrion, 
similar to their diet rangewide (Thompson and 
Anderson 1988. Green et al. 1993. Plumpton and 
Lua 1993, Gervais er al. 2000, York et al. 2002). 
Although insects dominate the diet numerically, 
vertebrates account fur the majority ofhioma.~s in 
some regions (Green et al. 1993). In California, 
there is evidence that rodent populatinns, particu
larly those of California Voles (Microrus calijomi• 
cw), may greatly influence survival and reproduc
tive suo::es.s (Gervais and Anthony 2003, Gervais 
ct al. 2006}. Food limits the number of fledged 
young in some years and at some sites (Haley 
2002). This is not surprising given rhe large dutch 
size (up to 14 eggs; Haug et al. 1993, Todd and 
Skilnick 2002). 

During the breeding season, owls forage close 
to their burrows but have heen recorded hunting 
up to 2.7 km away (Haug and Oliphant 1990, 
Gerv-ais et al. 2003). Over 80% of foraging 
observations in agricultural areas of the southern 
San Joaquin and Imperial valleys occurred within 
600 m of the ncsr burrow (Gervais et al. 2003, 
Rosenberg and Haley 2004). Home-range size is 
likely related to food abundance (Newton 1979). 
but this relationship is unclear for Burrowing 
Owls. Owls in Saskatchewan appeared to avoid 
cropland in a mixed landscape in two instances. 
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and one owl avoided fullow land in the same study 
(Si~mns et al. 2001); in the same region, owls 
avoided cropland in favor of grass-forb habim 
(Haug and Oliphant 1990; but m: Gervais et al. 
2003 for mechodological issues}. foraging owls 
in agricultural areas of California exhibited little 
ur no selection for cover types; instead, forag
ing locations were best predicted by dismnce to 
nest (Gervais et al. 2003, Rosenberg and Haley 
2004). 

The Burrowiug Owl is often considered a 
sedentary Spfcies (e.g., Thomsen I 97 l ). A large 
proportion of adults show suong fidelity to 
rheir nest site from year ro year. especially where 
resident, as in Florida (74% for females, 83% for 
males; Millsap and Bear l 997}. In Califomia, 
nesMite fiddity rates were 32%-50% in a large 
grassland and 57% in an agricultural environment 
(Ronan 2002, Catlin 2004, Cadin et al. 2005). 
Differences in these rates among sires may reflecr 
differences in ncsr predation rates (Catlin 2004, 
Catlin et al. 2005). Despite the high nest fideliry 
rates, dispccsal distances may be considerable for 
boch juvenile~ (natal dispersal) and adults (post
breeding dispersal), bur this also varied with loca
tion (Catlin 2004, Rosier et al. 2006). Distances 
of 53 km to roughly 150 km h.\ve been observed 
in California for adult and nacal dispersal, respec
tively (D. K. Rosenberg and J. A. Gervais unpubl. 
data), despite tht difficulty in detecting move
ments beyond the immediate study area (Koenig 
et al. 1996). 

These large dispersal patterns likely were 
responsible for the lack of genetic differences 
among the three California populations that 
were analyzed for generic mucture (Korfanta et 
al. 2005). Although even Burrowing Owls from 
resident populations imy disperse widely, inbreed
ing does occur Oohnson 1997a, Millsap and Bear 
I 997. D. K. Rosenberg et al. unpubl. data). 

THREATS 

Habitat loss and degradation from rapid urbaniza
tion of farmland in the core areas of che Central 
and Imperial valleys is the greatest threat to 

Burrowing Owls in California. Ongoing urban• 
ization in coastal regions, changes in agricultural 
practic~s, and continuing eradication of ground 
squirrels are also serious threat5. 

The importance of habitat loss is emphasized 
by rhe fact that most owl populations suffering 
either extirp,uion or drastic reduction have been 
in coastal counties that experienced tremendous 
urbani1.ation in recent decades. The human popu-
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lation of the Central Valley alone is projected to 
reach well over IO mill ion by 2040; this valley 
is considered among che most rhreatened of all 
U.S. farmland regions (American Farmland Trust, 
www.farmland.org/programs/scaces/ca/defaulc. 
asp). Loss of agricultural and other open lands 
will negatively affect owls. Because of their need 
for open habi<at with low vegetation, Burrowing 
Owls also are unlikely to persist in agricultural 
lands dominated by vineyards and orchards. They 
nest in some of California's urban environments, 
bur in Florida, areas with higher densities of devel
opment supported fewer owls and were correlated. 
wich lower mes of nest success (Millsap and Bear 
2000). However, urban development at moder
ate levels appeared to benefit owls by increasing 
prey availability (arthropods and I i1,ards) near 
homes and reducing mortality from natural causes 
(Millsap and Rear 2000, Millsap 2002). This pat
tern may hold for California, buc presemly chis is 
not known. 

In addition m Im~ of ne.~cing hurrows from 
exteimination of ground squirrds, dcvdoped 
environmenrs pose a substantial risk to Burrowing 
Owls from monaliry cawed by uaffic {Klute et 
al. 2003, D. K. Rosenberg et al. unpubl. data). 
Owls nesting along roadsides or parking lots are 
at grcal<:S< risk. although owls foraged along roads 
over I km from the nest hurrow (Gervais et al. 
2003). Wind turbines are a potential population
level threat to Burrowing Owls at Altamont rass 
(Thelander et al. 2003). bm sites appropriate for 
wind development will not be located in che low
land hahitats where most Burrowing Owls m:cur. 
Migrating owls may be at risk, but this muse be 
evaluated on a ca:ie·by-case basis, as many factors 
influence risk (e.g., Orewitt and l.ang.ston 2006). 
Burrowing Owl migration routes and patterns 
arc still poorly understood. High-voltage electri• 
cal fences around prisons have caused mortality 
locally in the Imperial V:1.llcy (D. K. Rosenberg et 
al. unpubl. dara). but the implications for popula
ciom are unknown. 

Pesciddes may affcc1 Burrowing Owl popula
tions in croplands and rangelands Uamts and fox 
1987, James et al. 1990). In the southern San 
Joaquin Valley, however, there was no indication 
that foraging owl& either selected or avoided fields 
recenrly treated for pesticides. although owls did 
use crops excensi\·ely for foraging (Gervais ei: al. 
2003). Although some individuals may be affected 
by persistent pesticides (Gervais et al. 2000, 
Gervais and Cadin 2004), the owls' high densities 
and strong demographic rates provide evidence 
chat pesticide impacts overall are not sufficient 
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co offset the benefits of nming in agricultural 
rq;ions (Gervai~ and Anthony 2003, Rosenberg 
and Haley 2004, D. K. Ros.enberg et al. unpubl. 
data). Pesticide impacts may be mediated by 
environmental conditions, however. Gervais and 
Anthony (2003) found chat body burdens of 
DDE were associ:.ued with dedinte$ in proouctiv• 
icy only during a year of prey scarcity. Although 
the proportion of che population affected was 
small, changes in prey abundance in the future or 
other messes could modify the impact of DDE 
(Cervais ct al. 2006). 

Farming pracck·es are likely a greater threat co 
Burrowing Owls in agricultural environments. 
Discing to control weeds in fallow fields may 
destroy burrows (Rosenberg and Haley 2004). 
Road and ditch maintenance in agricultural areas 
poses a chrt"at co both owls and their nests, but 
these impacts cm be minimi7.ed rhrough man• 
agement actions (Catlin and Rosenberg 2006). 
Burrowing Owls in the Imperial Valley may he 
affected by proposed plans ro line ditches and fal
low flclds to in.-:reasc water supplies to urban areas, 
and by efforts to alleviate increasing salinicy in the 
Salwn Sea (Molina and Shuford 2004). 

Emerging diseases such as West Nile virus may 
be signifkant threats to Burrowing Owl popula
tions, bm few data currendy exist. Given chat 
West Nile virus is known to be particularly viru
lent in rapcors, conctrn seems warram«t as \Vest 
Nile virus expands in C.alifom ia. 

MANAGEMENT AND REsEARCH 
RECOMMENDATIONS 

• Develop a conservation strategy with spe
cific population goals, desired densities, and 
distribution that can be modilled as mor~ 
information is gained. Use risk-assessmenr 
modeling to idencify populations critical for 
regional persistence. 

• Place sizable tracts of grassland under con
servation easements or agrci:m~nts with 
agricultural (grazing) operations fO main
tain populations through best management 
practices, such as the elimination or restric
tion of small mammal poisoning. 

• Also seek conservation agreements with 
landowners of row-crop agriculture co 
encourage appropriate management of 
water conveyance structures, roadsides, 
and field margins. h will be necessary to 
work closely with landowners to alleviate 
concerns that maintaining owls on their 
propmy is :1 liahili<y in terms of flexibility 

lJum,wi11g Owl 

in land management practices necessary to 
maintain economic viability. 

• Maintain suicable vegetation structure 
through mowing, revegecation with low
growing and less dense native plants, or 
controlled grazing. as appropriate. 

• Where nesting burrows are lacking, enhanC(' 
habitat by using artificial burrows or cncour• 
aging the presence of ground squirrels. 

• Control off-road vehicles and unleashed pets 
within occupied Burrowing Owl habirat. 

• Develop prescriptions that mimic natu• 
ral processes and chat preferably do not 
require ongoing management for mainrain
ing Burrowing Owls, 

• Develop guideline.~ for maintammg 
Burrowing Owls and their burrows during 
managemelll of agricultural water convi,y
ance structures. 

• Assess various mategies fur maintaining owl 
populations in urhanizing areas. 

• Determine ,.wl distribution and abundance 
in publicly owned grasslands and ocher sites 
of known or likely occurrence chat have not 
yet been well characterized. 

• Assess the risk Burrowing Owls pOSt: 10 air
craft operations safety. and devel,:>p manage
mem guidelines for owls at airports where 
1hey occur. 

• Conduct research examining the faccors that 
amact owls. and maintain chem in loca1ions 
from which populations wert previously 
extirpaced. In particular, rigorously evaluate 
transloaition to derermine when, if ever, it 
is an effective management tool. 

• Dctcrrnine patterns of long-distance disper• 
sal. 

• Identify the magnicu.de and source of win• 
tering populations. 

MONITORING NEEDS 

Monitoring of changes in the abundance or 
demographic races of Burrowing Owls should 
be linked with efforts both to identify the causes 
of any declines and ro assess che ~ponse of 
the population to management actions (Noon 
2003). Management strategies, and rhus monitor
ing effom, should be region-specific co account 
for the varied threats each region fac~s. Areas of 
the state with declining populations for which 
potencial causes have been identified (such as 
urbanization) should have priority in the design 
and implemcnmion of conservation strategies, 
whose effectiveness should be evaluated with 
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subseq11em monitoring. Monitoring itself can be 
effective only when population goals have been 
identified and the monitoring stra1egy evaluated 
10 ensure that it i$ sufficiently sensitive to detect 
population changes wnsidered nokworthy for 
managemenr. 

Effective methods for estimating actual or 
relative abundance of this species are dearly 
habitat specific. For example, call surveys have 
been effective iu extensive grasslands (Haug and 
Didiuk 1993, Ronan 2002, Conway and Simon 
2003), whereas counts of owls along edges of form 
fields from vehicles are very effective in intensive 
agriculcural areas (Rosenberg and Haley 2004). 
Methods 1hat we counts need rn account for the 
variable probability of detmion among habims 
if pattern~ of distribution and change are to be 
inferred from surveys. Data from large-scale sur
veys such as the BBS should be critically evaluated 
to identify regional paltems within California 
and to ass~ rhe effectiveness of this monitoring 
approach given the often small numbers of owls 
detected and rhe inconsistent observer efforr. 
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1. INTRODUCTION AND PURPOSE 

The conservation of special status native plants and their habitats, as well as sensitive 
natural communities, is integral to maintaining biological diversity. The purpose of these 
protocols is to facilitate a consistent and systematic approach to botanical field surveys 
and assessments of special status plants and sensitive natural communities so that 
reliable information is produced and the potential for locating special status plants and 
sensitive natural communities is maximized. These protocols may also help those who 
prepare and review environmental documents detennine when botanical field surveys 
are needed, how botanical field surveys may be conducted, what information to include 
in a botanical survey report, and what qualifications to consider for botanical field 
surveyors. These protocols are meant to help people meet California Environmental 
Quality Act (CEQA)1 requirements for adequate disclosure of potential impacts to plants 
and sensitive natural communities. These protocols may be used in conjunction with 
protocols formulated by other agencies, for example, those developed by the U.S. Army 
Corps of Engineers to delineate jurisdictional wetlands2 or by the U.S. Fish and Wildlife 
Service to survey for the presence of special status plants3. 

1 Available at: http://resources.ca.govJceqa 
2 Available at: http://www.usace.anny.mil/MissionslCivilWork.s/RegulatoryProgramandPermitsl 

techbio.aspx 
:$ U.S. Fish and Wildlife Service Survey Guidelines: https://w'MN.fws.gov/sacramento/es/Survey

Protocols•Guidelines/ 



Department of Fish and Wildlife Trustee and Responsible Agency Mission 
The mission of the California Department of Fish and Wildlife (CDF\f\l) is to manage 
California's diverse wildlife and native plant resources, and 1he habitats upon which they 
depend, for their ecological values and for their use and enjoyment by the public. CDFW 
has jurisdiction over the conservation, protection, and management of wildlife, native 
plants, and habitat necessary to maintain biologically sustainable populations (Fish & G. 
Code, § 1802). COFW, as trustee agency under CEQA Guidelines section 15386, 
provides expertise in reviewing and commenting on environmental documents and 
provides protocols regarding potential negative impacts to those resources held in trust 
for the people of California. 

Certain species are in danger of extinction because their habitats have been severely 
reduced in acreage, are threatened with destruction or adverse modification, or because 
of a combination of these and other factors. The California Endangered Species Act 
(CESA) and Native Plant Protection Act (NPPA) provide additional protections for such 
species, including take prohibitions (Fish & G. Code, § 2050 et seq.; Fish & G. Code, § 
1908}. As a responsible agency, CDFW has the authority to issue permits for the take of 
species listed under CESA and NPPA if the take is incidental to an otherwise lawful 
activity; CDFW has detennined that the impacts of the take have been minimized and 
fully mitigated; and the take would not jeopardize the continued existence of the species 
(Fish & G. Code, § 2081, subd. (b); Cal. Code Regs., tit. 14 § 786.9, subd. (b)). 
Botanical field surveys are one of the preliminary steps to detect special status plant 
species and sensitive natural communities that may be impacted by a project 

Deflnltlon& 
Botanical field surveys provide information used to determine the potential 
environmental effects of proposed projects on special status plants and sensitive natural 
communities as required by law (e.g., CEQA, CESA, and federal Endangered Species 
Act (ESA)). 

Special status plants, for the purposes of this document. include all plants that meet 
one or more of the following criteria: 

• Listed or proposed for listing as threatened or endangered under the ESA or 
candidates for possible future listing as threatened or endangered under the ESA 
(50 C.F.R., § 17.12). 

• Listed or candidates for listing by the State of California as threatened or 
endangered under CESA (Fish & G. Code, § 2050 et seq.)4. In CESA. 
"endangered species" means a native species or subspecies of plant which is in 
serious danger of becoming extinct throughout all, or a significant portion. of its 
range due to one or more causes, including loss of habitat, change in habitat, 
overexploitation, predation, competition, or disease (Fish & G. Code, § 2062). 
"Threatened species" means a native species or subspecies of plant that, 

4 Refer to cur,ent onfine published lists available at: 
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentlD=109390&inline 
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although not presently threatened with extinction, is likely to become an 
endangered species in the foreseeable future in the absence of the special 
protection and management efforts required by CESA (Fish & G. Code, § 2067). 
"Candidate species~ means a native species or subspecies of plant that the 
California Fish and Game Commission has formally noticed as being under 
review by CDFW for addition to either the tist of endangered species or the list of 
threatened species, or a species for which the California Fish and Game 
Commission has published a notice of proposed regulation to add the species to 
either list (Fish & G. Code, § 2068). 

• Listed as rare under the California Native Plant Protection Act (Fish & G. Code,§ 
1900 et seq.). A plant is rare when, although not presently threatened with 
extinction. the species, subspecies, or variety is found in such small numbers 
throughout its range that it may be endangered if its environment worsens (Fish 
& G. Code,§ 1901). 

• Meet the definition of rare or endangered under CEQA Guidelines section 15380, 
subdivisions (b) and {d), including: 

o Plants considered by CDFW to be "rare, threatened or endangered in 
California." This includes plants tracked by the California Natural Diversity 
Database (CNDDB) and the California Native Plant Society (CNPS) as 
California Rare Plant Rank {CRPR) 1 or 25; 

o Plants that may warrant consideration on the basis of declining trends, 
recent taxonomic information, or other factors. This may include plants 
tracked by the CNDDB and CNP$ as CRPR 3 or 46• 

• Considered locally significant plants, that is, plants that are not rare from a 
statewide perspective but are rare or uncommon in a local context such as within 
a county or region (CEQA Guidelines,§ 15125, subd. (c)), or as designated in 
local or regional plans, policies, or ordinances (CEQA Guidelines, Appendix G). 
Examples include plants that are at the outer limits of their known geographic 
range or plants occurring on an atypical soil type. 

Sensitive natural communities are communities that are of limited distribution 
statewide or within a county or region and are often vulnerable to environmental effects 
of projects. These communities may or may not contain special status plants or their 

5 See CNODB's Special Vascular Plants, Bryophytes, and Lichens List for plant taxa with a CRPR of 1 
or 2: https:/lnrm.dfg.ca.gov/FileHandler.ashx'?DocumentlD=109383&inline 

6 CRPR 3 plants (plants about which more information is needed) and CRPR 4 plants {plants of limited 
distribution) may warrant consideration under CEOA Guidelines sec11on 15380. Impacts to CRPR 3 
plants may warrant consideration under CEQA If sufficient lnfom1at1on is available to assess potential 
impacts to such plants. Impacts to CRPR 4 plants may warrant consideration under CEQA if 
cumulative impacts to such plants are significant enough to affect their overall rarity. Data on CRPR 3 
and 4 plants should be submitted to CNDDB. Such data aids in determining and revising the CRPR of 
plants. See CNDDB's Special Vascular Plants, Bryophytes. and Lichens List for plant taxa with a 
CRPR of 3 or 4: https:/lnrm.dfg.ca.gov/Fi1eHandler.ashx?DocumentlD=109383&inline 
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habitat CDFW's List of California Terrestrial Natural Communitiss7 is based on the best 
available information, and indicates which natural communities are considered sensitive 
at the current stage of the California vegetation classification effort. See the Vegetation 
Classification and Mapping Program (VegCAMP) website for additional information on 
natural communities and vegetation cfassification8. 

2. BOTANICAL FIELD SURVEYS 

Evaluate the need for botanical field surveys prior to the commencement of any 
activities that may modify vegetation, such as clearing, mowing, or ground-breaking 
activities. It is appropriate to conduct a botanical field survey when: 

• Natural (or naturalized) vegetation occurs in an area that may be directly or 
indirectly affected by a project (project area), and it is unknown whether or not 
special status plants or sensitive natural communities occur in the project area; 

• Special status plants or sensitive natural communities have historically been 
identified in a project area; or 

• Special status plants or sensitive natural communities occur in areas with similar 
physical and biological properties as a project area. 

Survey Objectives 

Conduct botanical field surveys in a manner which maximizes the likelihood of locating 
special status plants and sensitive natural communities that may be present. Botanical 
field surveys shoutd be floristic in nature, meaning that every plant taxon that occurs in 
the project area is identified to the taxonomic level necessary to determine rarity and 
listing status. "Focused surveys" that are limited to habitats known to support special 
status plants or that are restricted to lists of likely potential special status plants are not 
considered floristic in nature and are not adequate to identify all plants in a project area 
to the level necessary to determine if they are special status plants. 

For each botanical field survey conducted, include a list of all plants and natural 
communities detected in the project area. More than one field visit is usually necessary 
to adequately capture the ftoristic diversity of a project area. An indication of the 
prevalence (estimated total numbers. percent cover, density, etc.) of the special status 
plants and sensitive natural communities in the project area is also useful to assess the 
significance of a particular plant population or natural community. 

Survey Preparation 

Before botanical field surveys are conducted. the botanical field surveyors should 
compile relevant botanical information in the general project area to provide a regional 

7 Available at: https:/twww.wildlife.ca.gov/OataNegCAMP/Natural-Communilies#oatural%20 
communities%201ists 

8 Available at: https://www.wildlife.ca.gov/DataNegCAMP 
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context. Consult the CNDDB9 and BIOS10tor known occurrences of special status 
plants and sensitive natural communities in the project area prior to botanical field 
surveys. Generally, identify vegetation and habitat types potentially occurring in the 
project area based on biological and physical properties (e.g. soils) of the project area 
and surrounding ecoregion11 . Then, develop a list of special status plants and sensitive 
natural communities with the potential to occur within the vegetation and habitat types 
identified. The list of special status plants with the potential to occur in the project area 
can be created with the help of the CNDDB QuickView Tool12 YVhich allows the user to 
generate lists of CNODS.tracked elements that occur within a particular U.S. Geological 
Survey 7.5' topographic quad, surrounding quads. and counties within California. 
Resulting lists should only be used as a tool to facilitate the use of reference sites, with 
the understanding that special status plants and sensitive natural communities in a 
project area may not be limited to those on the list. Botanical field surveys and 
subsequent reporting should be comprehensive and floristic in nature and not restricted 
to or focused only on a list. Include in the botanical survey report the list of potential 
special status plants and sensitive natural communities that was created, and the list of 
references used to compile the background botanical information for the project area. 

Survey Extent 

Botanical field surveys should be comprehensive over the entire project area, including 
areas that will be directly or indirectly impacted by the project Adjoining properties 
should also be surveyed where direct or indirect project effects could occur, such as 
those from fuel modification, herbicide application, invasive species. and altered 
hydrology. Surveys restricted to known locations of special status plants may not 
identify all special status plants and sensitive natural communities present, and 
therefore do not provide a sufficient level of information to determine potential impacts. 

Field Survey Method 

Conduct botanical field surveys using systematic field techniques in all habitats of the 
project area to ensure thorough coverage. The level of effort required per given area 
and habitat is dependent upon the vegetation and its overall diversity and structural 
complexity, which determines the distance at which plants can be identified. Conduct 
botanical field surveys by traversing the entire project area to ensure thorough 
coverage, documenting all plant taxa observed. Parallel survey transects may be 
necessary to ensure thorough survey coverage in some habitats. The level of effort 
should be sufficient to provide comprehensive reporting. Additional time should be 
allocated for plant identification in the field. 

' Available at: https://www.wlldlife.ca.gov/Oata1CNOOB 
10 Available at: https:/1\Nww.w!ldlife.ca.gov/Oata/BIOS 
" Ecological Subregions of the United States, available at: http:llwww.fs.fed.us/landfpubs.lecoregions/ 

toe.html 
12 Available at: https://www.wildlife.ca.gov/Data/CNDDBIMaps-and-Data. When creating a list of special 

status plants with the potential to occur in a project area, special care should be taken to search all 
quads with slmllar geology, habitats, and vegetation to those found In the project area. 
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Timing and Number of Visits 

Conduct botanical field surveys in the field at the times of year when plants will be both 
evident and identifiable. Usually this is during flowering or fruiting. Space botanical field 
survey visits throughout the growing season to accurately determine what plants exist in 
the project area. This usually involves multiple visits to the project area (e.g. in early, 
mid, and late-season) to capture the floristic diversity at a level necessary to determine 
if special status plants are present 13. The timing and number of visits necessary to 
detennine if special status plants are present is determined by geographic location, the 
natural communities present, and the weather patterns of the year(s) in which botanical 
field surveys are conducted. 

Reference Sites 
When special status plants are known to occur in the type(s) of habitat present in a 
project area, observe reference sites {nearby accessible occurrences of the plants) to 
determine whether those special status plants are identifiable at the times of year the 
botanical field surveys take place and to obtain a visual image of the special status 
plants, associated habitat, and associated natural communities. 

Use of Existing Surveys 

For some project areas. floristic inventories or botanical survey reports may already 
exist. Additional botanical field surveys may be necessary for one or more of the 
following reasons: 

• Botanical field surveys are not current14; 

• Botanical field surveys were conducted in natural systems that commonly 
experience year to year fluctuations such as periods of drought or flooding (e.g. 
vernal pool habitats or riverine systems); 

• Botanical field surveys did not cover the entire project area: 

• Botanical field surveys did not occur at the appropriate times of year; 

• Botanical field surveys were not conducted for a sufficient number of years to 
detect plants that are not evident and identifiable every year (e.g. geophytes, 
annuals and some short-lived plants): 

13 U.S. Fish and Wildlife Ser.,ice Guidelines for Conducting and Reporting Botanical Inventories for 
Federally Listed. Proposed and Candidate Plants available at: https://www.fws.gov/sacramento/es/ 
Survey-Protocols-Guidelines! 

14 Habitats, such as grasslands or desert plant communities that have annual and short-lived perennial 
plants as major ffonstic components may require yearly surveys to accurately document basetine 
conditions for purposes of impact assessment. In forested areas. however, surveys at intervals of five 
years may adequately represent current conditions. For forested areas, refer to "Guklelines for 
Conservation of Sensitive Plant Resources Within the Timber Harvest Review Process and During 
Timber Haivestlng Operations", available at: https://nrm.dfg.ca.govJFileHandler.ashx?DocumentlD= 
116396&inline 
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• Botanical field surveys did not identify all plants in the project area to the 
taxonomic level necessary to determine rarity and listing status; 

• Fire history, land use, or the physical or climatic conditions of the project area 
have changed since the last botanical field survey was conducted; 

• Changes in vegetation or plant distribution have occurred since the last botanical 
field surveys were conducted, such as those related to habitat alteration, 
fluctuations in abundance, invasive species, seed bank dynamics, or other 
factors; or 

• Recent taxonomic studies, status reviews or other scientific information has 
resulted in a revised understanding of the special status plants with potential to 
occur in the project area. 

Negative Surveys 

Adverse conditions from yearly weather patterns may prevent botanical field surveyor 
from determining the presence of, or accurately identifying, some special status plants 
in the project area. Disease, drought, predation, fire, herbivory or other disturbance may 
also preclude the presence or identification of special status plants in any given year. 
Discuss all adverse conditions in the botanical survey report16. 

The failure to locate a known special status plant occurrence during one field season 
does not constitute evidence that the plant occurrence no longer exists at a location, 
particularly if adverse conditions are present For example, botanical field surveys over 
a number of years may be necessary if the special status plant is an annual or short
lived plant having a persistent, long-lived seed bank and populations of the plant are 
known to not germinate every year. Visiting the project area in more than one year 
increases the likelihood of detecting special status plants, particular1y if conditions 
change. To further substantiate negative findings for a known occurrence, a visit to a 
nearby reference site may help ensure that the timing of botanical field surveys was 
appropriate. 

3. REPORTING AND DATA COLLECTION 

Adequate information about special status plants and sensitive natural communities 
present in a project area will enable reviewing agencies and the public to effectively 
assess potential impacts to special status plants and sensitive natural communities and 
will guide the development of avoidance, minimization, and mitigation measures. The 
information necessary to assess impacts to special status plants and sensitive natural 
communities is described below. For comprehensive, systematic botanical field surveys 
where no special status plants or sensitive natural communities were found. reporting 

and data collection responsibilities for botanical field surveyor remain as described 

15 U.S. Fish and Wildlife Service Guidelines for Conducting and Reporting Botanical Inventories for 
FederaUy Listed, Propose<! and Candidate Plants available at: https:/lwww.fws.gov/sacramento/ 
es/Survey-Protocols•Guidelines/ 
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below, excluding specific occurrence information. 

Special Status Plant and Sensitive Natural Community Observations 
Record the following information for locations of each special status plant and sensitive 
natural community detected during a botanical field survey of a project area. 

• The specific geographic locations where the special status plants and sensitive 
natural communities were found. Preferably this will be done by use of global 
positioning system (GPS) and include the datum16 in which the spatial data was 
collected and any uncertainty or error associated with the data. If GPS is not 
available. a detailed map (1 :24,000 or larger) showing locations and boundaries 
of each special status plant population and sensitive natural community in 
relation to the project area is acceptable. Mark occurrences and boundaries as 
accurately as possible; 

• The site-specific characteristics of occurrences, such as associated species, 
habitat and microhabitat, structure of vegetation, topographic features, soil type, 
texture, and soil parent material. If a special status plant is associated with a 
wetland, provide a description of the direction of flow and integrity of surface or 
subsurface hydrology and adjacent off-site hydrological influences as 
appropriate; 

• The number of individuals in each special status plant population as counted (if 
population is small) or estimated (if population is large); 

• If applicable, infonnation about the percentage of each special status plant in 
each life stage such as seedling, vegetative, flowering and fruiting; 

• The density of special status plants, identifying areas of relatively high, medium 
and low density of each special status plant in the project area; and 

• Digital images of special status plants and sensitive natural communities in the 
project area, 'Nith diagnostic features. 

Special Status Plant and Sensitive Natural Community Documentation 

When a special status plant is located, data must be submitted to the CNDOB. Data 
may be submitted in a variety of formats depending on the amount and type of data that 
is collected17. The most common way to submit data is the Online CNDOB Field Survey 
Form 18, or equivalent written report, accompanied by geographic locality information 
(GPS coordinates, GIS shapefiles, KML files. topographic map, etc.). Data submitted in 
digital form must include the datum19 in which it was collected. 

If a sensitive natural community is found in a project area, document it with a Combined 

16 NAD83, NA027 or WGS84 
17 See https:IIWl.wl.wildlife.ca.gov/Data/CNDDB!Submitting-Data for information on acceptable data 

submission formats. 
16 Available at: https:/lwww.wildlife.ca.gov/Oata/CNDDB/Submitting-Data 
19 NADS3, NAD27 or WGS84 
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Vegetation Rapid Assessment and Releve Field Form20 and submit the form to 
VegCAMP21 . 

Voucher Collection 

Voucher specimens provide verifiable documentation of special status plant presence 
and identification and a sdentific record. This information is vital to conservation efforts 
and valuable for scientific research. Collection of voucher specimens should be 
conducted in a manner that is consistent with conservation ethics, and in accordance 
with applicable state and federal permit requirements (e.g. scientific, educational, or 
management permits pursuant to Fish & G. Code, § 2081, subd. (a}). Voucher 
collections of special status plants (or possible special status plants) should only be 
made when such actions would not jeopardize the continued existence of the 
population. A plant voucher collecting permit22 is required from CDFW prior to the take 
or possession of a state-listed plant for voucher collection purposes, and the permittee 
must comply with all permit conditions. 

Voucher specimens should be deposited in herbaria that are members of the 
Consortium of California Herbaria23 no later than 120 days after the collections have 
been made. Digital imagery can be used to supplement plant identification and 
document habitat. Record all relevant collector names and permit numbers on specimen 
labels (if applicable). 

Botanical Survey Reports 
Botanical survey reports provide an important record of botanical field survey results 
and project area conditions. Botanical survey reports containing the following 
information should be prepared whenever botanical field surveys take place, and should 
also be submitted with project environmental documents: 

Project and location description 

• A description of the proposed project; 

• A detailed map of the project area that identifies topographic and landscape 
features and includes a north arrow and bar scale; 

• A vegetation map of the project area using Survey of California Vegetation 
Classification and Mapping Standards24 at a thematic and spatial scale that 
allows the display of all sensitive natural communities; 

• A soil map of the project area; and 

20 Available at: https:llwww.wildlife.ca.gov/OataNegCAMP/Natural-Communilies/Submit 
21 Combined Vegetation Rapid Assessment and Releve Field Forms can be emailed lo VegCAMP staff. 

Contact infonnalion available at: https://WWW.~ldlife.ca.90vlData/VegCAMPINatural-Communities/ 
Other-Info 

22 Applications available at: https:/1\N\Nw.wildlife.ca.gov/Conservation/Plants/Permits 
i:) A list of Consortium of California Herbaria participants is available at: http:/lucjeps.berkeley.edu/ 

consortium/participants.html 
24 Available at http$ ://www. wildlife. ca .gov/data/vegcamp/publications-and-protocols 
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• A written description of the biological setting, including an natural communities: 
geological and hydrological characteristics: and land use or management history. 

Detailed description of survey methodology and results 

• Names and qualifications of botanical field surveyor(s); 

• Dates of botanical field surveys (indicating the botanical field surveyor(s) that 
surveyed each area on each survey date), and total person-hours spent; 

• A discussion of the survey preparation methodology; 

• A list of special status plants and sensitive natural communities with potential to 
occur in the region; 

• Description(s) of reference site{s), if visited, and the phenological development of 
special status plant(s) at those reference sites; 

• A description and map of the area surveyed relative to the project area; 

• A list of all plant taxa occurring in the project area, with all taxa identified to the 
taxonomic level necessary to determine whether or not they are a special status 
plant; 

• Detailed data and maps for all special status plants and sensitive natural 
communities detected. Information specified above under the headings "Special 
Status Plant and Sensitive Natural Community Observations," and "Special 
Status Plant and Sensitive Natural Community Documentation," should be 
provided for the locations of each special status plant and sensitive natural 
community detected. Copies of all California Native Species Field Survey Forms 
and Combined Vegetation Rapid Assessment and Releve Field Forms should be 
sent to the CNDDB and VegCAMP, respectively, and included in the project 
environmental document as an Appendix25; 

• A discussion of the potential for a false negative botanical field survey; 

• A discussion of how climatic conditions may have affected the botanical field 
survey results; 

• A discussion of how the timing of botanical field surveys may affect the 
comprehensiveness of botanical field surveys; 

• Any use of existing botanical field surveys and a discussion of their applicability 
to the project; 

• The deposition locations of voucher specimens, if collected; and 

• A list of references used, including persons contacted and herbaria visited. 

25 It is not necessary to submit entire environmental documents to the CNDDB 
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Assessment of potential project impacts 

• A discussion of the significance of special status plant populations in the project 
area considering nearby populations and total range and distribution; 

• A discussion of the significance of sensitive natural communities in the project 
area considering nearby occurrences and natural community distribution; 

• A discussion of project related direct, indirect, and cumulative impacts to special 
status plants and sensitive natural communities; 

• A discussion of the degree and immediacy of all threats to special status plants 
and sensitive natural communities, including those from invasive species: 

• A discussion of the degree of impact, if any, of the project on unoccupied, 
potential habitat for special status plants; and 

• Recommended measures to avoid. minimize. or mitigate impacts to special 
status plants and sensitive natural communities. 

4. BOTANICAL FIELD SURVEYOR QUALIFICATIONS 

Botanical field surveyors should possess the following qualifications: 

• Knowledge of plant taxonomy and natural community ecology; 

• Familiarity with plants of the region. including special status plants; 

• Familiarity with natural communities of the region, including sensitive natural 
communities; 

• Experience with the CNDDB, BIOS. and Survey of California Vegetation 
Classification and Mapping Standards; 

• Experience conducting floristic botanical field surveys as described in this 
document, or experience conducting such botanical field surveys under the 
direction of an experienced botanical field surveyor; 

• Familiarity with federal, state. and local statutes and regulations related to plants 
and plant collecting; and 

• Experience analyzing the impacts of projects on native plant species and 
sensitive natural communities. 

5. SUGGESTED REFERENCES 
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The importance of coccidioidomycosis as an occupational disease has 

increased in the southwestern United States. This report discusses 

the aspects of the disease in terms of its geography, tke agent, 
occupation, dust conditions, and various oiher factors. A control 
program is outlined. 

EXPOSURE FACTORS IN OCCUPATIONAL 

COCCIDIOIDOMYCOSIS 

Lawrence L. Sch.melur, M.P.H., ond Irvine R. Taber$haw, M.D., F . .4.P.11.A. 

THE rapi<l and increasing influx: of in• 
dustry and agriculture into the south

western United States has heightened the 
importance of coccidioidomycosis as an 
occupational di5ease. Before 1938, this 
disease was of little interest because 
relatively few clinical ()aSCS were re<:og
nize<I and the morbidity caused by pri• 
mary infection was not appreciated. In 
that year, Dickson and Gifford,1 report• 
ing on several years of study, clearly 
established that the benign, primary 
form of the disease was an important 
ca.use of illness in the endemic areas, 
and that the disease is caused by inhala• 
tion of spores of Coccidioides immitis. 
During World War II, cocddioidomy
cosis was shown to be the cause of sig• 
nificant illness among soldiers in train• 
ing at camps in the endemic areas. 
Studies by Smith, et al.,2 showed that 
preventive measures, notably dust con• 
trol, were effective in reducing tile rate 
of infection and the seriousness of epi• 
demics. 

Epidemics have a?so been reported in 
susceptible groups of university person• 
nel that entered endemic areas. In 1942, 
Davis, ct al.,3 reported infection in seven 
of 14 students and staff from Stanford 

JANUARY, 1961 

University who made a field trip to the 
San Joaquin Valley. In 1954, four stu
dents from the University of California 
at Los Angeles contracted the disease in 
similar circumstances, and one student, 
not participating in the field trip, de• 
veloped disease through the handling of 
contaminated specimens in the Jabora• 
tory.4 In 1962, 100 per cent infection 
was reported in a group of 16 persons 
from UCLA who participated in an 
archaeological field study near Los 
Banos, Calif.• Again in 1965 three stu
dents from UC Berkeley developed cli.n. 
ical disease after a field trip in the same 
general area. 

Coccidioiaomycosis ranks high among 
the infectious occupational diseases~ as 
shown in Table l. Further, the case fa• 
telity rate closely parallels that of tuber• 
culosis as shown in Table 2.6 These rates 
are based on re1)orted clinically recog
nized cases. In both diseases, primary 
infection usually got"S unnoticed. Fatal
ity rates for both diseases are eonsider
ably less when based on total number of 
infections. 

In spite of the foct that coccidioidomr
cosis is in most instances inapparent or 
mild, the disease causes significant dis-

t07 



Table 1-Numher of diuhilitr eases of 
11elected occupalional duse,a9ee in C.11-
fonlia by fuical year of report" 

Number of 
disability ca~es 

1962- 196~ 1964- 3-year 
Disease 1963 1964 1965 total 

C<1ccidioidomycosis 21 34 't"I 82 
Tuberculosi9 28 29 24 81 
Anthrax, brucellosis, 

Q fever 11 13 13 37 
Psittacosis l 1 1 3 

Tetanus l ') .. 1 4 

• r,...,: 'CVorlr. Joju,leo In Calltoaaia. O,,u1erl7 Sie!b
tiral Summ•ry. Stat<t of Calllofflla l)~uuae1u or ID
d1Utriel W•lfare. Dlrt.laa of Lai,or Stat!rlic,o .ad Ro. 
•u•c~. 

ability in California workers. Although 
the 106 cases reported in six years" may 
not appear an unduly large number, the 
degree of disability in these cases is 
noteworthy (Table 3). 

A large proportion required hospitali
zation and absence from work lasting 
weeks or months was not unusual. As late 
as 1957, coccidioidomyoosis caused more 
disability at Williams Air Force Base in 
Arizona than any other disease including 
the upper respiratory infectioM.8 While 
the ave.rage incidence of both infections 
was the same, the average disability of 
34.6 days caused by cocddioidomycosi..9 
was seven times higher than that caused 
by upper respiratory infections. 

Since it is not now possible to pro
vide artificial immunity to those enter
ing an endemic area anJ since susi::epti
bility to coccidioidomycosis is essentially 
universal, the introduction of industrial 
or agricultural workers into endemic 
areas carries with it the responsibility 
of assessing the hazard of the disease 
to such populations. None of the expo
sure factors in the production of coc
eidioidomyoosis is susceptible to control 
to the degree necessary to prevent in
fection entirely. Sufficient knowledge of 
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the direct and predisposing causes of 
the disease, however, does exist so that 
it may be possib)e to reduce both the 
incidence of infe1::tion and its severity. 

Geography 

Coccidioides immitis has been reported 
only in the arid and semiarid regions 
of southwestern United States, in Mex
ico. Central America, Venezuela, and in 
the Chaoo region of Argentina. The areas 
of endemicity roughly paraJlcl the boun
daries of the lower Sonoran Life Zone, 
whlch is characterized by scant rainfall, 
hot dry summers, allca)ine soil, mild win
ters, sparce Rora and fauna and, until 
recently, few human inhabitants (Figure 
l) .9 The creosote bush, Larrea tridentata, 
is often considered a specific indicator 
of this life zone. 

Evaluation of geography and ecology 
as exposure factors is complicated hy the 
fact that areas within the lower Sonoran 
Life Zone may be free o{ C. immitis, and 
conversely small endemic areas may oc
cur outside the zone. However, the po• 
tential of serious sequelae to infection 
is sufficient justification to consider any 
entry into suspected endemic areas as 
leading to exposure to the disease, 

Infectious Agent 

Spores of C. immitis are found in the 
first few inches of the soil and in larger 
numbers in the vicinity of rodent lmr• 

Table 2--Case fatality rale.s for eoccidi
oidom)'cosis and tuberculosis in Ca.li
for11ia 1960-1963• 

Casie fatality ra test 
1960 1961 1962 1963 

Coccidioidom~·cosis ll.6 )2.8 12.3 11.l 

Tuberculosis 15.7 12.7 13.l 12.l 

• Ftcim: Calllotnlt Public ffttltb Stt.duio.t Report 
1963-. rut U Comm"ial<:a'ble DJuu ... Ctlifo:roi1 St,te: 
De-partrao11t ~f Publi~ He&hlt. 

t Cne f11&lhy ntt1 .tr~ ~, 100 ~u-e. repot1rd. 
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Table 3-N,unbel" 0£ casea ol oocupational 
coccidioidomye0$1$ repol:ted In CaU
tornia during the period January, 
1959, 10 March, 1965, by indWltry• 

Industry 

Agriculture 
Animal husbandry 
Field crops 
Gardening 
Oth~r 

Construction 
Equipment operalor 
Truck driver-mechanic 
Building trades 

Professional 
Engineer 
Scientist 
Geologist 

Other and unknown 

Total 

16 
11 
3 
2 

19 
6 

14 

9 
8 
s 

Cases 
reported 

32 

39 

22 

13 

106 

• r, • .,_: Somnuy .. r Report• of Oecupa&aallr COD• 
lf«ted Co«ldioidoA>1tx1ti1 1959-)96$, C.liforuia St•t• 
D•pu•m••• of Pl>bl;c H+ahb, Bijf .. \l of O«•IIM'll•••I 
Hohb, 
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rows.1'., These spores produce mycelial 
growth during the winter rains and, as 
the soil dries in the spring, arthrospores 
are again produced. Tests have shown 
that the concentration of arthrospores in 
the soil is highest at the end of the wet 
season and becomes lower as the dry 
season progresses. Season and rainfall 
patterns must therefore he considered in 
the evaluation of exposure potential for 
persons entering endemic zones. Im
portance of this has been shown by 
Smith, et al.,2 in the San Joaquin Valley, 
and hy Hugenho)tz in a study of 13 
yean/ experience at Williams Air Force 
Base in Arizona.11 The average number 
of infections of base personnel was found 
to dec:rease during rainy months and to 
increase during the dry periods. 

The highly infectious nature of C. im
mitis is illustrated by the fact that from 
seven to 15 arlhrospores insufflated in
tranasally into mice causes infection and 
dissemination to the liver and spleen in 
35 per cent to 40 per cent of susceptible 

.... t: t 
··1 

' t.. . ~ -

..;..· 

-e.-.., .. 

Fipre I-Lower Soraoran Life Zone and area of Coecidioides immitis endemicity in lne 
United Stat~ £After Smith, C. E,9] 
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animala.12 The organism hae very sun• 
pie nutritional requirements for growth, 
grows on practically any medium, and 
bu been sh.own to prefer a saline en• 
vironment13 including body fluids. 

Physlctl Properties 

Typical mature hypha.e of C. immitis 
yield barrel,sha~ artbrosporea, ap• 
proximately 2.5 microns in diameter and 
4, microN long, alternating with smaller 
sterile cells. The empty cells rupture 
eaaily to free the apores, leaving on the 
latter cell wall fragments which add to 
the length of the spore and also decrease 
the apparent specific gra-nty. Particle 
dynamics help to explain the highly in• 
fectious nature of the C. immitis and its 
wide d~trihulion by winds. The im
portant factors are terminal settling ·ve
locity and impingement forces. both of 
which are proportional to the particle 
si.ze and specific gravity. Alth~ ac• 
tual .spore dimensions vary and the spe· 
cific gravity is not accurately known, it 
can be postulated that eff~tive spore 
diameter is about 5 microns and its spe• 
ci.60 gravity is about 0.75. Terminal 
settling velocity for the spores is 0.01 
centimeter& per aeoond when computed 
on the basis of these figures. In com• 
parioon. a quarlz particle having this 
terminal settling velocity would have a 
diameter of 1.4 microns. From this it is 
clear that spores o! C. immitis are easily 
air-home. settle slowly, can penetrate 
into the smallut bronchioles and alveoli. 
and that a significant percentage of re• 
tention in the lung can be expected. 

Du,t Conditions 

In the beat of early summer, what 
little ground cover that exists in the en• 
demic areu withers and dies, winds dis
turb the surface dust and lift the spores 
into the air. The slow terminal settling 
velocity permits the spore. to become es
sentially a permanent atmospheric oon-
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talllinant under turbulent wind condi
tions. Such condition& isre not unusual in 
arid regions where thermal phenomena 
generate severe atmoepheric disturb
ances. Very small, intense, local whirl. 
winds, known u "dust devils," can raise 
dust oontaining large number.s of spores 
if they paea over pockets of high con
centration in the soil. Large, rapidJy 
moving air ma88e.'9 are also common, 
such as the "Santa Ana Windstt which 
blow from the Mojave Desert eouth into 
the San Fernando Valley. These winds 
will carry spores into nonendemic areas 
but the concentration will be low because 
of the nonselective raising of dmt. Soil 
te..-u, therefore, cannot usure that an 
area within or close to an endemic zone 
is free of the organism and surface travel 
through or near endemic areas has re• 
aul.ted in expo.sure and infection. 

°""pation 

Varying racial and sexual susceptibil
ity influences the severity and disability 
from coocidioidomycoais. However, since 
it results from inhalation of air-borne 
arthrospore.s, occupational factors must 
he oonsidered in relation to the mapi• 
tude of prohab!e dust exposure. It has 
been shown that a susceptible poplllla· 
tion entering an endemic area can ex• 
perience an annual infection rate of 
about 20 per oent.2 No overt dust e:xpo
eure is necessary; infection can result 
from wind-borne spores travelit1g long 
dist«noe11 in turbulent air <»llditlons. 
Labor groupa wbere occupation involves 
close contact with the soil are at greater 
risk, especially if the work involves dusty 
digging operations. The period of disa• 
bility in cases of occupational coo
cidioidomycosia reported in California 
is classified by industry in Table 4.1 

The significant di.ffeJ"ences in the periods 
of disability can he ascribed to the varia, 
tions in expoaure resulting from occupa
tion. 

Agricultural workers su6e1ed less di.~ 
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ability because their exposure is proba• 
b)y to a few spores at a time. In field 
crop operations, burrowing rodents are 
not tolerated and the foCl.ls of endemicity 
associated with them is not pr~nt. Till
ing of the soil will tend to diaperse pock
ets of high spore concentration so that 
the dust raised can .be expected to oon• 
lain a relatively low t:.0ncentration of 
spores. Similarly, a sheepherder would 
not be e"peete<J to receive a heavy, con• 
centrated dose of arthrOBpores. This 
would tend to produce milder disease 
and a large proportion of inapparent and 
mild iafcctions. 

In the construction tradu, exposures 
may be very different depending on the 
specific operations. Pipeline, highway, 
and utility construction often involves 
work in remote areas where the soil has 
not been disturbed and where foci of 
endemicity are usual. When these foci 
are disturbed, the dust raised can have 
a high concentration of spores. Digging 
of foundation and pipe trenches in resi
dential or commercial buildings can 
lead to 1imilar massive exposure. Simi• 
lady, engineers involved in highway or 
olher heavy <:'.onstruction may he sub
jected to heavy doses if they are work
ing with the construction crews, but may 
suffer exposure comparable to an agri• 
cultural worlcer if they are only sur
veying. 

The exposures of professionals are 
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highly variable and difficult to predict. 
Groups of paleontologists and archaeolo
gists have suffered 100 per cent infec
tion when thear pursuits led them to dig 
in or around rodent burrows. Other 
groups digging in endemic areas have 
completely escaped infection. 

Discussion 

Prevention of coccidioidomycosis is 
complicated by the fact that the organism 
is a natural and persistent inhabitant of 
the environment. Determination of oon
centration of spores in specific locations 
is not feasible beeause the 6election of 
appropriate sampling sites aud identifi• 
cation of C. inunilis is difficult and time• 
consuming. Furthermore, as previously 
mentioned, spores can be air-bome for 
long periods of time and travel great 
distances. Consequently. the importation 
of any sus<.'.cptible labor force into en• 
demic areas carries with it the responsi• 
bility for reducing the rate and severity 
of infection through whatever dust con
trol measures are ~ible and for provid
ing a vigorous program of medical sur
veillance. 

Control of dust for the prevention of 
coccidioidomycosis is not a simple matter 
because of the wide variations in expo
sures. General dust control measures can 
afford some degree of protection to all 
persons working and living in an en• 

Table 4-Namber of dlsabllily casee of occa.palional ~ldl
oidomyeoeie in 0.Ufornla by lenc(h of disal,ility •nd in• 
duttry tor lhe period Janury, 1959, to June, 1962 

reriod of disability in days 

Industry 0 J- 14 15--29 30-50 >OO Tot.al 

Agriculture 6 0 4 4 4 18 

Construction 2 I 0 5 l3 21 

Profos~ions s t 2 6 8 22 

fro•: SQMmary of Repono of o,~Q1><11loa11ly C,,atnett<I Coccl<tlold""''too!t, 
t,S9, lt6S. Collfual• State Departm-t of P~blic Huhb, BaNft of 0<.-.p1,toa&I 
He-«lth. 
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demic area. As shown by Smith,2 oiling 
of parade grounds and barracks areas in 
military establishments reduced the rate 
of infection. Similarly, planting of trees 
and lawns around residences and indus• 
trial plants can reduce the rate o{ infec• 
tion by about half. u Further protection 
can be provided by filtering and condi· 
tioning of air supplied to plants and 
offices, but this is not complete since it 
does not c:;ontrol infection resulting from 
exposure outside the working hours. Pro
tection oi agricultural workers and ani
mal husbandmen to any realistic degree 
is exceedingly difficult. Their exposure to 
dust is an inseparable part of their em
ployment and working conditions pre
clude the effeetivc use of respiratory 
protection. • 

Operators of heavy earth moving 
equipment can be effectively protected 
during working hours by providing air 
conditioned cabs. This not only protects 
from coccidioidomycosis but also controls 
exposure to other dust, noise, and en
gine exhaust fumes. Efficient and com• 
fortable hoods for individual use are now 
available with powered blowers for pro• 
viding filtered air. These are useful on 
1;mallcr earth moving equipment and for 
aemistationary operations such as oil well 
Jrilling. Exposures resulting from man
ual Jigging are less easily controlled. 
Continued use of respirators is very un
-comfortahle in the usually high ambient 
temperatures, and workers resist use of 
1his kind of protection. The wearing of 
respirators can, however, be enforced 
during reoognized periods of high expo
sure. For instance, building tradesmen 
should wear respirators when digging 
foundation excavations or pipeline 
trenches. Similarly, highway engineers 
can wear respirators when working 
around earth moving machinery but 
·could dispense with this when surveying 
ahead ot or behind construction crews. 
"Scientists should be protecre(l during ac
tual digging operations hut not neces
-sarily during exploration. 

Skin testing for previous infection by 

11% 

C. immitis is easy to perform and de
fines the immune population. All persons 
hired for work in endemic areas ( or 
whose assignments take them there) 
should be tested. Assigning immune 
workers to operations involving known 
heavy exposures can effectively reduce 
the incidence of infection. Hiring life
long residents of the endemic areas can 
also reduce the incidence of iniection 
since the level of immunity in these 
people can he expected to be high. This 
should not, however, be substituted for 
a program of skin testing and medical 
surveillance. Negroes and Filipinos have 
beeo shown to he more susceptible to 
developing the highly fatal disseminating 
form of the disease.1G Unless such indi
viduals are shown to have developed im
munity, they should whenever possible 
he assigned to work in areas or at jobs 
where exposure to high concentrations 
of spores will be minimal. 

Periodic medical examinations or in• 
terviews are useful to <Jiscover a his• 
tory of low grade or subdinical infec
tion and to evaluate the level of health 
of the individual This examination 
must include repeated skin testing of 
susc.eptiblcs until the patient shows con
version to a positive reaction signifying 
immunity. Such an individual can then 
be dropped from medics) surveillance 
for coccidioidomycosis. The medical 
management of any respiratory aitrnent 
suffered by persons at risk who are not 
immune to coccidioidomyoosis should 
indude a skin test. 

Research ii1 presently being pursued 
to develop an effe<:tivc antigen for pro
dudng artificial active immunity to coc
cidioidornycosis. If suc<:essiul, this vac
cine will make possible the total protec
tion 0£ populations entering endemic 
areas. However, since man is not the 
reservoir of the disease, but only an ac
cidental host, eradication will not he pos, 
sible. Con&:quent)y the efforts ,., prevent 
disability from coccidioidomycosis must 
be continued so long as susceptible popu• 
lations l"nter endemic areas. 
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Control Program 

A program for limiting the incidence 
of occupational coccidioidomyc.os.is and 
reducing the severity of disease in those 
who become infected would entail the 
following: 
1. Determine ir the work location is 

within the endt:mic area. 
2. Hire resident labor whenever avai). 

able, particularly if dust exposures 
may be heavy. 

3. Establish a medical program includ. 
ing: 
a. Skin tests on all new employees. If 

positive they can be assigned to any 
job; if negative, especially Negroes 
and Filipinos, job exposure m11st be 
,:areiully evaluated. If heavy concen
tration of dust cannot be avoided, 
those \Vilh negative skin tests should 
not ~ employed at that job. 

b. Retest of susccptibles. This 5hould be 
continued every three to six months 
until immunity is demonstrated by con
version to a positive reaction. 

c. Promi,t treatment of respiratory ill
ness in susceptibles. Coooidioidomy. 
oosis is a suspect in such ilb1eeses ( and 
if such is the case early chemotherapy 
can reduce 1he severity}. 

4. Educate the exposed population. 
a. New employees should be informed of 

the potential of infection and its conse• 
qucnces. 

b. All employ~ ~hould be advised to 
seek prompt medical treatment £or any 
respiratory illness and to inform the 
attending physician of their possible 
exp0$11te to the fungus, particularly if 
the physician practices out5ide the en• 
demic area. 

5. Control dust exposure by: 
a. Oiling or planting of areas a.round 

i>lants, offices, and residences. 
b. Filtering and conditioning of air sup• 

plies to plants and offices; providing 
air conditioned cabs on heavy equip. 
ment. 

OCCUPATIONAL COCCIDIOlDOMYCOSIS 

c. Providing respirators, air supplied hel• 
mets, and the like, as indicated. 

d. Pre,·enting transport of C. immitis out• 
side endemic area by thoroughly clean
ing equipm~nt and spedmens before 
shipment to other work locatioM. 
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ABSTRACT: Coccidioidomyco!li!I is a disease of both national and world
wide importance that is most often diagnosed In nonendemic regions. 
The endemic region for Coccidioides spp. lies exclusively in the Western 
Hemisphere. Coccidioide.1, spp. has long been Identified ln semiarid areas 
of the United States and Mexico, and endemic foci have been described 
in areas of Central and South America. Infection is usually the result of 
activities that cause the fungus to become airborne and Inhaled by a sus
ceptible host. Underlying medical diseases that affect T cell function are 
known to increase the risk of disseminated disease and include human 
immunodeficiency virus, cancer, and disease processes requiring trans
plantation and its subsequent immunosuppressive agents. In r~ent years 
the Incidence of the coccldioidomycosis has increased in California and 
Arizona, which may be partially due to the massive migration of Ameri
cans to the Sunbelt states. To date the highest number of cases reported 
in Arizona was in 2004, when a total of 3,665 cases of coccidioidomycosis 
was reported, repttseoting a 281 % increase since 1997. Statistics on the 
prevalence and incidence of cocc:idioidomycosis in Latin America either 
are fragmentary or simply are not available. 

KEV'\VORDs: coccidioldomycosis; epidemiology; Western hemisphere 

INTRODUCTION 

Coccidioidomycosis is the oldest of the major mycoses, 1 The disease was 
described in 1892 and was first thought to be parasitic in nature. 2 It is caused 
by two nearly identical species, Coccidioides (C.) immitis and C. posadasii, 
generally referred as the ''Californian" and non-Californian" species, respec
tively,3 These two organisms are genetically different, but at this time they 
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cannot be distinguished phenotypically nor is the disease or immune response 
to the organisms distinguishable.4 This article discusses up to date issues in the 
epidemiology of coccidioidomycosis, as presented at the Sixth International 
Symposium on Coccidioidomycosis. 

ECOLOGY 

The endemic region for Coccidioides spp, lies exclusively in the Western 
Hemisphere, nearly all ofit between the 40"' latitudes north and south. This life 
zone corresponds with the hot deserts of the southwestern United States and 
northwestern Mexico (the Mojave, Sonoran, and Chihuahuau deserts). This 
region is situated below 4,500 feet where creosote (Larrea tridentata), jojoba, 
paloverde, mesquite, bursagc, and cacti abound. The climate;: is arid with a 
yearly rainfall ranging from IO to 50 cm, with extremely hot summers, winters 
with few freezes and alkaline, sandy soil.5•0 

In the United States this semiarid zone encompasses the southern parts of 
Texas, Arizona, New Mexico, and much of central and southern California. 
Endemic regions have long been identified also in semiarid areas of Mexico 
and endemic foci have been described in areas of Central and South Amel'ica 
(FIG. 1).3 

Cases of coccidioidomycosis may also arise outside endemic areas. Such 
cases also occur because of a recent visit to an endemic area or infection 
through exposure to fomites from such an area.7 In this setting the diagnosis 
is often delayed because the infection is not considered initially.6 

RISK FACTORS FOR INFECTION AND DISEASE 

Infection is usually the result of activities that cause the arthroconidia to 
become airborne and inhaled by a susceptible host. Coccidioidomycosis is 
not spread from person to person except in extraordinary circumstances. The 
main risk factors for acquiring the infection or developing active disease are 
discussed in the following subsections. 

Exposure to Dust 

Environmental conditions appear to have an important impact on coccid
ioidomycosis incidence. Some studies have identified associations linking 
climate and other factors to seasonal patterns of coccidioidomycosis and to 
interannual variability and trends in the disease. Significant variables included 
drought indices, precipitation, temperature, wind speed, and dust during the 
preceding one or more years.8•9 Infection usually occurs during the dry season. 
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FIGURE l. Geographic distribution of coccidioidomycosis. (From He¢tor and 
Laniado-Laborin.80 Reproduced by permission.) 

Because Coccidioides infects humans by the respiratory route, exposure to 
dust is one critical factor determining the risk of infection. The main risk fac
tors for acquiring infection from Coccidioides spp. are activities that bring 
one into contact with dust from undisturbed soil in the endemic areas.4 Coc
cidioides spp. are distributed unevenly in the soil and a majority of posi
tive sites seem to be concentrated around animal burrows and ancient In
dian burial sites. It is usually found IO to 30 cm below the surface of the 
soil.10.11 

Existing Coccidioides mycelia present in dry soil need increased soil mois
ture to grow, followed by a dry period during which fungal hyphae desiccate, 
mature, and fom1 arthroconidia. Wind or other disturbance is required to frag
ment the hyphae and disperse the spores for inhalation by a host. On average, 
peaks in exposure to the fungal spores occur during the drier and dustier 
months of the year. Fewer exposures occur during the wetter and less dusty 
months.'2· 13 
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From 1991 through 1992 there was a dramatic increase in the number of 
cases of coccidioidomycosis reported from Kern County in the San Joaquin 
Valley, California, with 995 cases reported in 1991 and 3,027 cases in 1992.14 

After a 5-year drought in this region heavy rains fell in March 1991 and in 
February and March 1992. This increased precipitation may have brought on 
the germination of arthroconidia from mycelia accumulated over 5 years. 

Dust storms in the endemic area are often followed by outbreaks of coccid
ioidomycosis. One particu)arly severe dust storm in 1977 carried dust from the 
San Joaquin Valley up to the San Francisco Bay area and resulted in hundreds 
of cases of nonendemic coccidioidomycosis in areas north of the San Joaquin 
Valley. 15 

Above this ambient risk occupational and recreational dust exposure as well 
as natural phenomena has occasionally caused outbreaks. Outbreaks of coc
cidioidomycosis have been described under several different circumstances: 
military maneuvers, construction work, 1~ earthquakes, 17 model airplane com
petitions, and hunting (armadillo) expeditions. 18 

Coccidioidomycosis has long been and continues to be a threat to military 
personnel who reside or train in areas where Coccidioides spp. is endemic as the 
Army, Navy, Marines, and Air Force have traditionally deployed large numbers 
of personnel to endemic areas. 19 During World War II, when several training 
airfields were built in the San Joaquin Valley, California, coccidioidomyco
sis was the most common cause of hospitalization at many airbases in the 
southwest.20 More recently, there was an outbreak of coccidioidomycosis 
among Navy SEALs during training exercises in Coalinga, California. Ten 
( 45%) of 22 men had serologic evidence of acute coccidioidomycosis, the high
est attack rate ever reported for a military unit. All patients were symptomatic, 
and 50% had abnormal chest radiographs. 19 Coccidioidomycosis must be con
sidered an occupational disease that occurs with increased frequency among 
personnel exposed to the soil in endemic areas during military training.21 

A coccidioidomycosis outbreak occurred in Ventura County, and was di
rectly linked to dust clouds that emanated from landslides in the Santa Susanna 
Mountains caused by the Northridge ea11hquake in January 1994. In all, 170 
cases were reported in a 7-week period foHowing the earthquake. This outbreak 
is unusual in that Ventura County is not typically considered a hyperendemic 
area of coccidioidomycosis.17 

Gemler 

Males are more often infected, which is likely related to occupational dust 
exposures; however, males also appear to be at a higher risk for dissemination, 
suggesting a hormonal or genetic component.21 Drutz et al. studied the direct 
effect of human sex hormones and related compounds on the growth and mat
uration of C. immitis in vitro. 1713-estradiol, progesterone, and testosterone 
were highly stimulatory for the parasitic phase of Coccidioides spp. growth, 
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whereas cholesterol, ergosterol, and 17cx-estradiol (a physiologically inactive 
stereoisomer of I 7~-estradiol), lacked such effects. Rates of spherule matura
tion and endospore release were accelerated, in a dose-dependent fashion, with 
the most striking effects seen at levels encountered in advanced pregnancy. A 
stimulatory effect of 17(3-estradiol on the saprohic phase of fungal growth 
was also detected. This suggests that direct stimulation of Coccidioides spp. 
by human sex hormones may help to account for sex- and pregnancy-related 
predisposition to dissemination of coccidioidomycosis.22 

Race 

There is no known racial predilection for the acquisition of disease; how
ever, disseminated disease occurs l 0-175 times more often among Filipinos 
and African Americans. Whether Native Americans, Hispanics, or Asians have 
a higher risk is debated.23 The 1977 dust storm in California provided a natural 
means of confirming this increased risk. The incidence of disseminated coc
cidioidomycosis in the non-Caucasian population was disproportionate to its 
overall representation. 1 During this wind-borne outbreak of coccidioidomyco
sis in the nonendemic disease region of Sacramento County, California, the rate 
per I 00,000 of disseminated coccidioidomycosis among African American 
men compared with Caucasian men was 23.8 versus 2.5 (ratio 9.1:1). This 
difference could not be explained by differential exposurc. 15 More recently, 
in the endemic area of Kern County, California, African American men had 
an adjusted odds ratio for disseminated coccidioidomycosis 28 times higher 
than that of any other ethnic group. The apparent variation in susceptibility 
among ethnic groups suggests that genetic factors influence the development 
of disseminated coccidioidomycosis. 1 

Although little is known about the role of T cells in eliminating Coccid
ioides spp., activated T cells elicit a delayed-type hypersensitivity (DTH) in
flammatory response, indicating a Th I-type response. While DTH reactivity is 
regulated by class II HLA interactions with T cells, the host immune response 
to intracellular pathogens is primarily regulated by class I HLA molecules. 
Deresinski et al. found a significant association of blood group B and dis
seminated coccidioidomycosis. HLA-A9 and blood group B are both more 
common in persons of black and Filipino ancestry.24 

Louie et al.25 examined host genetic influences on coccidioidomycosis 
severity among class II HLA loci and the ABO blood group. Participants 
included African American, Caucasian, and Hispanic persons with mild or 
severe disseminated coccidioidomycosis. Among Hispanics, predisposition to 
symptomatic disease and severe disseminated disease is associated with blood 
types A and B, respectively. The HLA class 11 DRB l * 1301 allele marks a 
predisposition to severe disseminated disease in each of the three groups. Re
duced risk for severe disease is associated with DRBI * 0301-DQBl * 0201 
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among Caucasians and Hispanics and with ORB I * 1501-DQB l * 0602 among 
African Americans. These data support the hypothesis that host genes, in par
ticular HLA class II and the ABO blood group, influence susceptibility to 
severe coccidioidomycosis. 

Immunos11ppression 

Underlying medical diseases that affect T cell fWiction are known to increase 
the risk of disseminated disease including human immunodeficiency virus 
(HIV), cancer (particularly Hodgkin's disease), and disease processes requiring 
transplantation and subsequent immunosuppressjve agents. 

Dissemination among patients with cancer appears to be related to the im
munosuppressive effect of the chemotherapy rather than radiation therapy or 
the nature of the disease itself. 23 

Coccidioidomycosis is a recognized opportunistic infection among persons 
infected with HIV The first reports of coccidioidomycosis associated with 
acquired immunodeficiency syndrome (AIDS) occurred just a few years after 
the initial reports of AIDS.26 

A prospective study in the Late 1980s revealed that almost 25% of a cohort 
of HIV~infected individuals living in coccidioidal-endemic region developed 
symptomatic coccidioidornycosis within 3.5 years of follow-up. 21 Two predic
tive variables for the development of coccidioidomycosis were a peripheral 
blood CD4 lymphocyte count of <250 cells/µ.L and a diagnosis of AIDS.27 

Although nearly SO% of the cases of coccidioidomycosis occurring in per
sons with AIDS were found to be from the coccidioidal endemic area (>90% 
from Arizona or California), the rest were from all other regions in the 
United States.28 Therefore, the diagnosis of c<><:cidioidomycosis should be 
considered in any immunosuppressed HIV-infected patient presenting with a 
compatible clinical syndrome.26 

Early in the HIV epidemic, most cases presented as overwhelming diffuse 
pulmonary disease with a high mortality rate.29 The incidence of severe symp• 
tomatic coccidioidomycosis has declined dramatically since the advent of po• 
tent antiretroviral therapy. Although these cases are still seen, they are typically 
in patients with previously undiagnosed HIV infection and extremely low pe· 
ripheral blood CD4 cell counts.26 

Pregnancy 

Pregnant women have long been considered to be at increased risk of de
veloping severe or disseminated coccidioidomycosis, presumably because of 
a general depression in ccll•mediated immunity or because of changes in the 
levels of hormones that stimulate the growth of the fungus. 22 
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A recent review of the literature identified 8 t cases of coccidioidomycosis 
in pregnancy. Disseminated disease was strongly associated with the trimester 
of pregnancy: 50% of the cases diagnosed in the first trimester, 62% of the 
cases diagnosed in the second trimester, and 96% of the cases diagnosed in the 
third trimester had dissemination. In addition, African American women had 
a 13-fold increased risk of dissemination compared to that of white women. 30 

However, another viewpoint suggests that higher dissemination and mor
tality rates in pregnancy are contrary to the experience of practitioners and 
academic physicians in endemic areas and further, that maternal death is rare. 
It has been hypothesized that reports ofincreased maternal morbidity and mor
tality rates might be artifacts of reporting bias, which have led to an inaccurate 
portrayal of the natural history of coccidioidomycosis in pregnancy. 31 

Age 

Coccidioidomycosis occurs in all age groups. In general, the incidence rate 
increases with age; the extremes of age carry a higher risk for complicated 
disease, including chronic pulmonary infection and dissemination.23 

Solid-Orgat1 Transplantation 

Coccidioidomycosis is the most common endemic mycosis to cause disease 
in solid-organ transplant patients in North America. 32 Underlying renal and 
liver disease, T lymphocyte suppression from antirejection medication, and ac
tivation of immunomodulating viruses, such as cytomegalovirus, all increase 
the risk for coccidioidomycosis among these patients. About one-half of all 
cases are the result of reactivation of previously acquired coccidioidal infection 
and occur during the first year after transplantation. Although disseminated 
disease is common, most of these patients manifest with pulmonary syrnp
toms. 32 Coccidioidomycosis has been reported in patients who receive organs 
from donors infected with the fungus.33 

Hemodyafisis for Chronic Renal Failure 

Dialysis patients are at increased risk for fungal infections compared to 
the general population, which substantially decreases patient survival. In a 
study by Abbott el al. dialysis patients had an age-adjusted incidence ratio for 
fungal infections of 9.8 compared to the general population, with candidiasis 
accounting for 79% of all fungal infections, followed by cryptococcosis (6.0%) 
and coccidioidomycosis (4.1%).34 



26 Al\'NALS OF THE NEW YORK ACADEMY OF SCIENCES 

RECENT TRENDS OF COCCIDIOIDOl\'IYCOSIS 
IN THE UNITED STATES 

An estimated 150,000 new infections occur annually in areas of the 
southwestern United States. However, since coccidioidomycosis is not a na
tionally reportable disease (reportable only in Arizona and California), the 
exact incidence is unknown. 

In recent years the incidence of the disease has increased in California and 
Arizona, which may be partially due to the massive migration of Americans 
to the Sunbelt states and, in pa11icular, to Arizona, one of the fastest-growing 
states in the United States. The regions in Arizona in which C. immitis is most 
intensely endemic were previously sparsely populated and now contain major 
population centers, filled primarily with persons who have moved from areas 
where C. immitis was not endemic.35 For example, Maricopa County (Phoenix) 
in 1950 had a population of 0.1 million;35 in 2005 the estimated population 
had reached 3.6 million;36 for Pima county (Tucson) population in 1950 was 
0.1 million;35 in 2005 it was estimated at 924,000.36 Similar population ex
pansion has also occurred in central California and west Texas.35 As these 
populations have expanded in endemic areas, a growing segment of persons 
unusually susceptible to the most serious consequences of infection has also 
emerged. 

[n I 997 laboratory reporting of coccidioidomycosis became mandatory 
in Arizona. This was followed by a marked increase in the number of re
ported cases. To date the highest number of cases reported in Arizona was in 
2004, when a total of 3,665 cases of coccidioidomycosis was reported (62.7 
cases per I00,000 population), which represents a 281 % increase since 1997 
(958 cases). 37 From January to July 2006 the Arizona Department of Health 
Services reported 3,510 cases of coccidioidomycosis ( compared to 1,425 cases 
during the same period in 2005; FJG. 2). 37 

Cases have recently been discovered outside areas previously identified as 
endemic, suggesting the endemic region may be wider than originally de
scribed.23 In 2001 an outbreak of acute respiratory disease occurred among 
persons working at a Native American archeological site at Dinosaur National 
Monument in northeastern Utah. Ten workers met the clinical case definition; 
9 had .serologic confirmation of coccidioidomycosis, and 8 were hospitalized. 
All l O were present during sifting of dirt through screens. This outbreak docu
ments a new endemic focu~ of coccidioidomycosis, which extends no1thward 
its known geographic distribution in Utah by approximately 200 miles.38 

COCCIDIOIDOI\'1YCOSIS OUTSIDE THE ENDEJ\UC AREAS 

Coccidioidomycosis is a disease ofboth national and worldwide importance 
that is often diagnosed in nonendemic regions, typically related to travel. 39 It 
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FIGURE l. Reported cases of coccidioidomycosis. Arizona, 1994-2005. (Source: Ari
zona Department of Health Services, Infectious Disease Epidemiology Section.} 

is usually diagnosed when individuals who live in a nonendemic region return 
home from visiting an endemic area. 

For example, in July 1996 the Washington State Department of Health in 
Seattle was notified of a cluster of a flu-like, rash-associated illness in a 126-
member church group. The group had recently returned from Tecate, Mexico, 
where members had assisted with construction projects at an orphanage. Even
tually there were 21 serologically confinned cases of coccidioidomycosis (at
tack rate, 17%) among this group.16 

Chaturvedi et al.39 reported that during a 5-year period (1992-1997), 161 
persons in New York State had hospital discharge diagnoses of coccidioidomy
cosis, and from 1989 to 1997, 49 cultures from patients were confirmed as C. 
immitis; 26 of these patients had traveled to disease-endemic areas. Sixteen 
patient isolates were available for multilocus genotyping; all these patients 
had a history of travel to the Southwest, with 12 of 16 traveling to Arizona. 
Furthennore, while infonnation on travel history was limited, all 16 patients 
from whom information was obtained had traveled to disease-endemic areas 
before becoming ill. 

Coccidioidomycosis can create a clinical dilemma even in countries far 
away from the endemic areas. A 60-year-old Israeli resident traveled to 
Arizona, developed influenza-like infection, and returned to Israel with an 
airspace-occupying lesion in the IWlg. Since the patient was a heavy smoker, 
lung cancer was suspected and he was operated on. A granuloma with 
spherules was reported on stain preparations and C. immitis was isolated by 
culture.40 

Diagnosis is often delayed because the infection is not considered initially.6 

Travelers visiting regions where Coccidioides spp. is endemic should be made 
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aware of the risk of acquiring coccidioidomycosis, and health care providers 
should be familiar with the presenting signs and symptoms of this disease. 

COCCIDIOIDOl\ilYCOSIS IN LATIN AMERICA 

Statistics on the prevalence and incidence of coccidioidomycosis in Latin 
America are either fragmentary or simply not available. 

Mexico 

Skin test surveys carried out in Mexico indicate that Coccidioides spp. infec
tions are as prevalent there as in the endemic areas of the United States.41 The 
studies by Gonzalez-Ochoa (Encuesta Nacional 1961-1965) on skin testing 
with coccidioidin defined the epidemiologic distribution of coccidioidomy
cosis infoction in three endemic zones in the country: the Northern zone, the 
Pacific Coast zone, and the Central zone, with variable rates of infection in the 
states of Baja California, Chihuahua, Colima, Coahuila, Durango, Guanajuato, 
Guerrero, Jalisco, Michoacan, Nayarit, Nuevo Leon, San Luis Potosi, Sinaloa, 
Tamaulipas, and Zacatecas.42 More recently, coccidioidin skin test regional 
surveys for prevalence of infection have shown rates of I 0% (Tijuana, Baja 
California, 199143), 40% (Torreon, Coahuila, 199944), and 93% (12 commu
nities in the state of Coahuila, 200545). 

As mentioned, coccidioidomycosis is caused by two nearly identical species. 
To determine the prevalent species in northern Mexico, Bialek et al.,46 through 
conventional nested PCR and real-time PCR assay, tested 120 clinical strains 
isolated within 10 years in Monterrey, Nuevo Leon, Mexico, All the strains 
corresponded to the Silveira strain (now known to be C, posadasii), as expected 
from the previous geographical studies by Fisher et al.47 

In Mexico most clinical case reports originate in the northern region of the 
country. Since coccidioidomycosis is not a reportable disease, its true incidence 
is unknown.48 

Tuberculosis and coccidioidomycosis share epidemiological, clinical, radio
graphic, and even histopathological features. Since tuberculosis is also endemic 
in Mexico, coecidioidomycosis and tuberculosis can coexist, making the cor• 
rect diagnosis of both entities extremely difficult in such cases.49 

Ce1ttral America 

In Central America coccidioidin surveys conducted more than 40 years ago, 
showed that 21 % of children tested at the Motagua River Valley in Guatemala, 
gave positive reactions, and in the Comayagua Valley of Honduras, skin test 
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surveys revealed an overall prevalence of 25% positivity among the subjects 
tested.41 The first human case of coccidioidomycosis in Nicaragua was re
ported in 197950 ; there are no published reports of prevalence of infection in 
that country. 

South America 

Argentina 

Historically, Argentina is of the greatest interest because the first known 
case was reported by Posadas from that colilltry in 1892.2 Cocddioidomycosis 
is one of the three endemic systemic mycoses in Argentina (histoplasmosis 
and paracoccidioidomycosis being the other two). The endemic area includes 
the semidesert regions from Puna to Patagonia. 5t.S2 

Few coccidioidin skin test surveys have been carried out in Argentina, and 
thus the magnitude of infections in the endemic areas is unknown. In Santiago 
del Estero, a skin test survey by Negroni et al. revealed a prevalence of 19% 
positive reactions among 2,213 children aged 6 to 16 years.41 In a more recent 
skin test survey in the Catamarca province, another skin test survey conducted 
by Negroni et al. in 827 children 6 to 15 years of age revealed a prevalence 
of infection of 16%. In 1979 in the province of San Luis, which included 
1,609 school children and adults, Bonardcllo et al. reported a prevalence of 
14.8%.53 

Brazil 

The first autochthonous cases of coccidioidomycosis in Brazil were reported 
in 1978 and 1979, the first case being from the State of Bahias-4 and the second 
one from Piaui. About t 5 years later, the first micro-outbreak of this mycosis 
in Brazil was also reported in the State of Piaui.55 Since then, the number of 
published cases has increased considerably. The association between this in
fection and the digging of armadillo ( Dasypus novemcinctus) burrows has been 
describcd.56 The fungus has already been isolated from tissues of this animal, 
from dogs, and from soil samples collected in armadillo burrows.56 Currently, 
this systemic myco.sis is considered endemic in the Northeast Brazilian States 
of Bahia, Ceara, Piaui, and Maranhao.57 

Other Countries in South America 

Little is known about areas of coccidioidomycosis in Paraguay and Bolivia. 
The probable endemic areas are in the Gran Chaco region, which both countries 
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share with Argentina.41 In Paraguay, Gomez58 reported that coccidioidomyco
sis was endemic in the departments of Boqueron and Olimpo. He found that 
44% of a group ofGuazurangue Indians living in the department ofBoqueron 
had positive reactions to coccidioidin. 

There have been case reports of coccidioidomycosis from Colombia.4 1.59 

There are no reports of coccidioidin skin test surveys, and therefore the exten
sion of the endemic area and the prevalence of infection remain unknown. 

The states of Falcon, Lara, and Zulia in Venezuela have long been considered 
an endemic area for coccidioidomycosis on the basis of case reports and skin 
test surveys.41.60 

COCCIDIOIDOMYCOSIS lN NONHUMAN HOSTS 

The organism has been described in a wide spectrum of mammalian hosts 
and a few captivt: rcptiles,61 but no report of coccidioidomycosis in an avian 
spocies exists to date. Animals of virtually any age may be susceptible. It is not 
understood why some animals have no clinical signs of coccidioidal infection, 
whereas others develop disease that progresses even in the face of anti fungal 
treatment.62 

Coccidioidomycosis has been reported in armadillos,56 cattle, sheep, dogs,63 

swine, horses,64 burros, rodents, chinchillas,65 coyotes,66 cats,67 and moun
tain lions (Fe/is conco/or).68 In addition, the disease has been reported in 
the following captive free-living wild animals: llamas (Lama spp.J,69 Bengal 
tigers (Leo tigris) maintained in a Davis, California, compound,70 in a giant 
red kangaroo (Macropus rufus) shipped from Australia to the El Paso Zoo, 
Texas,71 a tapir (Tapirtis terreslris), 72 a mountain gorilla (Goriila beringeri) 
exhibited at the San Diego Zoo, California,73 a sooty mangabey (Cercocebus 
atys) transported to Davis, California, from Sierra Lconc,74 and a gclad.a ba
boon (Theropithecus gelada) imported to Canada from Southern California.15 

Even marine species can acquire the infection and develop disease, including 
the Pacific bottlenose dolphin,16 the California sea lion,71•78 and the southern 
sea otter. 79 

CONCLUSIONS 

Because of its apparent regional confinement, coccidioidomycosis is not 
perceived lo have a substantial impact outside the areas classically consid
ered as endemic. This view should be reconsidered, however. An estimated 
150,000 new infections of coccidioidomycosis occur annually in areas of the 
southwestern United States. In recent years the incidence of clinically apparent 
disease has increased in California and Arizona, which may be partially due to 
the massive migration of Americans lo the Sunbelt states; cases have recently 
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been discovered outside the traditional areas, suggesting the endemic area may 
be wider than originally described. 

Coccidioidomycosis is often diagnosed in nonendemic regions; diagnosis 
in that case is often delayed because the infection is not considered initially. 
Travelers visiting regions where Coccidioides spp. are endemic should be made 
aware of the risk of acquiring coccidioidomycosis, and health care providers 
should be familiar with the presenting signs and symptoms of this disease. 

REFERENCES 

I. EINSTEIN, H.E. & R.H. JOHNSOK 1993. Coccidioidomycosis: new aspects of epi
demiology and therapy. Clin. Infect Dis. 16: 349- 356. 

2. POSADA, A. 1892. Un nucvo caso de micosis fungoidea con psorospermias. Ann. 
Circulo Medico Argentino 15: 585- 597. 

3. HECl'OR, R.F. & R. LANIADO-LAHOKIN. 2005. Coccidioidomycosis: A fungal dis-
ease of the Americas. PLoS Med. 2: 2e, 

4. CATANZARO, A. 2004. Coccidioidomycosis. Sem. Respir. Care Med. 25: 123- 128. 
5. GALGIANI, J.N. 1993. Coccidioidomycosis. West. J. Med, 159: I 53- 171. 
6. PAPr>AGIANJS, D.1988. Epidcmiologyofcoccidioidomycosis. Curr. Top. Med. My

col. 2: 199-238. 
7. DESAI, S.A., O.A. MINA!, S.M. GORDON, er (If. Coccidioidomycosis in non endemic 

areas: a case series. Respir. Med. 95: 305- 309. 
8. KouvRAs, K.N., P. JOHNSON, A.C. COMRIE & S.R. YooL. 2001. Environmental 

variability and coccidioidomycosis (valley fever). Aerobiologia 17: 31-42. 
9. COMRIE, A.C. 2005. Climate faclors influencing coccidioidornycosis seasonality 

and outbreaks. Environ. Health Perspect. 113: 688- 692. 
I 0. MADDY, K.T. 1958. The geographic distribution of Coccidioides immitis and pos

sible ecologic implications. Ariz. Med. 15: 178-188. 
LI. KIRKLAND, T.N. & J. FtERER. L 996. Coccidioidomycosis: a reemerging infectious 

disease. Emerg. Infect. Dis. 2: 192- 199. 
12. KotrVRAS, K.N. & A.C. COMRIE. 2003. Modeling valley fever (coccidioidomyco

sis) incidence on the basis of climate conditions. Int. J. Biomcteorol. 47: 87-10 I. 
13. PAPPAGIANIS, D. 1994. Marked increase in cases of coccidioidomycosis in 

California: 1991, 1992, and 1993. Clin. Infect. Dis. 19: SI4-S I 8. 
14. CENTllRS !'OR DISEASE CONTROL AND PREVENTION. Update. 1994. 

Coccidioidomycosis- California, 1991- 1993. MMWR Morb. Mortal. Wkly. 
Rep. 43: 421-423. 

15. PAPPAGIANIS, D. & H. F.1NsTH1N. 1978. Tempest from Tehachapi takes toll or Coc
cidioides immifis conveyed aloft and afar. West J. Med. 129: 527-530. 

16. CAIRNS, L., D. BLYl'HI'., A. KAo, e1 al. 2000. Outbreak of coccidioidomycosis in 

Washington State residents returning from Mexico. Clin. Infect. Dis. 30: 61- 64. 
17. SCHNEIDER, E., R.A. I·fAIJEH, R.A. SPTEGEL, et al. 1997. A coccidioidornycosis 

outbreak following the Northridge, Calif, earthquake. JAMA 277: 904-908. 
18. WANKE, B., M, LAZER.A, P.C. MONTEIRO, et al. 1999. Investigation ofan outbreak 

of endemic coccidioidomycosis in Brazil's northeastern state of Piaui with a 
review of the occurrence and distribution of Cocciclioides immitis in three other 
Brazilian states. Mycopa1hologia 148: 57-67. 



32 ANNALS OF THE NEW YORK ACADEMY Of SCIIENCES 

19. CRUM, N., C. LAMEI, G. Un, el al. 2002. Coccidioidomycosis outbreak among 
United States Navy SEALs training in a Coccidioide:; immitis-endemic area
Coalinga, California. J. Infect. Dis. 186: 865-868. 

20. SMITH, C.E., R.R. BEARD, H.G. ROSENBERG & E.G. WIIITTING. 1946. Effect of 
season and dust control on cocccidioidomycosis, JAMA 132: 833--888. 

21. AMPEL, N.M., M.A. W!EDEN & J.N. GALGfANJ. 1989. Coccidioidomycosis: clinical 
update. Rev. Infectious Dis. 11: 897-9 l I. 

22. CRUM, N.f., E.R. LEDERMAN, C.M. STAffORD, et al. 2004. Coccidioidomycosis. A 
descriptive survey of a reemerging disease. Clinical characteristics and current 
controversies. Medicine 83: 149-17.5. 

23. DRUTZ, D.J., M. HUPPERT, S.H. SUN & W.I. MCGIJIRP.. 1981. Human sex hom1ones 
stimulate the growth and maturation of C<>ccidioides immitis. Infect. lmmun. 
32: 897-907. 

24. DERESINSKI, S.C., D. PAPPAGIANIS & D.A. STEVENS. 1979. Association of ABO 
blood group and outcome of coccidioidal infection. Sahouradia 17: 261 
264. 

25. Lou1E, L., S. NG, R. HAJJEH, et al. 1999. Influence of host genetics on the severity 
of coccidioidomycosis. Emerg. Infect. Dis. 5: 672--680. 

26. AMPJ::l., N.M. 2005. Coccidioidomycosis in persons infected with HIV Type I. 
Clin, Infect. Dis. 41: 1174-1178. 

27. AMPEL, N.M., C.L. Dots & J.N. GALGIANr. 1993. Coccidioidomycosis during hu
man immunodeficiency virus infection: results of a prospective study in a coc
cidioidal endemic area. Am. J. Med. 94: 235-240. 

28. JONES, J.L., P.L. FLEMING, C.A. C1EsrntsKI, er al. 1995. Cocc:itlioidomycosis among 
persons with AIDS in the United Stales. J. Infect. Dis. 171: 961-966. 

29. AMPEL, N.M .. KJ. RYAN, P.J. CARRY, et al. 1986. Fungemia due to Coccidioides 
immi1is: an analysis of 16 episodes in 15 patients and a review of the literature. 
Medicine. 65: 312- 321. 

30. CRUM, N.F. & G. LANDA-BALLON. 2006. Coccidioidomycosis in pregnancy: case 
report and review of the literature. Am. J. Med. (online). 119: 993.e l l- el 7. 

31. CALDWELL, J.W., E.l. ARSURA, W.B. KlLGORE, et al. 2000. Coccidioidomycosis in 
pregnancy during an epidemic in California. Obst. Gynccol. 95: 236- 239. 

32. LOGAN, J.L., J.E. BLAIR & J.N. GALGIANI. 200 I. Coccidioidomycosis complicating 
solid organ transplantation. Semin. Respir. Infect. 16: 251- 256. 

33, 81.A1R, J.E. 2006. Coccidioidomycosis in liver transplantation. Liver. Transpl. 
12: 31-39. 

34. ABBOTT, K.C., I. HYPOLITE, D.J. Tverr, el al. 2001. Hospitalizations for fun
gal infections after initiation of chronic dialysis in the United States. Nephron 
89: 426-432. 

35. GAtGIANI, J.N. l 999. Coccidioidomycosis: A regional disease of national impor-
tance. Rethinking approaches for control. Ann. Intern. Med. 130: 293- 300. 

36. http://quickfacts.census.gov/qfd/states(accessed on 4 January 2007). 
37. Arizona Department ofHeahh Services Website: http://www.azrlhi;.gov/. 
38. 2001.Coccidioidomycosis in workers at an archeologic site: Dinosaur National 

Monument, Ulah, June- Juiy 2001. MMWR SO: 1005- 1008. 
39. CHATURVEDI, V., R. RAMAN!, S. GROMADZKI, et al. 2000. Coccidioidomycosis in 

New York State. Emerg. Infect. Dis. 6: 25-29. 
40. LEFLER, E., D. WEILER•RAVELL, D. MERZBACH, et al. 1992. Traveller's coccid

ioidomycosis: case report of pulmonary infection diagnosed in Israel. J. Clin. 
Microbiol. 30: 1304-1306. 



LANIADO-LABORIN' 33 

41. AJHu.o, L. 1967. Comparative ecology of respiratory mycotic disease agents. Bac
teriol. Rev. 31: 6- 24. 

42. GoNZALF.z-OcHOA, A. 1966. La coccidioidomicosis en Mexico Rev. Invest. Salud 
Pub!. (Mex). 26: 245- 262. 

43. LANIJ\D0-LABORiN, R., R.P. Ci\RDENAS-MORENO & M. A.LVAREZ-CERRO. )99l. 
Tijuana: zona endemica de infeccion por Coccidioide.v immitis. Salud Publica 
Mex. 33: 235- 239. 

44. PAPUA, A., V. M,\RTINF.7.-OROAZ, VM. VELASCO-RODRIGUEZ, el al. I 999. Preva
lence of skin reactivity to coccidioidin and associated risk factors in subjects 
living in a northern city of Mexico. Arch. Med. Res. 30: 388-392. 

45. MONl>RAG0N-GONZALllZ, R., L.J. MENDEZ-ToVAR, E. BERNAL-VAZQUEZ, et al. 
2005. Detccci6n de infeccion por Coccidioides immitis en zonas del estado de 
Coahuila, Mexico. Rev. Argentina Mierobiol. 37: 135- 138. 

46. BIALEK, R., J. KERN, T. HERRMANN, et al. 2004. PCR assays for identification 
of Coccidioides posadasii based on the nucleotide sequence of the antigen 
2/proline-rich antigen. J. Clin. Microbiol. 42: 778- 783. 

47. FISHER, M.C .. G.L. KOENIG, T.J. WHITE & J. W. TAYLOR. 2002. Molecular and 
phenotype description ofCoccidioides pusadasii spp. nov., previously recognized 
as lhe non-Californian population of Coccidioides immitis. Mycologia 94: 73-
84. 

48. CASTANON-OLIVARES, L.R., A. AROCII-CALDER0N, E. BAZAN-MORA & 
E. C6RDOVA-MARTiNEZ. 2004. Coccidioidomicosis y su escaso conocimiento 
en nuestro pais. Rev. Fae. Med. UNAM 47: 145- 148. 

49. CASTANEDA-GODOY, R. & R. LANIADO-LABORiN. 2002. Coexistencia de tubercu
losis y coccidioidomicosis. Presentacion de dos casos clinicos. Rev. Inst. Nal. 
Enf. Resp. Mex. 15: 98- IOI. 

50. RJ0S'-OLJVARES, E.0. 1979. I st human case of coccidioidomycosis in Nicaragua. 
Rev. Latinoam. Microbiol. 21: 215- 218. 

51. NeGR0NI, P., C.R. BRAVO, R. N£GK0N1, et al. 1978. Estudios sobre el G,ccidoides 
immitis. Encuesta epidcmiologiea cfcctuada en la Provincia de Catamarca. Bol. 
Acad. Nal. Med. 56: 327- 339. 

52. MASH{, D.T., B.E. MARTIC0IH~NA, N. BORLETTO, et al. 1987. Epidemiologic study 
of bronchopulmonary mycosis in the Province of Cordova, Argentina. Rev. Inst. 
Med. Trop. Sao Paulo. 29: 59- 62. 

53. BoNARDELL0, N.M. & C. G. DE GAGLIARDI. 1979. lntradermal reactions with eoc
cidioidins in different towns of San Luis Province. Sabouraudia 17: 371- 376. 

54. GOMES, O.M., R.R.P. SERRANO, H.O.V. PRADO, et al. 1978. Coccidioidomicose 
p\llmonar: primeiro caso nacional. Rev. Assoc. Med. Bras. 24: 167- 168. 

55. BEZERRA, C., R, DE LIMA, M. LAZERA,et al. 2006. Viability and molecular authen
tication of Coccidioides immitis strains from Culture Collection of the Instituto 
Oswaldo Cruz, Rio de Janeiro, Brazil. Rev. Soc. Brasileira Med. Trop. 39: 241-
244. 

56. EULALIO, K.D., R.L. MACEDO, M.A.S. CAYALCANTI, et al. 2001. Coccidioides 
immitis isolated from armadillos (Dasypus novemcinctus) in the state of Piaui, 
northeast Brazil. Mycopathologia 149: 57- 61. 

57. N0BRE.-V!!RAS, K., B.C. DF. SOU7.A-FIGUEIRF.00, l.M. SOARES-MARTINS, el al. 2003. 
Coccidioidomycosis: an unusual cause of acute respiratory distress syndrome. J. 
Pneumo!. 29: 45-48. 

58. GOMEZ, R. F. 1950. Endemism of coccidioidomycosis in the Paraguayan Chaco. 
California Med. 73: 35- 38. 



34 ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 

59. ROBLEDO, M.V. 1965. Coccidioidomicosis. Anlioquia Med. 15: 361- 362. 
60. CAMNNS, H. 1961. Coccidioidomicosis. Comentarios sobre la casuistica Vene

:zolana. Mycopathol. Mycol. Appli. 15: 306-316. 
61. TIMM, K.l, R.J. SONN & B.D. HULTGK!lN. 1988. Coccidioidomycosis in a Sonoran 

gopher snake, Pituophis melanoleucus ajfinis. J. Med. Vet. Mycol. 26: 10 l- l04. 
62. SHUBITZ, L.F. & S.M. DIAL 2005. Coccidioidomycosis: a diagnostic challenge. 

Clin. Tech. Small Anim. Pract. 20: 220--226. 
63. SHUBITZ, L.F., C.D. Bu1K1i;w1cz, S.M. DIAL & C.P. LINl>AN. 2005. Incidence of 

Coccidioides spp. infection among dogs residing in an endemic region. J. Am. 
Vet. Med. Assoc. 226: 1846--1850, 

64. Z1t:Mt:R, E.L., D. PAPPAGIANIS, J.E. MADIGAN, et al. 1992. Coccidioidomycosis in 
horses: 15 cases (1975-1984). J. Am. Vet. Med. Assoc. 201: 910-916. 

65. ASHBURN, L.L. & C.W. EMMONS. 1942. Spontaneous coccidioidal granuloma in 
the lungs of wild rodents. Archs. Path. 34: 791-800. 

66. STRAUB, M., R.J. TRAUTMAN & J.W. GREENE. 1961. Coccidioidomycosis in 3 coy
otes. Am. J. Vet. Res. 22: 811-812. 

67. GREENE, R.T. & G.C. TROY. 1995. Coccidioidornycoisis in 48 cats: a retrospective 
study(l984-1993). J. Vet. Int. Med. 9: 86-91. 

68. ADASKA, J.M. 1999. Peritoneal coccidioidomycosis in a mountain lion in 
California. J. Wildlife Dis. 35: 75-77. 

69. FOWLER, M.E., D. PAPPI\GIANIS & I. INGRAM. 1992. Coccidioidmycosis in llamas 
in the United States: 19 cases (1981-1989). J. Am. Vet Med. Assoc. 201: 1609-
1614. 

70. HENRIKSON, R.V. & E.L. BIBERSTE[N. 1972. Coccidioidomycosis accompanying 
hepatic disease in two Bengal tigers. J. Am. Vet. Med. Ass. 161: 674-677. 

71. Hl.iTCHINS0N, LR., E DURAN, C. D. LANE, et al. 1973. Coccidioidomycosis in a 
giant red kangaroo (Macropus rirfus). J. Zoo Anim. Med. 4: 22- 24. 

72. O11.tEHAY, D.L., T.R. Boos!NGER & S. MACKENZIE. 1985. Coccidioidomycosis in 

a tapir. J. Am. Vet. Med. Assoc. 187: 1233-1234. 
73. MCKENNEY, F.D., J. TRAUM & A.E. BONESTELL. 1944. Acute cocddioidomycosis 

in a mountain gotilla { Gm·illa beringeri) with anatomical notes. J. Am. Vet. Med. 
Assoc. 104: 136--140. 

74. PAPPACJIANIS, D., J. VANDERLIP & 13. MAY. 1973. Coccidioidomycosis naturally 
acquired by a monkey, Cercocebus arys, in Davis, California. Sabouraudia 
11: 52-55. 

75. RAPLEY, W.A. & J.R. LoNG. 1974. Coccidioidomycosis in a baboon recently im
ported from California. Can. Vet. J. 15: 39--41. 

76. REIDARS0N, T.H., L.A. GruNER, D. PAPPAGIANIS & J. McBAIN. 1988. Coccid
ioidomycosis in a bottlenose dolphin. J. Wildlife Dis. 34: 629-63 l. 

77. REED, R.E., G. MIGJ\KI & J.A. CUMMINGS. 1976. Coccidioidomycosis in a 
California sea lion. J. Wildlife Dis. 12: 372- 375. 

78. FAUQUIER, D.A., F.M.D. GULLAND, JG. TRIJPKIEWICZ, et al. l 996. Coccidioidomy
cosis in free-living California sea lions (Zalop/rus californianus) in central Cal
ifornia. J. Wild!. Dis. 32: 707-710. 

79. CORNELL, L.H., K.G. OSB0HN, J.E. ANTRIM JR. & J.G. SIMPSON. 1979. Coccid
ioidomycosis in California sea otter (Enhydra lutris). J. Wildl. Dis. 1S: 3 73- 378. 

80. HF.CT0R, R.F. & R. LANIADO-LABORIN. 2005. Coccidioidomycosis: a fungal desse 
of the Americas. PLoS Med. 2(1): e2. 



■al4414fi-l Cel 
~ 

The costs of chronic noise exposure 
for terrestrial organisms 
Jesse R. Barber 1, Kevin R. Crooks 1 and Kurt M. Fristrup2 

'Department of Fish, Wildlife and Conservetion Biology, Coloredo State University, Fo,1 Collins, CO 80523, USA 
2 Nation3I Park Service, Natural Sounds Program, Fort Collins, CO 80525, USA 

Growth in transportation network$, rHouree exnac1ion, 
motorized recreation and urban development is respon• 
sible for chronic noise exposure In most terresrtrlal areas, 
including remote wildernes1;; sites. lnc"'ased noise level$ 
reduce the distance and area over which acou61ie signals 
can be per~ived by animals. Here, we review a broad 
range of findings that indicate the potential severity of 
this threat to diverse taica, and recent studies that docu
ment substantial changes In foraging and anti-predator 
behavior, reproductive success, density and community 
structure in response to noise. Effective management of 
protected areas must include noise assessment, and 
research Is needed to further quantify the ecological 
consequences of chronic noiH eicpo&ure in terrestrial 
environments. 

AnthropGgenic noise and acoustic masking 
Habitat destruction nnd fragmentation are collectively the 
major cause of species extinctions 11,2). Mnny current 
threats to ecologjcal integrity and biodiver.;ity transcend 
political and land management boundaries; climate 
change, altered atmospheric and hydrologic regimes and 
invasive species are prominent examples. Noise also knows 
no boundaries, and terrestrial environments are subject to 
subst.antial and largely uncontrolled degradation of oppor
tunities to pel'ceive natural sounds. Noise management is 
an emergent issue for protected lands, and a potential 
opportunity to improve the resilience of these areas to 
climate change and other forces less susceptible to immndi
ate remediation. 

Why is chronic noise exposure a significant threat to the 
integrity of tenestrial ecosystems? Noise inhibits percep
tion of sounds, an effect called masking (see Glossary) [31. 
Birds, primates, cetaceans and a sciurid rodent have been 
observed to shift their vocalizations to reduce the masking 
effe<:ts of noise (4-7J. However, compromised hearing 
affects more than acoustical communication. Comparative 
evolutionary patterns attest to the alerting function of 
hearing: (i) audit.ory organs evolved before the capacity 
to produce sounds intentionally [8], (ii) species commonly 
hear a bl'oader range of sounds than they are capable of 
producing £9), (iii) vocal activity does not pl'edict hearing 
performance across toxa £9,10], (iv) heating continues to 
function in sleeping [11) and hibernating 1121 animals; and 
( v) secondary loss of vision is more common than is loss of 
hearing [131. 

Masking is a significant. problem for the perception 
of adventitious sounds, such as footfalls and other bypro
ducts of motion. These sounds are nnt intentionally pro
duce<l. and natural selection will typically favor individuals 
that minimize their production. The prevalence and 
characteristics of adventitious sounds have not been 
widely studied {14-161, although their role in int.eractions 

Glossary 

Alerting did:lnc■: the m~v:imum <fisl~nte <11 which <t $i9n<11 can b& perceived. 
A1e,ting distance ls pertinttnl in bit>lqgi~,t oontex.ts ~er~ Sr01Jnd~ 8re 
mo1'¥torec:1 lo dotect potenlit11 thr,,,,,t,. 
Atmoaphfflc: 1btorp'tfon: this pan ot tr1n1mi:ssion f()8g CIIJHd by convet-$.iot\ of 
aoou~tic enargv tnlo other form• or energy. Abaorption taefflclenJC lnera1$.e 
v.ith inc<&aaing flaquencv • .and range from • few d8 10 nut'\C.1reds (If dB per 
kilomater 'f.l;lhin U"t6 :sptrehum of human aud,bilHy. 
A1.1ditlfe: a signal that ig pen:eptible to an atten1i1,1e li~e™''· 
A•wt.fghtln9: A ,nQthod of s.umming sound ene,9Y acroM tho ftf!lquencv 
,pe<:ttum of sounds audible lo humin1. A-weighting epproximahts lhe inv~rt~ 
cf a curve repre,anling 11ouncl int1JF1sitin t~I flJe l)IIJJ<::~iv,sd e,g &(IUl11y loud 
(\h&40 phon contour>. tt is II broadband iOOeK of loudness. in hum1n1 fn units 
of dBIA) or d8A. A..wei;hting also app,o>:imates the s:napiu of hearing 
threshold CU:NH in birds [20). 
D1cfbe1 (d8)~ a r.ogarithmi~ meai;;ur<r of .aci:.ustic intensity, cakulat.,d by 10 
tog,,.U:~nd \n1onsity1tt1feumoa sound intensity), 0 d8 11ppn;;,,:wim4118$ tt,e l<1w:eSI 
thr&~hold of heallhv hum:., hearfng, couesponding to an mlen!ilily ot 10 12 

Wm ,_ b:erYu»le sound intensities; - 20 dB, iOund iust •udibls to a bM.. owl or 
tox; U) OS. r,e&~9 rv3Uino, Quiel re5piration; tlO d8, average human 1pe~ing 
,c,ic~; 80d8, mot0<cy<le a, 15 m. 
F'reque-n~ (Hz. •nd I.HI}: for a periodic sigttil, thrt maximum i'lumb&, of tfrnH 
per se«>nd tha1 a s09mor.t of 1hrt ,igna1 is dut,fkatQd. F-0, a s.in\1'$oidal s;ignat, 
th., ~mbe-r of cydn (th+; numbor o1 pniss\lfe pwks) in one second IHrJ. 
Frequency equals tho speed of sound t~340 ms: 1) divided bv Y"8'Yeten9th. 
Ground atttnuatton: the ~,t of lt&ns:mi9s;on Ion caused bv mle11dion ol the 
p,opagating 'SOVl\(I with (h(f Q,rOUnd. 
Usttn1n9 art.: th• ar<ta of a circle Vitlose u1dN, is tho alerting clit1t(lc.e. 
U$t0t1lt'\QI at$,) is th<t um& H the 'active spaice' of a voctliution, with• liattMt 
r&pl.;.dn9 the sl5>naler &$ the focus. 3nd rs pcninont fat organiy,,, lh;..1 ar~ 
se&,ching for souods. 
Mukini,: 1he amount o, 1he c:,roc:tss br which the thre-s;hok:I of dtH&etion for a 
souod Is increes,od by tho f;ltCSOf\00 ot (he e.gg,egl)t<, of other soundv. 
No'tl,o,eabl•: a SAgr,al tha1 anncts tho euo,,ucu, ot en o,geni,m wlloM fow5 is 
dsowhore 
Scattering lou: ch~ f:)alrl Qt 1raMmlssk-n ~,s re-s:u1tin9 from inegular rtiflution, 
dltfru.tiol\ .and t<tf,aettOn 01 -s:ound ca\lsed by phy:i,ical inhomogone>i1i11c ~lohg 
the "gn,i, t>bth. 

SpftC:ttum, l>QlNtr tptctrun, a.nd ,p-.aotra1 profit&: tht diuribution of acous.1ic 
~ner13y in rel3lioo to frequencv. fn grsphlcal pt&-senlatlon$, the SJ)&(,trtnn is 
often ploU&d e, sound intel\sitv sg.!Slns,t sound froc:aue-ney tFi9ure 1, mein ttxO. 
lfJ <Je4.ftvo .-pc-ctrum: &eou$0C intonsa:ty ,n.eai;1.1t~trHu\tt if\ a ,i.?querxe of 
11'~•· bandt: that t,p.a,n 113 OCt3Vf). Th4) lnttmatiOl\311 St~dard~ 0f9anltatior\ 
deflnK 113"' octaV• b•nd• uod t,y mo6< iound level mete,. !ISO 2G6, 19751. 11 
3"' ott.tve frequency bt1nds ap0roxtmate the audiu)ry fillet 'widths of th& 
human perlr>hert1I &uoho,y system. 
Sf)re,ding lo:s,-: m<'r~ ,tgorous1y termed divergence lc,s.-s. Th¢ portlt)n <>1 
han,mieeion los, t'ltttihvled to the divergence of .:::ound en.etgy. In aeoon:lan.eo 
•Mth th" geomet,y of environment.'tl 3ound propagation. Sphor"=al spreading 
IOHH ·n 08 •~al 20'1oglO(RIAo), Ind rtsuh: lM"len ll'Ht surf.a,. of 1h~ 3C()US1lc 
w.avefron, increaaes: with th& t:Qua:te of dl.aunc:e from th& rourte. 
Whit• nolH' no,ge with aqu21JI &ne,9v ~ron th$ fre(IVenty spectrum. 

160 01&9·S'41/S - 1u front mill• • C 2009 tlMtti(llt Lt4.AII right• ••nrvwd. doi;10,10\Wj.1ru.20tn,08,002 A.\•.til.able onine 16 Sepiembe, 20M 
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Bax 1. Geographic: extent of tranSf)orution noise in the USA 

Transpor1ation noise is a near ubiquitous component of the modern 
acoustical landscape. The method used here to es Ii maw the geographic 
extent of airway (Figure la,bl, ri>ilway{Figure le) and rQadway (Figure Id) 
noise in the continental USA is calculated using the average human 
'noticeability' of noise. Noise was deemed noticeable when the 
modeled noise intensity from transpor1ation (in dB(AlJ &:<ceeded the 
expected noise intensity as predicted from population density laleo 
dBIA)J, Although noticeebility is a conseM1ti~ metric of lho 90<>
graphic extent of trensporlation noise, this ,inalvsis only indicates the 
potemial scope of the problem. How an1hropogenic noise changes the 
temporal and spectral properties of naturally-occurrin9 noise (Figure 1, 
main ts1<1I and the life histories of individual spe.::les wlll be crucial 
components of a more thorough analY3ls. 

The maps in Figure I reflect the following ,:alculations: (ii noise 
r.alculations are county·by•county for a typic111 daytime hour: (ii) 
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county population density Is transformed Into background sound 
level using an EPA empirical formula (see Rel. (841); higher densilw 
implies highor background sound levels; liii) the ~eographic extent 
ot transpor1ation noise is d&t'9rmine<I by caiculetlng the <1ls1ance 
from the vehicle track at which the transportation noise falls below 
lh& t>ackground sound level, multlplylng twice thal distance by the 
length of the transportation corridor in the county !giving a 
notiO<i>ability aree), and comparing that er9a with th9 total area in 
the oounly to compute the percentage land area "ffecfed. A low 
percentage noticeability cen result if either the population density i• 
high or the m11nber of transportation se9rnenl8 is low in the county. 
Thi• analysis indicate6 that tr.-.nsporte1ion noise is audible above the 
back9round of other snthropoganic nol•e created by local commu
nities in most counties In continental USA. See Ref. (841 for more 
details. 
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Fig:,,r• I. P~ieiertt of US (OUl'lly .a,&at tn ,,,,,tuch lraMp<,rUhou f'I01s.& ks no<1ceabf~. (al Jet departures that oceur14Q bl!ltwnn 3 end 4 pm on Oct 11. iooo, 1Jtl(:k4d to fir3t 
destinatior't (bl Data from I&) wt11ll used to .;.st nHilb) th<, g&og,aphfe llXterll of high altitude airway ftCi:111 i n the USA The g~grephic edant of noiH from n111l·Nay tnd 
hlghwty networks,, depi<:ted in (c} ano (d), rt, peel.i~l'fl, Ttie co1or·CO~d divis·ons b ee legend; diyl1on1 inc:raate in size H the prrc:ent inetHse:a) waa chos::an 
ttssuming that as n:Ol ce-abil ty fi,n-e1'$e:t, so do ~$t m-,,e e-r,ors d1J$ 10 no,ite-atiifity ere, overlap flam diffi:1N1nt tran1ponation 1egm1nt,. Adap,ed with p1rmi11ion from 
R•f. 1841. 

among predators and prey is unquestioo.able. In animal 
communication sys~ms, both the sender and receiver can 
adapt to n.oise ma..tjung, but for adventitious sounds the 
burden falls on listeners. 

Anthropogenic disturbanu is known to alter animal 
behavioral patterns and lead to population declines 
(17,181. However, animal responses probably depend 
upon the intensity of perceived threats rather than on 
the intensity of noise (191. Deleterious physiological 
responses to noise exposure in humans and other animals 
include hearing loss (20). elevated stress hormone levels 
1211 and hypertension (221. These responses begin to 
appear at exposure levels of 55-60 dB(A), levels that 
are restricted to relatively small n:reos dose to noise 
sources (20). 

The scale of potential impact 
The most spat.ially ell.'tensive source of anthropogenic noise 
is transportation networks. Gt·owth in transportation is 
increasing faster than is the human population. Between 
1970 and 2007, the US population increased by approxi
mately one third (ht tp://www.census.gov/compendia/ 
statab). Traffic on US roads nearly tripled, to almost 5 
trillion vehicle kilometers per year (http://www.lhwa.dot. 

gov/ohim/tvtwltvtpage.cfm>. Several measures of afri:.raft. 
traffic grew by a factor of three or more between 19Rl and 
2007 (http://www.bts.gov/programs/airline_infonnation/ 
air_ carrier _traflic_sta tistics/airtraffic/annual/1981_ 
present .html). Recent reviews of the effects of noise on 
marine mammals have identified similar trends in ship

ping noise (e.g. Refs (23,24)}. In addition to transportation, 
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resource extraction and motorized recreation are spatially 
extensive sources of noise on public lands. 

Systematic monitoring by the Natural Sounds Program 
of the US NationaJ Parle Service (http://www.nature. 
nps.govf.naturalsounds) confirms the ext,mt of Mise intru• 
sions. Noise is audible more than 25%ofthe hours between 
7am and 10pm at more than half of the 55 sites in 14 
National Parks that have been studied to date; more than a 
doi:cn sites have hourly noise audibility pe2'centages 
exceeding 50% (NPS, unpublished). Remote wilderness 
areas are not immune, because air transportation noise 
is widespt'ead, and high traffic corridors generate substan
tial noise increases on the ground (Box 1). For example, 
anthr-0pogenic sound is audible aL the Snow Flats site in 
Yosemite National Park nearly 70% of the time du1ing 
peak traffic hours. Figure 1 shows that typical noise levels 
exceed oat.ural ambient sound levels by an order of mag
nitude or more. 

Roads are another pervasive source of noise: 83% of 
the land area of the continental US is within 1061 m 
of a road (25). At this distance an average autornobilt 
(having a noise source level of 68 dB(A) measured at 16 
ml will project a noise level of 20 dB(A). Thi~ exceeds 
the median natural levels of low frequency sound in 
most environments. Trucks and mot.orcydes will pl'oject 
substantially moi·e noise: up to 40 dB{A) at 1 km. Box 2 
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p1'0vides a physical model of the reduced listening area 
that can be imposed by these louder backgTound sound 
levels. 

Acoustical ecology 
Intentional communication, SUl,)h as song, is the best stu
died component of the acoustical world, and these signals 
are often processed by multiple receivers. These c-0mmuni
cation networks enable female and male songbirds, for 
example, to assess multiple individuals simultaneously 
for mate choice, extra-pair copulations and rival assess
ment (26). Acoustic masking resulting from increasing 
backgmund sound levels will reduce the number of indi
vidualis that oomprise these communication networks and 
have unknown consequen.::es fur repr,,ductive processes 
(27). 

Reproductive and territorial messages are not the only 
forms of acoustical communication that ope-rate in a net• 
work. Social groups benefit by producing alarm calls to 
wam of approaching predators (281 and contact calls to 
maintain group oohesion (29). A reduction in signal trans
mission distanoe created by anthropogenic noise might 
decrease the effect.ivenl.!:sS of these social networks. The 
inability to hear just one of the alam1 .:ailing individuals 
can 2-esult in animals underestimating the urgency of their 
response (301. 

R1Ur• 1. 24-hour et)ec:lrogromi,: of Indian Pesa in le5c.e Mead Neitio-ru;II Ro,er,;,eition A~• t•t, Medi son Junction fn YeVoW'8b;;me National Par\ (b), Trail Ridge Roeid in Rocky 
Moun1efn Ne1:loM1 P.ark (~~ .end Snow Fl$t1$ in Yo:,omrto Nlrtic:u,.,,J Par1it (cit, Etu::h po11el di1plays 113 o~hwo e,pect.nun 8I01.tnd preHUfl) levels, 'Mth two hour, reprei,onted 
horirontally In 93(:h of 12 ,ow1. lh♦ first thr~• ,ow,: in 99(::lt pan(ilf f11P,rennt th• qui.t•tl hovr,1 of 1n11,c:h d~, from midnight to 6 ,m. Frequency i, sihown on 1he: v .xts: as, t1 

logarUhmfc teal• eX':1ndlng from 12.5 Hr to :20 kHz. with ltlllJ wrtictl midpo(nt in •eeh row e<,r,e::,pondl'tg to ~00 Hi, ThllJ, .ui, (<:otor) dn<=•ibe, :1101Jnd pre:,n..1r• lr,vels in dB 
(unwefS)hted}; the eoklr scaling u11d for all (our pan Bis is indicated bv the color bar on the right hind edge. The lowest 1/3 ot111Y-e levol2 a,e btdow O d8,. tha nom1n11 
three.hold of human h11.rlno. White dots •t the upper ecSg■ af soma raw, iA the p1nN1 on th1 right aide denot• mining seconds of data. Low•fraqu•ncy, broadband 
1igmr1vre:J from high tlt~do jot, ant pteHnt in an four p1neh. OiatJnct eiitampSers are preumtju•t befi>ro 6 .am in la), near 12:-45 •m In (b~ and lc:t, &n.d bt!itw111n midnight and 
12':30 em in ld). fiwed win9 $irc.r~h eignatures Oona I contourawith dQscendin9 pit-ch) ,e,- pn'.laant ln (el (!Ind ld>t ~ith • 900d 8).t:11mpk1 at 1:15 am Jn {d). Btt>.adband aignahan11t 
with very low heQuaneyton8' c~on.ent:& in ta) tre d1.1& to h:,w-.elfituda helicoptert, that ere prominent from --.7 Am "'ntJI 8 pm Anothet prDminurt h1tioopt-er ,;gnetur• i• at 
11:30 em in (ct). {b) illvsl'111411$ sncrwmobil.& and ~owccach ,i,oundt u1corded ... 30 m from th• Weal Entren,e~ Aoed in V•Uo¥,''SltOn•. te) i fu9lraf89 tr.efr.e no Sa rec-anted 1S m 
from Trail flid;o Road in Rocky Mountain Notional Parl:. ~rino e weekend <Mint fe.eturinQ high lilw.b of moto,cyd& traffic. Beci<ground sound levtlt et lh& Rocl<v Mounl<!in 
alt• WINI 4fe1,1atl:d by :1ounds from the nearbv river. 
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Box 2. Physical model of reduced listening a.ea In noise 

The maximum deleetion distance of a signal decreases whel\ noise 
elevate$ the masked hearing threshold. The masked detection 
distance: original dete,;tion distance ratio will l>e the same for all 
signals in the affected frequeney band whose detection range is 
primarily limited by spreading losses. for 8n increase of N dB 111 
background sound level, the deteclion distance ratio is: I<"' 10- """°. 
The corresponding fraction of original listening area is: I<"' 1 O "'0

• 

A 1,d8 increase in background sound level results in 89% of lhe 
original detectioh distance, end 79% of tt\e ori9inal listening ares. 
n,es;a formul~e will overestimate the effecis ot ma$king on a!Qning 
di9tance and listening area tor slgnals that travel far enough to incur 
significant absorptive and scattering losses. More detailed formulae 
would include terms that depend upon the orlglnal maximum rang;) 
o1 detection. 

Figure I illuslr4tes the expected noiso fi-,ld of a road treated as 4 lioe 
source (equal energy generated per 1(1 m segment). An animal traek is 
mar~ed by ten circular features, Iha! depict the listening area of a 
$ignal whose received l&w,1 leapressed as a grey-.;caled value for each 
possible source location! decreases with the inverse squ&l'<I of 
distance from the listener. The apparent shrinkege of 1ha circles is 
dul' to maalcing by the Increasingly dark backg,ound of sound 
projected from 1he road, just a9 oolse would shrink the llstenlng 
area. The circles span 9 dB in road noise level, in 1-clB steps from the 
quietest location (upper right) to the noisiest lat the crossing). 

Maslc:tn,g effects are reduced wit"n increasing s:pect,al sepa:ration 
between noise and signal. The model presume~ tnal the original 
conditions Imposed mukad hearing thresholds, so organisms that 
are limited by their hearing thresholds will not be as affee1ed by 
masking, A diffuse noise source is illustrated, bu! the same results 
would be obteinod if some spsti~I release from masking wero 
possible, so long ae the original conditions implied masked hearing 
threshol~ (~e Rel. 185) for b rtr1iew of release s1r11te9i~!. 

The•e me.asures of lost listening opport.unity are most p;,rtinen1 for 
ch,o,,ic l)xposures. They imply substantial losses in auditoty ftWa,e• 
ness for seemingly modast lncreese$ In noise exposure. Analyses of 

Many vertebrate and invertebrate species are known to 
listen across species' boundaries to one another's sexual 
(e.g. Ref. (31)), alarm (e.g. Ref. (32)) and other vocaliza
tions. Recent examples include gray squirrels, Sciurus 
carolinensis, listening in on the communication calls of 
blue jays, Cy.inocitt<i cristaea, to assess site-apecific risks 
of cache piltering (33); and nocturnally migrating song
birds (341 and newts (Ref. (35I and Refs therein) using 
heterospeeif\c calls lo make habitat decisions. Reduced 
listening area imposed by incl'eased sound levels is 
perhaps more likely to affect acoustical eavesdropping 
than to interfeTe with deliberate communication. The 
signaler is under no selective pressure to ensure success
ful communication to eavesdroppers and any masking 
compensation behaviors will be directed at the auditory 
system and p.,sition of the intended receiver rather than of 
the eavesdropper. 

Acoustical oommunieation and eavesdropping com• 
prise most of the work in bioacoustics, but the parsimo
nious scenal'io foJ· the evolution of hearing involves 
selection fo1· auditory surveillance of the acoustical 
environment, with intention11I communication evolving 
later (8). Adventitious sounds are inadequately studied, 
in spit.e of their documented role in ecological interactions. 
Robins can use sound as the only cue to find buried worms 
[36]; a functional group of hats that. ct1ptu1·e prey off 
surfaces, gleaners, relics on prey-generated noi~e~ to 
localfae their next meal (371; barn owls (1'yto alba; [881), 
marsh hawks (Circus cyaneus; (39]), and grey mouse 
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lransporta1ion noiso impacts based on per~eived loudness often 
assert l:ttat increases of up to three d8 have negligible ettac1S; this 
correspond~ lo ;, 5Q% loss of listening area. 
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lemurs CMicrocebus muriiir,s; (15I have been shown to 
use prey rustling sounds lo detect nnd localize prey; big 
brown bats, Eptcsicus fuscus, have the ability to use low
frequency insect flight, sounds to identify insects and avoid 
protected prey (4-0]. In addition to prey localization, 
spectrally unstruct.ured movement sounds are also used 
to detect predators. Wbite-browed scrubwren (Sericornis 
frontcili.s) nestlings become silent when they hear 
thP. playback of footsteps of pied currawong, Strepera 
gl'oculi11a, their major predator [411; and tungara frogs, 
Physalaemus pr1str1losus avoid the wingbeat sounds of an 
approaching frog-eating bat', Traclwps cirrhostts 142). We 
arc aware of only one study that has examined the role 
of adventitious sounds other than movement noises; 
African reed ft'Ogs, Hyperoliu.s nilidulus flee from the 
sound of fire (43). It. is likely that other ecological sounds 
are functiom11ly important to animals. 

It fa cleor that the acoustical environment is not a 
collei::tion of private conversations between ,;ignaler and 
receiver but an interconnected landscape of infot·mation 
networks and adventitious sounds; a landscape that we see 
as more connected with each yp,ar of investigation. It is for 
these reasons that the masking imposed by anthropogenic 
noise could have volatile and unpredictable consequences. 

Separating anthropogenic disturbance from noii;e 
impacts 
Recent research has reinforced decades of work (44,451 
showing that human activities associated with high levels 
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of anthropogenic noise modify animal ecology: for example, 
the .species richness of nocturnal primat.es, small ungulates 
and carnivores is sign.itic.antly reduced within ,.,, 30 m of 
roads in Africa (461; anuran species richness in Ottawa, 
Canada is negatively correlated with traffic density (471; 
aircraft overflights disturb behavior and alter time budgets 
in harlequin ducks (}{istricnicus hislrionicus; (481) and 
mountain goats (Oreamnos amcrica,ius; (49)); snown10-
biles and off-road vehicles change ungula~ vigilance ~ha
vior and space use, although no evidence yet links these 
responses to population consequem:es (50,51]; songbirds 
show greater nest desertion and abandonment, but 
reduced predation, with.in 100 m of off-road vehicle trails 
(521: and both grearer sage-grouse (Centrocercus uropha• 
sianus; (531> ~nd mule deer <Odocoileus hemwnris; (54]) are 
significantly more likely lo select hahito.t away from noise. 
producing ail and gas developments. Thus, bas~d on these 
studies alone, it seems clear that activities associated with 
high levels of anthropogimic noise can r&1:1tructure animal 
communities; but, because none of these studies, nor the 
disturbance literature in general, isolates noise from other 
possible forces, the independent contribution of anthropo
genic noise Lo these effects is ambiguous. 

Other evidence also implicates quiet, human-p,)wered 
activities, such as hiking and skiing, in habitat degra
dation. For example, a paired comparison of 28 lend pre• 
serves in northern California that varied 11ubstantially in 
Lhe number of non-motorized recreationists showed a five
fold decline in the density of native carnivoyes in heavily 
used sites (66). Further evidence from the Alps indicates 
that outdoor winter sports reduce alpine black grouse, 
Tetrao letrix populations (17) and data from the UK link 
primarily quiet, non-motorized recreation to reduced woo
dlark, Lullula a.rborea populations (181. A recent meta
analysis of ungulate flight resJ)(lnses to humnn disturbnnce 
showed that humans on foot produced stronger behavioral 
reactions than did motorized disturbance [45). These stu• 
dies stl'engthen a detailed foundational literature 
suggesting that anthropogenic disturbance events are pel'
ceived by animals as predation risk, regardless of the 
associated noise levels. Disturbance evokes anti-predator 
behaviors, interfe1·es with other activities that enhance 
fitness and, as the studies above illustt"ate, can lead to 
population decline [441. Although increased levels of noise 
associated with the same disturbance type appear to 
accentuate some animal responses (e.g. Refs (44,48]), it 
is difficult to distinguish reactions that reflect increasingly 
compromised aensory awal"eness from reactions that treat 
greater noise intensity as an indicator of gre11ter l'isk. 

To understand the functional importance of intact 
acoustical environments for animals, experimental and 
statisLical designs must control for the influence of other 
stimuli. Nume1·ous studies implicating noise as a problem 
for animals have reported reduced bird densities near 
roadways (reviewed in Ref. (56)). An extensive study con
ducted in the Netherlands found that 26 of 43 (60%) wood
land bird species t.howed reduced numhers near roads (57). 
This research, similar to most road ecology work, could not 
isolate noise from other possible factoTS associated with 
transportation corridori; (e.g. road mortality, visual 
disturban«!, chemical pollution, habitat fragmentation, 
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increased predation and invasive species along edges). 
However, these effects extended for over a mile into the 
forest, implicating noise as one of the most potent forces 
driving road effects (68). Later work, with a smaller sample 
si-ze, confirmed these results and contributed a significant 
finding: birds with higher frequency calls wel'e less likely to 
avoid roadways than birds with lower frequency calls (59]. 
Coupled with the mounting evidence that several animals 
shift their call frequencies in anthropogenic noise (4-7], 
these dRta are suggestive of o masking mechanism. 

A good first step towards disentangling disturbance 
from noise eliects is t:xemplified by small mammal trans· 
location work performed across roadways that varied 
greatly in traffic amount. The densities of white-footed 
mice, Peromyscus t~ucopus and eastern chipmunks Tamias 
striatu.s were not towel' near roads and both species were 
significantly Jess likely to cross a road than cover the same 
distance away from roads, but traffic volume (and noise 
level) had no influence on this finding (60). Thus, for these 
species, the influence of the road surface itself appears to 
outweigh the independent cantributiom:of direct mortality 
and noise. 

Recent findings on the effects of anthropogenic noise 
Two resct1rch groups have used oil and gas fields as 
'natural experiments' to isolate the effects of noise from 
other confounding variables. Reseat'chers in Canada's bor
eal forest studied songbirds near noisy compressor stations 
(75-90 dB(A) at the sou1·ce, 24 hrs a day, 365 days a yearl 
and nearly identical (and much quieter) well pads. Both of 
these installatians were situated in two to four ha clearings 
with dirt access row that were 1"&l'ely used. This design 
allowed for control of edge effects and other confounding 
fact.ors that hinder interpretation of r<>ad impact studies. 
The findings from this system include reduced pairing 
success and significantly more fint time breeders neal' 
loud compressor stations in ovenbirds (Seiurus ouroca
pilla; [611), and a one-third reduction in overall passerine 
bird density (62]. Low territory quality in loud sites might 
explain the age structuring of this ovenbird population 
and, if so, implicates hackground sound level as an import
ant habitat charactei-istic. In addition to the field data 
above, weakened avian pair p1•eference in high levels of 
noise has been shown experimentally in the lab [631. These 
data suggest masking of communication calls as a possible 
underlying mechanism; however the reduced effectiveness 
of territorial defense songs, reduced aud.itory awareness of 
approaching pl'edators (see Box 3 for a discussion of the 
foraging/vigilance tradoofl'in noi~P.), or r<,duced en po.city to 
detect acoustic cues in foraging, cannot be excluded as 
explanations of the result.s. 

A second research group, wo1·king within natural gas 
fields in north-west New Mexico, US, used pinyon, Pitms 
edulis-juniper, Jrmiperus osteospernw woodlands adja
cent to compressor stations as treatment sites and wood
lands adjacent to gas wells lacking noise-producing 
compressors as quiet control sites [64). The researchers 
were able to turn off the loud compressor stations to 
perform bird counts, relieving the need to adjust for 
detection differences in noise (62]. This group found 
reduced n~sting species richness but in contrast to Ref. 
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Box 3. Do rising background sound level& altM vlgllance behavior? 
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lmpae,•d by anthropoge"'o "°'so. und•r pomr-geMr.>tin9 wind tu,b;n ... than In 
a quiet oontro• site (67), lb) Further wo<t: on viglance bEhaviors .n nOise ¢i0ffl86. 

from oontro led. labor&tory wort. 1t'1th 10,aging ehaflinehe& (Ffingifla '~""b.s}. h\ 
noise thes.& blrdi decrease 1he nte,val between head up oc.aonfog bouts, vlh ch 
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[62), no reduction io overall nesting density. Unexpect
edly, nest success was higher and predation levels lower 
in loud sites {also see Ref. (52]}. The chnnJtl;! in bird 
communities beLweP.n loud and quiet sitA!i- appears to 
be driven by site preference: the response to noise ranged 
from positive to negative, with most; responses being 
negative (e.g. three species nested only in loud sites 
and 14 species nested only in quiet, control sites). How• 
ever, gjvcn the change in community structure, habitat 
selection based on background sound level is not the only 
interpretation of these dat.a, as birds might be using cues 
of reduced .::om petition pressure or predation risk to make 
habitat decisions [641. The major nest predator in the 
study area, the western scrub jay, Aphelocom.a califor• 

Predation risk and human di81u,banc8 increas8 vigilan~ behaviors 
le.g. Refs (50,86)1, al a cost to fora9in9 eff..:iencv (87,SSI. Habitat 
features that lnfluenc,, predator detection, such as vegetati,:m height, 
predict predation risk (88]. If background sound level Interferes with 
the abilitY of an animal to detect predators, risk can increase. Do 
•nimals perceive bnckground sound love! as o habitat chareetcri$tie 
that predicts predation risk? Two re<:ent studiell i:locument increesei:I 
vigilance behaviors in high !eve's of no:,ise (figure II. It seems 
p,obable that lhes& increased anti•pred~tor behaviors are the result 
of anempt6d visual compensation for lost auditory awareness. 
Evidence from ungulates near roads sugges1111his i$ the csse (Figure 
Ill; however, the distinct contributions of 1,alfic as perceived threat 
and tremc noi~ es 8 sensory obstacle a,e confounded ill n)6d 
studies. Experimental reooareh with bird$ and mammal• suggests 
that lost visual a'ltNareness o'Wing to ha:bitat obstruction ,educes food• 
s&archln9 bouts and increas<>S vigilanoo lraviawed in Raf. [S9}J. 
Although no evidence e><lst:s (bul see Ref. 1641>, II noise shifts lhe 
spatial dlstrlbuUon of fonlging effort, then plant growth end s~ 
dispersal coold also be altered. 
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nica, was significantly mo.re likely to occupy quiet sites, 
which might explain the nest predation data (64). It- is 
probable that nest predators rely heavily on BC<J\lstic cues 
l.o find their prey. The study also found that the two bird 
species most strongly associated with. c..-ontrol sites pro
duce low-frequency communication calls. These obser
vations suggest masking as an explanatory factor fo1· 
these observed patterns. This work highlights the potcn• 
tial complexity of the relationship between noise exposure 
and the structure and function of ecologital systems. 

Adjusting temporal, spectral, intensity and redundancy 
characteristie& of 11coustic signals to redu~e masking by 
noise has been demonstrated in six vertebrate orders 
[4-7,65). These shill:s have been documented in a variety 
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of signal types: begging calls of bird chicks (66), alarm 
e.ignals in ground squirrels (67), contact calls of primates 
[68), echolocation cries of bats (651 and sex11al communi
cation signals in birds, cetaceans and anurans (4-7,69}. 
Voi:al adjustment probably comes at a cost to both energy 
balance and information tl'ansfer; however, no study has 
addressed receivers. 

Masking also affects the ability of animals to use sound 
for spatial orientation. When traffic noise is played back to 
grey treefrog, Hyla. chrysoscclis female& as they att.enlpt to 
localize male calls, they take longer to do so and are signifi
cantly less successful in correctly orienting to the male 
signal (701. Similar studies with the European tree frog, 
Hyla a.rborea show decreased calling activity in played 
back traffic noise (71). H. arborea individuals appeal' to be 
unable to adjust the frequency or duration of their calls 
to inci'8ase signal transmission, even at very high noisr, 
intensities (88 dB(A), (711); although other frogi; have been 
shown to slightly shift call frequencies upward in response 
Lo anthropogenic noise (69). These are pal'ticularly salient 
points. It is likely that some species are unable to adjust the 
structure of their sounds to rope with noise even within 
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the same g:roup of organisms. These differences in vocal 
adaptability could partially explain why :;ome species do 
well in loud environments and others do poorly (5,7,72]. 

Under many conditions, animals will minimize their 
movement sow1ds. Foi- example, mice preferentially select 
quieter substrates on which to move (73). Adventitious 
sounds of insects walking contain appreciable energy at 
higher frequencies (main energy ~3-30 kHz [16)) and are 
thus unlikely to be fully masked by most. anthropogenic 
noise ( <2 ldfz (4-7)) but the spectral profile near many 
noise sources contains significant energy at higher fre
quencies (e.g. Ref (741). Foundational work with owls 
and bats has shown that frequencies between approxi• 
mately three and eight kHz are crncial for passive sound 
localization accuracy [38,75). In fact, a reoent laboratory 
study demonstrated that gleaning bats avoided hunting in 
areAs with played back road noise that contained energy 
within this spectral hand ((741; Box 4). 

Adap1ing to a louder world 
Animals have been under constant selective pressure to 
distinguish pertinent sounds from background noi~e. Two 

Box 4. Eff~s of 11ooustic masking on acoustlcany epeclallzed predatore 

Laborate>ry woJI< hes demonstrated that gleaning bets twhe> use prey
generated sound& 10 capture terrestrial prBy; Figura la) avoid noi,o 
when foraging !Figure lb). Interestingly, trearrogs, a favorite prey of 
some neotropical gleaning bats, «>nd to call from sites wtth high 
ambient noise levels (primarily from waterfall$) and bau prefer trog 
calls plav,HI back In quieter locations {911, El(!inetion risk in b4t~ 
correlates with low wing aspect ratios (a high ce>st and lowwing•loading 
morpholo~vl, e trait that c,11 gle;,ning bll1'> sh,m11 (92). A. recent analy•is 
indiCllre$ lhat urbllnizalion most strongly impsels bats with th8se wing 
shapes (931, However. low wing aspe<:t r&tio is elro correlated wi1h 
habitat specialization. edge intolerance and low mobil ty (92,931, 
obscuring 1he linl(i; between e gleaning lrf8'Style. louder background 
sound levels and eKlinclion risk es utbani2ation ,educes available 
habi111t. fragm&nts landscapes and gena,~tes nolse cor,comit&otly. 

(e} 

A radio-tag study sl>owed that a gleaning bat, Myoris b6ahstsinii, 
was less likely to cross., roadway (three of 34 Individuals) lhan was 
a sympalric open-space foraging bat, Barbastella b:ubastelius (five 
out of six Individuals; [94)1. tmplicatlr,9 noise as a fragmenting 
agent for some bats. The latter spe<:ics hunts flying insects using 
echolocation Ian auditory behavior th&I us'" ultrasonic signals 
llbove 1he spectrum o1 <>nthropogenic nois&) (941. Similar finding& 
suggest a(;oust;c.ally mediated forage,.s are 31 risk: terrest,iat 
insectivores ware the only avian t1cological guild to avo· d roa:d 
construction in the Amazon 1951 and human-altered land,capes 
hmittJd provisioning rates or saw-whet -Owls (961. Thet these 
animals plausibly raly on sound for hunting might not be 
coincidental. 

(b) 

60,--------------------, 

•• 

SIience Traffic Veg. 

F!.gure I. Gte.aning b11a avoid hunting fn noise. The Pillid bat, Anrrozou.a p.tridu:. fat retiH upon pnr,-9ener61N movement sound5 10 toc.alizt its 1eue-,ui,el pr$",'. Recenc 
work demonal,etu that im()lh•r gfHnio9 baL lht groate~ 01oua-o-eared bet, MroU, mrorls~ a'voldt for•g'flg in ooiH i74J. {b, A lebor&tory lW'O•C()tl\1)8'1m.)tit <:tiolo 
~,11H111"im,mt dloMJd th■t thb. b&1 pr,&f.,,e-d to forttte in 11-,t <:omp1t11'ltr1\ with pllityed,becl 11:ikl:nu: vettut tha comparunea:nt wi1~ pleyed-bad: t,effi(;. wind-'blowt\ 
Ve{lat.ation or white ni:r aa. This patt(:itn held tru.i i.•Jhothc:, 1he porcentago of tlight liR)Q, ,ampartment eoter,no ,,..,en\$, the first 2~ nptures p&f s-ess;on or over41II t&pture 
pe,c:ientege we,e ~ompared acros~ silent ;and nOiS$ pJil\fbact comparmuints. A-sterlks lndklate the ,♦so1ts of post repeated-measure ANOVA. paired t•tests I .. P< 0.01. 
•P<0.05, N,.7 bal!i), The differences bel'w:e,$n noise, ty~s: (traff.c. wget.ltiior, <Jnd -wh1t11 noi~ ) p robabl)' reflect incr\1'as<rd spocual ove<fap betv.-een pray -generBted 
mov.ement sounds tnd the tpec:trel profile of 1he noisEs. fws>rodvo&d with Pffr'ni$$iOn ltom S«i:tt Altenbath (a, and Ret. 1741 lbl. 

166 



•;iii§'·■ 
Box 6. Outstanding qu&Stions 

• Multiple s111dles wi1h birds have demonstrated sigMI shifts in 
anthropogenic noise that does not substantially overlap in 
frequency with lhe birds' soog (4-7,721. To wh~t extent does low
lreq11<(10CY ,onthropogenic noise iohibit perception of high$r 
freQuency signal6? Mammals appear more prone to the 'upward 
spread' of masking than do birds 185,97). Noise commonly 
elevates low frt1Quencv ambient sound le>1els by 40 dB or mo,.,, 
so small amounts of spectre! 'leakage' can be si9nilicant. 
Laboratory ~tudiet shc>ulr:t be cc>mplim~Med by field studies that 
<:an id-,ntily the pC>tential 1c>r inlormalic>nal or attenlic>nal effects 
(98). Thi• work should use anthropogenic nois<> profiles end not 
rely on artificial white noise as a surrogate. Furthtrfrmore:, we 
suggest th.at future studies measure or model sound levels (bc>lh 
sign&! and background) at the pc>sition of the animal re~ivor 
(&ansu Ret. (23)J. 

• What roles do behavioral and cognilive mas~ing release me<:han
isms (8S) h8ve in modifying the capacity offree•ran9in9 animal• lo 
detect and identify signilieant $Ou11ds? Only one study h&$ 
examined the ma•ked hearing lhreshold& of natu1al v<><:al signals 
in anthropogenic noise 197). This work found that thresholds for 
discrimination belween cells of the same bird species were 
consistently higher than were detectloo thresholds tor the semt 
calls 197). This highlights the lack ol knowledge concerning top-

examples include penguin communication systems being 
shaped by wind and colony noise 1761 and frog systems 
driven to ultrasonic frequencies by stream noise (77). A 
meta-analysis of the aooustic adaptation hypothesis for 
birdsong (the idea that signals are adapted to maximize 
propagation Lhrough th.e local habitat) found only weak 
evidence for this claim (78). Physiological constraints and 
selective forces from eavesdropping could explain this 
weak relationship (781, in addition to variation of noise 
profiles across nominally similar habitat types (e.g. insect 
noise, (79)). 

Phenotypic plasticity enables one adaptation to anthro• 
pogenic noise. The open-ended song learning documented 
in great tits, Parus major helps explain Lhe consistent song 
shifts observed in all ten comparisons between urban and 
rural populations (72). Contempol'al'y evolution (fewer 
than a few hundred generations) has now been quantified 
in several sy6tems (801 and we might. anticipate similar 
miCToevolutiorutry changes in many species with rapid 
generation times that consistently experience acoustical 
environments dominat.ed by noise, particularly in increas• 
ingly fragmented landscapes. 

Perhaps the greatest predictors of the ability of a given 
species to succeed in a loudi>.r world will be the dcgroc of 
temporal .ind spectral overlap of biologically crucial signals 
with anthropogenic noise {Figure 1), and their flexibility to 
compensate with othet' sensory modalities(e.g. vision) when 
auditory cues are masked. Given known sensory biases in 
)eaming (811, many animals will be constrained in their 
ability to shift fr<lm acoustical inputs to other sensory cues 
for dynamic control of complex behavioral sequences. 

Conclusions and re4:ommendations 
The constraints on signal reception imposed by back
ground sound level have a long history of being researched 
in bioacoustics, and it is increasingly clear that these 
t:onstraints underlie crucial issues for conservation 
biology. Questions have been raised about the value of 
behavioral studies for conservation practice (for a review 

Trends m Ecology and Evolution \lol.25 No.3 

down cc,gnidve c0ns1raln1s on signal processing in noise. Can 
noise dlvloe anentlon and reduce task accuracy by forcing lhe 
processing of multiple s!Teams of auditi:>rv information simulta· 
neouslv l99)1 

• Do animals exploit 1he temporal psnerning of anthropogenic noise 
pc>llution (see Rel. l<lll? Alternacivt11y. whet constitutes a chronic 
exposuNt and how do~s this very in relation 10 dial sctivity 
schedules? 

• Does noise amplify the bsr,ier effects ol lregmeoting agents. such 
as roads (94, 10017 

• Whal routes (exapteciot>, behavioral compensation, phene>typic 
plesticity (Ind/or contemporary evolutlonl lead 10 suoeesslol 
tolerartCG of loud environments7 

• Wh~t rol& does eudition have In vigilance behaviors? Are viso~lly 
madleted predstors at an advantage in loud ';tnvironments when 
prey animals rely upc>n ecouslical pred8\or dete,r,:tioo? 

• Oo animals directly perceive background sound lev~ as a habiti11 
cha1acterislic relaled to predation risk? A noise increese of 3 d8(Al 
is often identified as 'jusl perceptible' for humans. and en increase 
of IO dB(A) as a doubling of perceived loudness. These correspond 
ta 30% and 90% reduction& in alerting distance. respeelively. Do 
organism& assess reduced alerting di9tance l>v monitoring other 
acouslicel signals 7 

see Ref (82J), but ethologkfll studies of auditory awareness 
and the consequences of degraded listening opportunities 
nre essential to understanding the mechanisms underlying 
ecological responses to anth1·opogenic noise (Box 5). These 
studies are more challenging to execute than observation of 
salient behavioral responses to a.cute noise events, bnt they 
offer opportunities to explore fundamental questions 
regarding auditory perception in natural and disturbed 
contexts. 

Chronic noise exposure is widespi-ead. Taken individu
ally, many of the papers cited her!! offer sugges:tive hut 
inconclusive evidence that masking is substantially alter• 
ing many ecosystems. Taken collectivt!ly, the preponder
ance of evidence a1'gUes for immediate action to manage 
noise in protected natul'al areas. Advances in instrnmen• 
tation and methods are needed to expand research and 
monitoring capabilities. Explicit experimental manipula• 
tions should beoome an integral part of fulure adaptive 
management plans to decisively identify the moat effective 
and efficient methods that reconcile human activities with 
re.source management objectiv.,s (831. 

The costs of noise must be understood in rel.1tion to other 
anthropogenic forces, to ensure effective mitigation and 
efficient realization of environmental goals. Noise pollution 
exacerhates the problems posed by habitat fragmentation 
and wildlife responses to humon presence; therefore, highly 
fragmented or heavily visited locations arc priority candi• 
dates for noise management. Noise management might also 
offer a relatively rapid tool to improve the resilience of 
protected lands to some of the stresses imposed by climate 
change. Shuttle buses and other specialized mass transit 
systems, such as those used at Zion and Denali r\'ational 
Parks, offer promising altematives for visitor access that 
enable resource managers to exert better control over the 
timing, spatial distribution, and intensity of both noise and 
hwnan disturbance. Quieting protected areas is a prudent 
precaution in thn face of sweeping environmental changes, 
and a powerful effirmation of the wilderness values th.at 
inspired their crt>ation. 
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The Effects of Noise on Wildlife 
Research prepared by Meghan C. Sadlowski, Environmental Scientist, 

Division of Migratory Bird Management, US Fish & Wildlife Service 

Noise standards for wind turbines developed by countries such as Sweden and New 
Zealand and some specific site level standards implemented in the U.S. focus primarily 
on sleep disturbance and annoyance to humans. However noise standards do not 
generally exist for wildlife, except in a few instances where federally listed species may 
be impacted. Findings from recent research dearly indicate the need to better address 
noise-wildlife issues. As such, noise impacts to wildlife should clearly be included as a 
factor in wind turbine siting, construction and operation. Some of the key issues include 
1) how wind facilities affect background noise levels; 2) how and what fragmentation, 
including acoustical fragmentation, occurs especially to species sensitive to habitat 
fragmentation; 3) comparison of turbine noise levels at lower valley sites -where it may 
be quieter -to turbines placed on ridge lines above rolling terrain where significant 
topographic sound shadowing can occur having the potential to signlflcantly elevate 
sound levels above ambient conditions; and 4) correction and accounting of a 15 decibel 
(dB) underestimate from daytime wind turbine noise readings used to estimate 
nighttime turbine noise levels (e.g. van den Berg 2004, J. Barber Colorado State Univ. 
and National Park Service pers. comm., K. Fristrap National Park Service pers. comm.). 

Turbine blades at normal operating speeds can generate significant levels of noise. 
Based on a propagation model of an industrial-scale 1.5 MW wind turbine at 263 ft hub 
height, positioned approximately 1,000 ft apart from neighboring turbines, the following 
decibel levels were determined for peak sound production. At a distance 300 ft from the 
blades, 45-50 dBA were detected; at 2,000 ft, 40 dBA; and at 1 mi, 30-35 d8A (Kaliski 
2009). Declines in densities of wood land and grassland bird species have been shown to 
occur at noise thresholds between 45 and 48 dB, respectively; while the most sensitive 
woodland and grassland species showed declines between 35 and 43 dB, respectively. 
Songbirds specifically appear to be sensitive to very low sound levels equivalent to those 
in a library reading room (~30 d8A)1 (Foreman and Alexander 1998). Given this 
knowledge, it is possible that effects to sensitive species may be occurring at ~ 1 mile 
from the center of a wind facility at periods of peak sound production. 

Noise does not have to be loud to have negative effects. Very low frequency sounds 
including infrasound are also being investigated for their possible effects on both 
humans and wildlife. Wind turbine noise results in a high infrasound component (Salt 
and Hullar 2010). lnfrasound is inaudible to the human ear but this unheard sound can 
cause human annoyance, sensitivity, disturbance, and disorientation (Renewable Energy 
World 2010). For birds, bats, and other wildlife, the effects may be more profound. 
Noise from traffic, wind and operating turbine blades produce low frequency sounds(< 
1-2 kHz; Dooling 2002, Lohr et al. 2003). Bird vocalizations are generally within the 2-5 
kHz frequency range (Dooling and Popper 2007) and birds hear best between 1-5 kHz 
(Dooling 2002~. Although traffic noise generally falls below the frequency of bird 
communication and hearing, several studies have documented that traffic noise can 
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have significant negative impacts on bird behavior, communication, and ultimately on 
avian health and survival (e.g., Lohr et al. 2003, Lengagne 2008, Barber et al. 2010). 
Whether these effects are attributable to infrasound effects or to a combination of 
other noise factors is not yet folly understood. However, given that wind-generated 
noise including blade turbine noise produces a fairly persistent, low frequency sound 
similar to that generated by traffic noise (Lohr et al. 2003: Dooling 2002), it is plausible 
that wildlife effects from these two sound sources could be similar. 

A bird's inability to detect turbine noise at close range may also be problematic. For 
the average bird in a signal frequency of 1-4 kHz, noise must be 24-30 dB above the 
ambient noise level in order for a bird to detect it. As noted above, turbine blade and 
wind noise frequencies generally fall below the optimal hearing frequency of birds. 
Additionally, by the inverse square law the sound pressure level decreases by 6 dB with 
every doubling of distance. Therefore, although the sound level of the blade may be 
significantly above the ambient wind noise level and detectable by birds at the source, 
as the distance from the source increases and the blade noise level decreases toward 
the ambient wind noise level, a bird may lose its ability to detect the blade and risk 
colliding with the moving blade. A bird approaching a moving blade under high wind 
conditions may be unable to see the blade due to motion smear, and may not hear the 
blade until it is very dose - if it is able to hear it at all (Dooling 2002). Another concern 
involves the effect of ambient noise on communication distance and an animal's ability 
to detect calls. For effects to birds, this can mean 1) behavioral and/or physiological 
effects, 2) damage to hearing from acoustic over-exposure, and 3) masking of 
communication signals and other biologically relevant sounds (Dooling and Popper 
2007}. Of the 49 bird species whose behavioral audibility curves and/or physiological 
recordings have been determined, Dooling and Popper (2007) developed a conceptual 
model for estimating the masking effects of noise on birds. Based on the distance 
between birds and the spectrum level, hird communication was predicted to be "at risk" 
(e.g., at ~ 755 ft distance where noise was 20 dB), "difficult" (.e.g., at ~755 ft where 
noise was 25 dB) and "impossible" (e.g., at ~755 ft where noise was 30 d8). While clearly 
there is variation between species and there is no single noise level where one- size-fits· 
all, this masking effect of turbine olades is of concern and should be considered as part 
of the cumulative impacts analysis of a wind facility on wildlife. It must be recognized 
that noise in the frequency region of avian vocalizations will be most effective in 
masking these vocalizations (Dooling 2007). 

Barber et al. (2010) assessed the threats of chronic noise exposure, focusing on 
grouse communication calls, urban bird calls, and other songbird communications. They 
determined that while some birds were able to shift their vocalizations to reduce the 
masking effects of noise, when shifts did not occur or were insignificant, masking could 
prove detrimental to the health and survival of wildlife (Barber et al. 2010}. Although 
much is still unknown in the real world about the masking effects of noise on wildlife, 
the results of a physical model analyzing the impacts of transportation noise on the 
listening area2 of animals resulted in some significant findings. With a noise increase of 

2 
The li~tening.r.-ea is the actiVE- space of vocalization in which anirnals st>ar~h for sounds !Bar~, etal. 2010). 



just 3 dB - a noise level indentified as "just perceptible to humans'' - this increase 

corresponded to a 50% loss of listening area for wildlife (Barber et al. 2010). Other data 
suggest noise increases of 3 dB to 10 dB correspond to 30% to 90% reductions in 
alerting distances3 for wildlife, respectively (Barber et al. 2010). Impacts of noise could 
thus be putting species at risk by Impairing signaling and listening capabilities necessary 
for successful communication and survival. 

Swaddle and Page (2007) tested the effects of environmental noise on pair 
preference selection of Zebra Finches. They noted a significant decrease in females' 
preference for their pair-bonded males under high environmental noise conditions. 
Bayne et al. (2008) found that areas near noiseless energy facilities had a total passerine 
density 1.5 times greater than areas near noise-producing energy facilities. Specifically, 
White-throated Sparrows, Yellow-rumped Warblers, and Red-eyed Vireos were less 
dense in noisy areas. Habib et al. (2007) found a significant reduction in Ovenbird 
pairing success at compressor sites (averaging 77% success) compared to noiseless well 
pads (92%). Quinn et al. {2006) found that noise increases perceived predation risk in 
Chaffinches, leading to increased vigilance and reduced food intake rates, a behavior 
which could over time result in reduced fitness. Francis et al. (2009) showed that noise 
alone reduced nesting species richness and led to a different composition of avian 
communities. While they found that noise disturbance ranged from positive to negative, 
responses were predominately negative. 

Schaub et al. (2008} investigated the Influence of background noise on the foraging 
efficiency and foraging success of the greater mouse-eared bat, a model selected 
because it represents an especially vulnerable group of gleaning bats that rely on their 
capability to listen for prey rustling sounds to locate food. Their study clearly found that 
traffic noise, and other sources of intense, broadband noise deterred bats from foraging 
in areas where these noise were present presumably because these sounds masked 
relevant sounds or echos the bats use to locate food. 

Although there are few studies specifically focused on the noise effects of wind 
energy facilities on birds, bats and other wildlife, scientific evidence regarding the 
effects of other noise sources is widely documented. The results show, as documented 
in various examples above, that varying sources and levels noise can affect both the 
sending and receiving of Important acoustic signaling and sounds. This also can cause 
behavioral modifications in certain species of birds and bats such as decreased foraging 
and mating success and overall avoidance of noisy areas. The inaudible frequencies of 
sound may also have negative impacts to wildlife. Given the mounting evidence 
regarding the negative impacts of noise - specifically low frequency levels of noise such 
as those created by wind turbines on birds, bats and other wildlife, it is important to 
take precautionary measures to ensure that noise impacts at wind facilities are 
thoroughly investigated prior to development. Noise impacts to wildlife must be 
considered during the landscape site evaluation and construction processes. As research 
specific to noise effects from wind turbines further evolves these findings should be 
utilized to develop technologies and measures to further minimize noise impacts to 
wildlife. 

3 
The alerting distance is the maximum distance at w hich a signal can be heard by an animal and is particularly 

important for detecting threats (Sarber et al. 2010}. 
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SWAINSON'S HAWK NESTING POPULATION 
IN THE ANTELOPE VALLEY OF THE WESTERN 
MOJAVE DESERT) CALIFORNIA 
PETER H. BLOOM, RAINEY G. BARTON, and MICHAEL J. KUEHN, Bloom 
Research [nc.,1361 l Hewes Avenue, Santa Ana, California 92705; petebloom@ 
bloomresearch.org 

ABSTRACT: The Swainson's Hawk (Buteo .swainsoni) has a long history of 
breeding in California, but a severe decline in the statewide breeding population 
was identified in 1979, when in all of southern California only two pairs were found, 
one in th.e Antelope Valley of the western Mojave Desert. That area was little studied 
until we began banding Swainson's Hawks there in 1997. Over 20 breeding seasons 
between 1979and 2022, we documented in the Antelope Valley 124 attempts to nest, 
in which the mean clutch and brood sizes were 2.49 and 2.37, respectively. From 
2004 through 2006, we observed two to four breeding pairs annually; from 2009 
through 2022, three to 14 breeding pairs. The rate of success of the 91 nests revisited 
to determine if any young fledged was 64%. Nest trees consisted of 81 . 5% non-native 
species, 13.7% native species, including Joshua trees (Yucca bre11/folia), and 4.8% 
unidentified deciduous trees. Between 1997 and 2022, in 50 nests, we recorded 170 
vertebrate prey items, of which 90 were gophers (Thomomys bottae). Though the 
Antelope Valley population has grown since 1980, its nesting and foraging habitat 
now face multiple threats. To conserve occupied nesting territories, we recommend 
creation of nesting and foraging habitat reserves that include both native desert and 
cultivated nlfalfa close to existing conserved land. 

Swainson's Hawk (Buteo swainsoni) breeds throughout the wide-open 
spaces of western North America, spending six months on the breeding 
grounds and six months migrating or wintering, mostly in Argentina (Brown 
and Amadon 1968, Bechard et al. 2020), though recently it has begun winter
ing ( short stopping) in western Mexico ( Airola et al. 2019). The occurrence of 
Swainson's Hawk in southern California, and specifically Los Angeles County, 
dates back to the Pleistocene (Stock 1930). There is considerable historical 
evidence of a large coastal southern California breeding population that ex
tended south into northern Baja California, potentially as far as Ensenada de 
Todos Santos, Baja California (Bent 1937). From museum records, between 
1880 and 1933, 132 Swainson's Hawk egg sets were collected in California, 20 
of them in cismontane Los Angeles County (Bloom 1980). In their overview 
of California birds, Grinnell and Miller {1944) were the first to report the 
statewide reduction in the number and breeding distribution of Swainson's 
Hawk From about 1940 to 1979, California experienced an estimated 91 % de
cline in its breedinfi population with nearly complete extirpation of breeding 
pairs below the 3611 parallel, essentially all southern California (Bloom 1980). 

Prior to the 1979 survey, the last known attempts of Swainson's Hawk to 
nest in southern California were in 1933, when Ed N. Harrison collected three 
sets of eggs in northwestern San Diego County (WFVZ. Western Foundation 
of Vertebrate Zoology; https:/ /collections.wfvz.org/; EN 173347, EN- J 73348, 
EN-173349), 1939, when James B. Dixon took a set of eggs near Adelanto, San 
Bernardino County {WFVZ EN-29168), and 1946, when Sidney B. Peyton 
collected a set of eggs near Adelanto (WFVZ EN-82220; Bloom 1980). 
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The Antelope Valley of northern Los Angeles and southern Kern counties 
has a long history of documentation of Swainson's Hawks, beginning with 
28 specimens, mostly adults, collected during the breeding season between 
7 July 1904 and l April 1931 near Neenach, Lancaster, or Palmdale {MCZ, 
Museum of Comparative Zoology, Harvard University, http://digir.mcz. 
harvard.edu/ipt/resource?r::::mczbasc; WFVZ, https://collections.wfvz.org/; 
MVZ, Museum of Vertebrate Zoology, https://arctos.database.museum/ 
SpecimenSearch.cfm?guid_prefix=MVZ%3ABird). Of the two nests from 
which eggs were collected near Palmdale, one was in a "yucca palm," pre
sumably a Joshua tree (Yucca bre\•ifolia). More evidence of nesting in the 
Mojave Desert just to the east in San Bernardino County includes fhre nests 
in the vicinity of Victorville between 1916 and 1946, four of which were in 
Joshua trees (Bloom 1980). No observations of nesting Swainson's Hawks 
were confirmed in the Antelope Valley between 1931 and 1978 (K. Garrett 
pers. comm., Bloom 1980). 

Concern over Swainson's Hawk's statewide decline prompted surveys 
in 1978 and 1979. These revealed only two nesting territories remaining in 
southern California, one northeast of Lancaster in the eastern portion of the 
Antelope Valley (K. Garrett pers. comm.) and one near Cima in eastern San 
Bernardino County (E. A. Cardiff pers. comm., Bloom 1980; Figure I). In 
both years, the attempts in the Antelope Valley failed during nest building or 
incubation, and no active nests were found in 1980 (K. Garrett pers. comm.). 
The territory 11ear Cima was inactive whenever visiled over multiple years 
from 1981 to 2022. Although there were museum specimens and observa
tions from the Antelope Valley over the 17 years following 1979, Swainson's 
Hawk was not confirmed nesting there again until 1997, when we began our 
efforts at banding. 

Since at least 1979 (Bloom 1980), the Antelope Valley Swainson's Hawk 
population has been relatively isolated from other breeding pairs but has 
become less isolated over the last 10 years (Bloom unpubl. data). The closest 
known active nesting territories found in the last 10 years include 11 from 
40 to 70 km north of the western end of the Antelope Valley in the vicinity 
of Bakersfield, Bealville, and Caliente, Kem County (observed in 2016, 2018, 
and 2020; Bloom unpubl. data), one 5.5 km south of Owens Dry Lake near 
Olancha, Inyo County (observed in 2015, 2016, and 2021; Bloom unpubl. 
data), and one isolated nesting territory approximately 130 km south of the 
Antelope Valley at Naval Weapons Station Seal Beach, Orange County (ob
served in 2019, 2020, 2021, and 2022; R.S. Winkleman pers.comm; Figure I). 

Here we detaH the history, ecology, productivity, and diet of Swainson's 
Hawks nesting in the Antelope Valley, on the basis of intermittent surveys 
and banding of nestlings and adults from 1979 to 2022 (Figure l ). 

STUDY AREA 

If the surrounding native desert habitats and fragments of native habitat 
remaining on the valley floor are representative of what occurred histori· 
cally, prior to the advent of agriculture, the Antelope Valley was dominated 
by Joshua tree woodland, creosote bush (Larrea tridentata), burrow-weed 
(Ambrosia dumosa), rabbitbru!;h (Eric:ameria spp.), and sa1tbrush (Atriplex 
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F1GuRB 1. Antelope Valley Swainson's Hawk nesting locations and study area (1979-
2022), Kern and Los Angeles counties, California. Gray shading, the study area; black 
triangles, 1978-1979 nest locations {K. Garrett pers. comm,, Bloom 1980); black dots, 
all California nest locations outside of the study area ( Calif. Dept. Fish and Wildlife 
data); white dots, Antelope Valley nest locations, 1997-2022. 

spp.). Joshua trees were Jikely the principal sites of Swainson's Hawk nests 
in the Antelope Valley in the early 20th century before thousands of hectares 
of native desert habitats were removed and replaced with alfalfa, a <:rop that 
supports abundant vertebrate prey and in which Swainson's Hawk forages 
regularly throughout California {Bloom 1980, unpubl. data, Woodbridge 
1991, Babcock 1995, Briggs et al. 2011). As the loca] groundwater basin has 
been depleted (l,os Angeles County Waterworks District No, 40 v. Diamond 
Farming Co.; Antelope Valley Groundwater Cases 2020), fallow alfalfa fields 
have become the dominant habitat. While the maximum number of hectares 
under alfalfa cultivation in the early to mid- 1900s is unknown, from 1948 
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to 1988 the number of hectares of alfalfa in the Antelope Valley fell from ap
proximately 25,000 to 4000 (Templin et al. 1995). By 2021 we estimate active 
alfalfa to have decreased further, to 2000 hectares. 

As of 2022, solar-energy facilities, residential development, and wind 
farms have expanded over much of the Antelope Valley, now occupying 
former native desert and agricultural land. 

METHODS 

The 1979 Swainson's Hawk survey of the Antelope Valley was part of a 
California statewide effort focused on the species' nesting habitat. These 
"windshield" surveys entailed driving at 40 to 48 km/hour with periodic 
stops to survey potential nesting habitat (Bloom 1980). We followed the same 
procedures in more recent years. The objective was to locate all nesting ter
ritories to identify and locate any population decline. Binoculars and a 25- to 
60-power spotting scope were used to search for hawks and confirm active 
nests. Five days in May 1979 were dedicated to the Antelope Valley floor from 
300th Street West east to 170th Street East, and from Willow Springs in the 
north to Palmdale in the south, excluding Edwards Air Force Base. The same 
area was surveyed again in 1980, 1997, 1998, 2016, 2018, and 2020, when we 
attempted censuses of the population. Targeted surveys of known nesting 
territories, with limited searching for new territories, were conducted from 
2004 through 2006, 2009 through 2015, and in 2017, 2019, 2021, and 2022. 

We define an active nest as one newly built or recently added to, with 
adults present on the nest and or defending it, or with eggs or young pres
ent. Upon finding an active Swainson's Hawk nest, we climbed the nest tree 
to band young, collect unhatched eggs, and identify prey remains. Bloom 
identified prey from whole and partial carcasses, feathers, tails, claws, skulls, 
mandibles, and other skeletal remains and teeth in the nest. No prey remains 
were brought into the lab for identification; all were left at the nest. Trees 
were climbed only once to reduce disturbance and potential predation by 
the bobcat (Lynx rufus; Bloom 1974). We recorded each nest's location (Fig
ure l ), date, number of young, success, supporting tree, and, if the nest was 
entered, prey species and dutch size. We considered a nest successful if at least 
one young fledged. We considered a chick to have fledged if it was at least 
three-quarters grown (5.5 weeks old) during the final observation (Steenhof 
1987}. Chicks older than 2.5 weeks were banded with U.S. Geological Survey 
aluminum bands and beginning in 2011 were also banded with alphanumeric 
color bands. Addled eggs were deposited at the WFVZ. 

RESULTS 

Current Population Status 

After 1980, the population of Swainson's Hawk in the Antelope Valley 
began to increase and spread, in both native desert and agricultural areas. 
From 1995 to 1999 breeding was probable or confirmed in the Antelope 
Valley in four blocks defined for the Los Angeles County breeding bird atlas 
(Allen et al. 2016). Five pairs may have been present in the Antelope Valley 
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in 2005. Our highest count of active territories was 14 in 2021, of which three 
successfully fledged young, two failed with chicks in the nest, and nine failed 
prior to confirmation of hatching. In five other years from 2015 to 2022 we 
located 9 to 11 active nests (Table l). 

Nesting Ecology 
From 1979 to 2022 we documented 124 nest attempts. Of these, 22 failed 

prior to egg laying or without egg laying being confirmed. In the remaining 
102 nests, which contained at least one egg. if not also young, the average 
clutch size was 2.49 eggs (SE= 0.08). In the 99 nests that contained at least one 
young the average brood size was 2.37 chides (SE = 0.08; Table I). For the 91 
nests revisited to determine if any young fledged, the rate of success ranged 
from 0% in 1979 and 2017 to 100% in 1997, 1998, 2004 through 2006, and in 
2009 and 2010, averaging 64.4% across all years. A minimum of 126 young 
were fledged from 54 nests over the 20-year study period (Table 1). However, 
we did not revisit all nests to determine if young had fledged. Between 199 l 
and 2022, 198 young were banded, of which 124 received auxiliary bands 
with an alphanumeric code. 

TABL£ 1 Annual Nest Success and Size of Clutch and Brood for Swainson's 
Hawk Nests in the Antelope Valley, California, 1979- 2022 

Percent 
Year Nests0 Chicks banded successful" Mean dutch size' Mean hrood size 

1979 I 0 0 
1997 2 6 100 3 3 
1998 3 6 100 3.33 3.33 
2004 2 3 100 1.5 1.5 
2005 4 l1 100 2.75 2.75 
2006 4 7 100 3.25 2.75 
2009 6 16 100 3 2.83 
2010 5 13 100 3.2 2.6 
2011 8 20 75 3.29 3 
2012 6 7 50 1.75 1.75 
2013 6 3 50 2 1.6 
2014 5 8 50 2.2 2 
2015 10 21 80 2.89 2.78 
2016 6 9 40 2 1.83 
2017 9 17 0 2.5 2.25 
2018 11 16 so 2.25 2.25 
2019 3 1 33.3 2 2 
2020 9 21 88.9 2.67 2.33 
202} 14 5 21.4 1.4 1.4 
2022 JO 8 so 1.89 1.44 
Mean 198 64.4 2.49 2.37 
SE 0.08 0.08 

•Number of activt nests observed. 
6Nests which had young ~S.S weeks old at the time of the la.st observation. 
'Not all nests which fail~d prior to young being observed were examined for the presence of eggs. 
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Trees supporting Swainson's Hawk nests were largely non-native species 
(81.5%, n = 101), including elm (Ulmus spp., 43 nesting attempts), Aleppo 
pine (Pinus halepensis, 32), black locust (Robinia pseudoacacia, 10), tamarisk 
(Tamarix spp., 11), and Arizona cypress ( Cupressus arizonica, 5). Native trees 
constituted 13.7% (n = 17) of the 124 observed nesting attempts, which in
cluded eight attempts in Joshua trees, six in Fremont cottonwoods (Populus 
fremontii), two in willows (Salix spp.}, and one in a California juniper Uu
niperus californica). An additional six nest trees (4.8%), most of which have 
either died or have been removed, were documented as deciduous without 
being identified to species. Figures 2 and 3 show examples of non-native and 
native trees in which Swainson's Hawks nested and the surrounding habitat. 

Diet and Feeding Ecology 

Between 1979 and 2022 we recorded the remains of 170 prey observed in 
50 Swainson's Hawk nests, identified to the lowest taxonomic level allowable 
(Table 2). Observed prey consisted entirely of vertebrates and almost entirely 
of rodents (82.9%, n = 141 ). Birds represented 7.1% (n = 12) of the total prey 
items, followed by reptiles ( 6.5%, n = l 1) and amphibians (3.5%, n = 6). Of 
the 170 items observed, Botta's pocket gopher (Thomomys bottae} was the 
dominant prey, found in 23 nests. The California vole (Microtus californicus) 
and California ground squirrel (Otospermophilus beecheyi) were the next 
most common prey, observed in lO and five nests, respectively. 

FIGURE 2. Swainson's Hawk nest in elm tree and adjacent alfalfa fields in the Antelope 
Valley, Los Angeles County, California, July 2020. 

Photo by Peter H. Bloom 
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FIGURE 3. Swainson's Hawk. nest in Joshua tree in native desert in the Antelope Valley, 
Kem County, California, November 2021. 

Photo by Kerry G. Ross 
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DISCUSSION 

Population and Distribution 

Except for the isolated territory near Olancha, Inyo County, the substantial 
increase in the Antelope Valley population is the only change in the nesting 
distribution ofSwainson'sHawkin the Mojave Desert since the 1979 statewide 
survey that led to the species being listed as threatened. While California's 
entire Mojave Desert has not been systematically surveyed for nesting Swain
son's Hawks, much of the known nesting habitat (Joshua tree woodland) has 
been examined repeatedly over the decades, and hundreds of Red-tailed 
Hawk (Buteo jamaicensis), Great Horned Owl (Bubo virginianus), and Com
mon Raven ( Corvus corax) nests have been identified and their young banded 
(.Bloom unpubl. data). In addition, no nests ofSwainson's Hawk in areas of 
the Mojave Desert outside of the Antelope Valley have been reported to us 
or through https.eBird.org, www.iNaturalist.org, or the California Natural 
Diversity Data Base (htlps://map.dfg.ca.gov/rarefind/view/RareFind.aspx, 
accessed 3 Apr 2021}. 

Population increases documented in other portions of the species' range 
during this same period (Battistone et al. 2019, Furnas et al. 2022) were not 
taking place in the Mojave Desert outside of the Antelope Valley. As a nesting 
species, Swainson's Hawk may always have been less abundant in the Mojave 
Desert (Grinnell and Miller 1944) than west of the Tehachapi Mountains 
and Sierra Nevada. Given the extensive distribution of the Joshua tree (Munz 
1974), nesting is plausible anywhere the tree is found in California. Dawson 

TABLE 2 Prey Observed in Swainson's Hawk Nests in the Antelope Valley, 
California, 1979- 2022. 

Common name Scientific name Quantity Percent 

Botta's pocket gopher 111omomys bortae 90 52.9 
California vole Microtus caJifornicus 14 8.2 
California ground squirrel Otospermopltilus beecheyi 12 7.1 
Merriam's kangaroo rat Dipodomys merriami 9 5.3 
Desert cottontail Sylvilagus audubonii 8 4.7 
Unidentified snake 7 4.l 
Black• tailed jackrabbit Lepus caiifornirns 5 2.9 
Unidenti fled frog or toad 5 2.9 
Horned lark Eremophila alpesrris 4 2.4 
Unidentified rodent 3 1.8 
Eurasian Collared Dove Streptopelia ,-lecaocto 2 1.2 
Western whiptail Aspidoscelis tigris 2 1.2 
Unidentified passerine 2 1.2 
Western Meadowlark Sturnella negiecta l 0.6 
Brewer's Blackbird Euphagus cyanocephalus 1 0.6 
Barn Owl Tytoalba I 0.6 
Domestic poultry Gallus spp. I 0.6 
Desert horned lizard Phr.vnosoma platyrhinos I 0.6 
Western toad A11axyrus boreas I 0.6 
Unidentified lizard I 0.6 
Total 170 100 
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( 1923) referred to Swainson's Hawk as "less common on the south-eastern 
deserts" (probably referring to the Colorado Desert) and included a photo 
of a nest in a Joshua tree in the Mojave Desert, as did Bent (1937). Grinnell 
and Miller (1944) referred to it as "apparently scarce in summer on Colo
rado and Mojave Deserts; but known to nest near Cima, San Bernardino 
County:· While the historic distribution of nesting Swainson's Hawks in the 
Mojave Desert was widely dispersed around the Antelope Valley, Olancha, 
Adelanto, Victorville, and Cima, the core nesting population is now found 
in the Antelope Valley. 

Four decades have elapsed since the 1979 survey of the Antelope Valley, 
and the population has experienced a 14-fold increase. The ultimate cause of 
the increase in the Antelope Valley and Central Valley (Battistone et al. 2019) 
is unknown since no active management was undertaken in the preceding 
decades. However, the Central Valley population was recognized as the core 
state population and reproductively healthy. Whether the increase in Ante
lope Valley nesting pairs was a product of local reproduction or immigra
tion is unknown. Equally puzzling is why so little breeding has extended to 
southern California counties except in the Antelope Valley. Given the species' 
propensity for short-distance dispersal (Woodbridge et al. 1995), all or the 
majority of adults breeding in the Antelope Valley likely fledged from nests in 
the Antelope Va1ley. However, occasional long-distance dispersers are known 
and could have originated from the core population in the Central Valley or 
a state other than California (Bloom unpubl.). The species· typically short 
distance of natal dispersal may have contributed to the growing population's 
failure to spread widely in southern California. 

Nesting Ecology 
Although our sample size was relatively small (124 nests), the combined 

annual reproductive performance ofSwainson's Hawks in the Antelope Valley 
was like that reported elsewhere in California and western North America 
(Bloom 1980, Woodbridge et al. 1995, England et al. 1995). The species' 
clutches typically range from one to four eggsi average clutch sizes have been 
reported as 2.66 in Washington, 2.34 in Colorado, and 2.48 in New Mexico 
(Bechard et al. 2020). Similarly, Bloom (1980) reported an average clutch size 
of 2.58 and an average brood size of 2.27 for California nesting pairs. Our 
observed mean dutch size of 2.49 and mean brood size of2.37 are consistent 
with the results of other studies. Various studies throughout the western U.S. 
found that pairs were successful in 54.6% { Olendorff 1978), 65% (Woodbridge 
et al. 1995), 64.7% to 82.1 % (England et al. 1995}, 81.3% (Fitzner 1978), and 
89.5% (Bloom 1980) of reproductive attempts. The success rate of 64.4% in 
the Antelope Valley is consistent with these findings. However, this rate may 
be biased toward lower success, in part because of our not returning to all 
nest sites to confirm if young fledged and the assumption that young less 
than 5.5 weeks old at the time of the last observation did not successfully 
fledge. Thus our findings support the conclusion ofRisebrough et al. (1989} 
that in California organoclllorine pesticides were not a significant factor in 
the decline in the state's breeding population. 

Five mostly drought-tolerant species of exotic trees currently provide the 
majority of nest sites for Swainsoris Hawks in the Mojave Deserl (81.5%}, 
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while native Fremont cottonwoods, Joshua trees, California junipers, and 
willows provide nest substrates only occasionally (13.7%). 

Diet and Feeding Ecology 
In California (Bloom 1980, Woodbridge 1991) and throughout the west

ern United States (Andersen 1995, Bechard 1983, Gilmer and Stewart 1984), 
Swainson's Hawks have a strong preference for ground squirrels, gophers, and 
voles, We found the same to be true in the Antelope Valley where gophers, 
voles, and ground squirrels accounted for 68% (n = 116) of the prey observed 
in Swainson's Hawk nests. These rodents occur in both disturbed and native 
desert habitats in the Antelope Valley, but active alfalfa fields support the 
highest abundance of gophers and voles (pers. obs.). This observation is 
consistent with the high densities of gophers, mice, and voles in pastureland 
(including alfalfa) found in Washington by Bechard {1982) as well as Wood
bridge's (1991) finding of a high abundance of voles, ground squirrels, and 
gophers in alfalfa fields in northern California. One nest that we examined 
adjacent to alfalfa fields contained the remains of 59 gophers, four ground 
squirrels, one cottontail, and two jackrabbits. This nest successfully fledged 
four offspring and contained 38.8% (n = 66) of all prey items observed (n = 
170) and 65.6% of all gophers observed. We found Swainson's Hawk nests 
in native desert rarely to yield more than three prey items. In the Antelope 
Valley, reptiles such as the desert horned lizard (n = 1) and western whiptail 
{n = 2) are found almost exclusively in pristine native desert habitats, and 
our finding their remains in Swainson's Hawk nests suggest that despite the 
species' predilection for foraging in alfalfa fields when nesting in agricultural 
areas (Bloom 1980, Woodbridge 1991), adults also hunt in native habitats. 

Conservation and Future Studies 
While the population has grown in recent years, it is under increasing 

pressure from the conversion of nesting and foraging habitat to solar-energy 
facilities, residential housing, wind farms, and other development. These 
landscape-level changes in the Antelope Valley are incompatible with con
tinued Swainson's Hawk nesting and foraging. Along with the diminishing 
availability of water in the Mojave basin and climate change, these factors 
have cumulative and compounding effects, potentially setting the stage for a 
significant and rapid population decline. Creation of reserves dedicated to the 
conservation of both foraging and nesting habitat for nesting and migrating 
Swainson's Hawks in the Antelope Valley should include both native desert 
and alfalfa components and be located as dose to nesting territories and 
existing reserves as possible. 

The Antelope Valley's population of Swainson's Hawk has been under
studied in comparison to breeding populations elsewhere in California. A 
telemetry study involving adults equipped with GPS/GSM transmitters would 
provide considerable insight into how Mojave Desert Swainson's Hawks use 
their territories, which may include native desert, agricultural crops, solar 
fields, and windfarms, among other areas. Further, a telemetry study may 
allow for the customization of conservation areas, based upon movements of 
specific nesting pairs and known territory configurations. The population is 
small and may have heen reestablished hy the single pair found in 1978 and 
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1979. Therefore the species' strong philopatry and territory fidelity suggest 
that individuals may be closely related, a hypothesis to be tested with genetic 
studies. If conservation efforts are successful and this population continues 
to expand, it may serve as a source for recolonization of other regions of 
southern California in which Swainson's Hawks once nested. 
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Chapter 1 

Introduction 

1.1 Purpose 
The l,and Manager's Guide to Developing an bwa.!live 
Plant Management Plan (Guide) is intended to help natural 
resource managers develop a strategic, integrative, and 
adaptive invasive plant management plan (Plan) (figure 1). 
More importantly, this guide covers the prccus of invasive 
plant management planning, whether you a!'e developing a 
stand-alone Plan or integrating invasive plant management 

European beachgi·ass 
Amm01>liifa arenaria 

CREOIT: USFWS 

into other land management planning efl'om such as vegetation management, fire management, 
speciea/eeosyetem recovery planning, or climate change adaptation. The Guide is applicable at any scale, 
wherever invasive plants (terrestrial or aquatic) are a oonservation concern and where resources will be 
expended to prevent, reduce, or eliminate them. 

The Guide addresses topics oommon to many land management situations but also recognizes that 
each situation is unique given the diversity of environmental, legal, political, and other factors that can 
influence a site. Common const1·aints-such as limited staff or funds, site accessibility, spatial scale, 
sensitive resource concerns, and political or cultural issues-c.an impact whe,-e, when, and how we 
manage invasive plants .and are addressed 
throughout the Guide, as applicable. This Gulde Is 
not intended to prescribe specific methods oi· 
techniques for invasive plant prevention, control, or 
inventory/monitoring. Furthermore, it does not 
address specific policies or regulations, as these can 
differ according to the agencies or organizations 
involved. Rather, it guides the process of decision
making to meet site-specific needs and conditions. 

This Guide describes a step-w:ise process for 
developing and documenting an approach to 
managing invasive plants, and points to a wealth of 
freely available resources and examples. The intent 
is to help land managers develop effective Plans, 
even when management resources are limited and 
variable. Information in this Guide integrates and 
builds upon the best available information, including 
published and unpublished litet-ature, decision
support tools, expert opinion, and past invasive 
plant management or integrated pest management 
(1PM) planning guides (such as Olkowski and 
Olkowski 1983; Tu and Meyen;-Rice 2002; U.S. Fish 
and Wildlife Sei·vice (USFWS) 2004; IUCN 2018}. 

L~ Mdn.ig6l's Gvids to 0/Mloping a,i 
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This Guide helps land managers 
address these key questions: 

• Why is invasive plant management needed? 

• What are the desired outcomes
management objectives? 

• Which invasive plant species should be a 
management focus and where? 

• What is the status (distribution, abundance) 
of invasive plants? 

• What management strategies should be 
implemented? Who will implement? Where 
and when will they be implemented? Cost? 

• How will the effectiveness of strategies be 
evaluated? 

• What is the process for learning and 
adapting management strategies over time? 
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Figure 1. Strategic and adaptive invasive plant management cycle. Numbers In parentheses refer to 
sections of the Guide wftere infonnation on that topic Is located. 

1.2 How to Use This Guide 
This Guide is designed to take you through the major phases of developing a Plan (table 1}: preparing to 
write the Plan (chapter 2), analyzing the situation and designing a management strategy (chapter 3), 
writing the Plan (chapter 4), and evaluating outcomes and adapting management strategies (chapter 6). A 
glossary follows chapter 5. Appendix A p1·ovides a list of useful online resoW't-es, appendix B p1·ovidea 
plan examples, and appendix C provides a structured clleeklist of questions which serve as a Plan 
template. 

Land Man89e,s 6l/ld9 ro Otwsloping an 
lnvdS<VI! P/:NJI Ma11agsmenl PIIJII 2 

C/18fJl8f 1-lntrod,xt,on 



Tallle 1. Steps for developing a strategic, integrative, and adaptiva invasive plant management plan. 

Sup 

Identify management 
purpoBe and Bpatial scope 

Identify project te11m And 
establish communications 

Gathe1· site-specific 
information 

Review regulatory 
compliance 

ldentify m3nagement 
priol'ities: species and areas 

Ev-Jluate the ~tat us of 
ptio1ity invasive plants in 
priority areas 

Develop SMART (specific, 
measm-able, achievable, 
results-OJ·iented, time-bound) 
m.<1nagement objectives 

Develop optimal set of 
management sl.l-ategie6 

Identify measures to avoid 
non•tai-get effects 

Wot·k Planning 

Develop i11vento1-y, 
monitoring, and evaluation 
methods 

Develop dllta and i11formation 
management methods 

Wi-ite YOUI' Plan 

Adapt ,vou1· Plan (as needed) 

L11rd M.lrnige<'s Gvide IQ OeY8/opi11g ~n 
lnmire Planr MaililgemMI Pl~ 

De.scripticn Guide l«atw11 

The management purpose identifies the reasons why a Plan is Sectino 2.1 
needed, its intended audience(s), and how it will be used. The 
spatial scope identifies the geographic area where management 
activities prescn"bed by the Plan will occur and sets the stage for 
what types of information shoukl be gathered to infonn the Plan. 

The project team is the larger gi·oup of people involved in your Sfs·1ino 2.2 
invasive plant management program, including land managers, 
stakeholders, researchers, governing buards, an<l other key 
players. The project team often includes a smaller col'e team who 
cool'dinates the planning efiol't and is ultimately l'esponsible for 
dev~loping and implementing lhe Plan. Identify the means for 
communication during tne planning prooes.<;, both within llnd 
outside yow· 01·ganization. 

Gather basic infmmation (plans, repmt.-;, data) for your site.s, induding Sectillo2.S 
oo-ganizational ,ision, conservation priorities, management goals and 
objectives, invasive plant issues, and management histol'y. 
Identify gaps in information lhal need lo be filled. 

Gathel' and review organizational policies and legislation that ~ Li'2n 2J 
apply to inv~sivc plant management planning or actions within 
your scope. 

Select and document plant species that will be the focus of lhe Plan. ~!:li2D il I 
A Pla11 may focus on a single species or address multiple species. If 
multiple species ai>e being considet·ed, p1iol'itize which s1iecies :ctl'e 
most cl'itical to address. Define management areas within tbe Plan 
scope and piiorilize where to focu.~ mRnagement efforn;. 

Assess invasive plant abundance, distribution, paUern of spread, SccLi'2D 3.2 
and ~patilll rdationship,; witn abiotic and biotic features in the 
environment. 

Devl!lop ,statement,; that detail what succes,; woulcl look like as a Section3.3 
result of your inva~ive plimt mRm1gement progrnm. 

Develop R suite ofstrategies to meet yout· SMART invasive plant ~1:i:t.iao a~ 
management objectives using the best available information. 

Use the best available information to develop measures to s.es:!iQD a l2 
J>l'evenl, avoid, 01· mitigate any potential negative effects on 
humans, natural 01· cullul'al resources, or infrai-.trnctut'e as a 
l'esult of invasive plant management activities. 

Oe,;cl'ihe who, what, where, and when invasive plant management ~112nll6 
activities will ocr.u•~ this step guides on•the-ground implementation. 

Identify met.hods to tratk imphimentat.ion of managem1mt ~011.$..1 
activities, monitm· plant community status and trends, and =ess 
and repo11, on progress in attaining invasive plant management 
ubjectiv& (01· thi·eshold::, for l'Jlalll\gl!mtmt actioo). 

Develop data standards am! structui·cs for ensuring the data are Se£tio.n. a.1 
euily ,1ccessed, understood, an.d 11t.ilized to tlteit follest potential. 

S11mma1izc your planning process and results of yom· analysis. Cba1,1lf t ~ 

Aft.ei· implementation, monitoring, and evaluation. l'evire your Qhslllftli 
Plan at a regular interval to incorpol'ate new information and 
otllei· ,:himges in app1•oa¢h. 
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Terminology Matters 

The language and terminology used to describe invasive species varies among countries, 
agencies, organizations, professionals, end members of the public. Terms like ali,n, non• 
native, invssiw,, pest. and W88dare often used interchangeably in scientific literature, 
confusing readers and even muddling the science (Lockwood Ell: al. 2013). In this Guide, 
non-nativtJ $p8c/8Sare defined as species found outside of their natural range, and 
invaslva SJHJCitJs are non-native organisms whose introduction causes or is likely to 
cause economic or environmental harm or harm to human, animal, or plant health 
(Executive Order No. 13751, 2016). It is important to emphasize that not all non-native 
species are invasive. likewise, there may be native species that cause harm to 
ecosystems or human healtti !often referred to as nnwnul11nct1S{J8Ciati. Throughout 
this Guide we use the term inllltSi"8 but recognize different terms may be preferred by 
different users and that planning efforts may also include native nuisance species. 

alien: with respect to a particula, ecosystem, an organism-including its seeds, eggs, 
spores, or other biological material capable of propagating that species-that occurs 
outside of its natural range (Executive Order 13751. 2016). Synonymous with non-nativtJ, 
nonindigBnous and uotic. 

aquatic nuisance species: a nonindigenous species that threatens the diversity or 
abundance of native species or the ecological stability of infested waters or commercial, 
agricultural. aquacultural, or recreational activities dependent on such waters 
(Nonindigenous Aquatic Nuisance Prevention and Control Act 1990). 

noxious weed: any plant or plant product that can directly or indirectly injure or cause 
damage to crops (including nursery stock or plant products), livestock, poultry, or other 
interests of agriculture, irrigation, navigation. the natural resources of the United States, 
the public health, or the environment !Public Law 106-224). 

pest organisms that damage or interfere with desirable plants in ourfields and orchards, 
landscapes, or wildlands. or that damage homes or other structures. Pests also include 
organisms that imp a ct human or animal health (University of California Statewide 1PM 
Program 2018). 

weed: a plant that causes economic losses or ecoloyical damage. creates health 
problems fur humans or animals, or is undesirable where it is growing tWeed Society 
Science of America 2016). 
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1.3 Invasive Plant Management: An Overview 
The1·e are many reasom; t-0 manage invasive plants in natural a1·eas. Most oft.en cited al'e the threat 
invasive plants pose to native bioclivemity and the alterations to natu1·al processes. Many studies have 
demonstrated how invasive plants can alter ecosystem processes, st111ctm·e, and composition, as well as 
the genetic makeup of native spedes populations through hybridization (Boi;sard et al. 2000; DiTomaso et 
al. 2013; Foxcroft et al. 2017; Hobbs and Humphries 1995; Lockwood etal. 2013). Invasive plants can also 
negatively impact infrastructure 01· other pai'ts of the built environment (such as damaging irrigation 
systems) or pose harm to humans {such as increasing wildfire intensity 01· frequency). Finally, invasive 
plant encroachment may alter aesthetics or interfere with a recreational or cultural \·alue of a place or 
property. 

An impoi'tant aspect of developing an invasive plant management plan is to make clear connections 
between the rntionale(s) for managing invasive plants and your organization's mission, 1-eso\U·ces of 
conse1-vation conceni, and management goal::.. Such connections help land manager;i focus management 
efforts (set pri0tilies), help stakeholders and others unde1·stand the motivation and need for 
managemel\t, and can ultimately increase management support. After addre:;!iing why your organization 
must manage invasive plants, the bulk of the planning pi·ocess is focused on how your organization will 
manage those plants. The foundational principles for how to manage invasive plants is based on 1PM, 
which is a dech,ion-making pl'ucess that integrates management goals, consensus building, pest biology, 
monit-Oring, envii-01unental factors, and best-available technologies to acl1ieve desii-ed outcomes while 
minimizing unwanted effects. 

Why Develop a Plan? 
Succ,;ssful invasive plant management is a lot more complicated than simply killing weeds-it 1-equires a 
strategic aml adaptive approach that is well-documented (figure 1). As Ben Franklin said, "if you fail to 
plan you al'e planning to fail." The planning process itself p1·ovides the opportunity fol' focused analysis, 
prioritization, and being cleat· about what you ho1>e to achieve - your objectives. A well-c1·afted Plan 
provides guidimce for a consistent m11nagement approach ovc1· time with parameters for adapting actions 
as envh-onmental conditions or available 1-esou1-ees change. It documents where you arc now, where you 
would like tu be, and how best to gel there. 

Almost all land managers can point to shortages of funding and resourees as barriers to successful 
invasive plant management. A well-crafted Plan can help address these problems by identifying and 
documenting p1-iorities for action in the face of limited and valiable t'esources. A Plan can also help 
add1•e53 other common batTiers to successful invasive plant management, such as: 

■ Lack of understanding about the impact of invasive plants. The degree to which invasive 
plants harm priority conservation targets anrl impede the attainment of site goals may not be well
understood. This lack of understanding-especially among leadet·ship within an organization or by 
important stakeholders-can lead to a lack of support and resources. The planning process itself 
provides a platform for building collective understanding, support, anrl coMensus among 
management staff, leadership, partnera, landowners, and local l'.!ommunities. Without consensus 
and support, a Plan simply becomes irrelevant. 

■ Lack of prevention and early det:ection and rapid resp0ll8e (EDRR). Despite the higher 
economic and ecological returns per unit effort they provide, prevention and ED RR are often 
overshadowed by ah-eady abundant and widespread invai;ivc plant issues. Although there may 
exist a need to manage existing invasive plant infestations, placing little or no emphasis on 
preventing new invasions or further spreading can lead to economic and ecological harm (Cusack 
et al. 2009). The challenge is to balance managing well-established invasive plant infestations, 
p1·eventing new infestations, and 1·esponding to new infestations before they become widespread. 
Plans ~hould highlight the need for prevention at\d EDRR and detail exactly how these activities 
will actually be ean;cd out. 
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• Lack of inventory and monitoring of invasive planui. Inventory and monitoring are essential to 
succei;sful inv1u;ive plant management (DiToma..cio 2000; Olkowslti and Olkowski 1983; Stohlgren 
and Sthnase 2006), but in th£< face of limited resourecs, managers often plan a.nd implement their 
management strategies with little to no data about the status of the infestations they intend to 
manage or whether their stl'ategjes are !lctually wot·king. This paradoxical dilemma. is difficult to 
overcome, as many hmd managers feel the nee<l to use limit,;,d resources on controllit\g invasive 
plants 1-athet· than on conducting inventory and monitoring. Without inventory and monito1ing, we 
lack evidence that. our strategies are creating the desired 1•esult, have no basis for learning and 
adapting, and leave no legacy of knowledge for those who come after us (or for communicating 
with the public), and therefore risk repeating failures. 

■ Lack of an integrative approach. A single-strategy appl'oach, such as only using a. chemical 
oontrol method for long periods, can lead to species resistance, unintended non-target effects, and 
ultimately failure over the long term. Ideally, employing multiple management strategies that 
work together is more sucCl'!ssful over the long-term than any one single strategy. 

■ Lack of SMART (i.e., sp&clfl.c, measurable, achievable, fil&ulta-oriented, tim&-bound) invasive 
plant management objectives and a built-in process for evaluation and feedback. Without 
SMART objccti ves describing the expected result(s) of invasive plant management and a process 
for evaluation and feedback, managers lack a basis fot· evaluating pi-ogress, testing assumptions, 
le,mting, and adapting. We risk repeating pl'actices of the past without regard to whether 
implemented st1·ategies are working {or not) at different spatial and temporal scales. 

• Action is more reactive than proactive. l<leally, lhe establishment of highly invasive species is 
wholly prevented, detected, or eradicated in the early phases of invasion. An introduced species 
can remain at low levels for a long period of time (such as years) before rapi{lly expanding. This is 
known as the lctg plmse. Whether or when a species leaves the lag phase and rapidly expands can 
depend on several factors including (1) development of genotypes that allow the species to spread, 
(2) changed environmental conditions that promote rapid population spread, 01· (3) continuous 
expansion of the species population that gues unnoticed until it becomes vddesp1·ead (Hobbs and 
Humph1·ies 1995). It is more cost-effective to 1-emove or prevent establishment of invasive species 
before they become widespread and abundant-in other words, laking a moi·e p1'0active than 
reactive approach. 

Principles of Integrated Pest 
Management 
The concept of 1PM was first articulated by Univel'sity of 
California entomologists in the 1950s, and in 1972, the 
concept of 1PM became pa1t of national policy with the 
establishment of an interagency 1PM Coo1·rlinating 
Committee. While histolically focused on insects and 
disease-causing organ:isms a1'fecting agriculture, I PM now 
applies to all pest taxa and non-crop situations such as 
invasive plants in natural rei;ow,:,e conservation areas. 

The term integrated means to apply a ~ombination of 
management techniques that work better together than 
separately. Using an integrated management appt·oach 
increases the likelihood of success and reduces the 
likelihood that a pest will become immune (i.e., develop 
resistance) to a management technique, particularly in the 
case of herhicifles. 
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Integrated Pest 
Management {IPMI 

• A science-based decision-making 
process that incorporates 

management goals, consensus 
building, past biology, monitoring, 

environmental factors, and selection 
of the best available technology to 
achieve desired outcomes while 
minimizing effec1s to non-target 
species and the environment and 
preventing unacceptable levels of 

pest damageN (USFWS 2010). 



While the concept an'1 policies surrounding IPM have evolved over time and vary across 
organizations and agencies, contemporary '1escriptior,s have common elements (for example, USFWS 
2004; DiSalvo anrl Pat·son 2011; Flint and Gouveia 2014; UC-IPM 2018) such as: 

■ Know your resom·cc (site desciiption: ecosystems and landcover, infrastructure, conservation 
goals, etc.). 

■ Know your }lest; identify p1iority pest species and understand their ecology and harm (or potential 
harm). 

■ Asse,;s the status of pest populationi:;. 
■ Prevent pei.t v1-oblems. 
■ Use a combination of techniques to control pest populations. 
■ Develop guidelines or tlu:esholds for management action. 
■ Describe your expected management outcomes or results (objectives), 
■ Build consensus and regularly communicate Y.ith those who may be affected by your pest 

management !)l'ogram or who can cont.ribute expertise. 
■ Monitor management outcomes, leart\, and adapt management. 

This Guide is designed to help you consider each of these elements as you develop your Plan. 
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Chapter 2 

Preparing to Write a Plan 

This chapter i:; focused on laying the foundation of your Plan-its 
spatial scope, who should be involved in its development, 
understanding which invasive plant species occur (or could occur 
in the futul'e), conse1·vation focus, invasive plant management 
history, and regulatoiy considerations. 

2.1 Identify Plan Purpose and Spatial 
Scope 
An essential first step in the planning process is to identify the 
Plan's purpose and its spatial seope. The Plan should p1·esent a 
compelling case for why invasive plant management is needed and 
how it is impeding your ability to achieve your organization's 
mission and conservation goals. The spatial scope identifies the 
broad geographic area where invasive plant management 
activities will oecur and sets the stage for what types of 
information should be gathered to inform the plan (section 2.3), 
what laws or policies will govenl invasive plant management 
activities (section 2.4), and who should be involved in strategic 
analysis for the Plan and the types of communication needed 
(section 2.2). The Plan may focus on a single, geographically 
distinct site such as a park, refuge, watershed, or forest, or a 

Purple loosestrife 
l.ytlwum salicaria 
CREDIT: 02009 6aoy RICQ 

collection of sites within a large landscape. The scope could also be more thematic in nature, such as a 
particular ecosystem within a landscape. 

2.2 Identify Project Team and Establish Communication 
The project team is the group of people who are involved in developing a Plan. The project team can be a 
small group of people who do mogt of the work (core team), decision•maker(s), stakeholders (such as the 
public or adJacent landowners), invasive species experts, and others who will implement the Plan or who 
have a vested interest in conservation activities or outcomes at your site. It's worth carefully conside1ing 
your project team's composition and, if needed, pushing yow· organization to recognize the importance of 
this step. The ultimate utility of a Plan can depend heavily on who is involved in its development. Project 
team members will likely include rep1,esentatives from the implementing organization but may include 
others outside the organization. Being outside the organi.zat.ion might mean these individuals play 
different roles on the team, but they may still be essential for successfully implementing your invasive 
plant management program. 

The core planning team-those ,vho will be closely involved with moving the process forward
should form at the start of Plan development and then promptly identify everyone who should be 
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involved within the broader project team and l'evisit the Plan 
~ope. The composition of the project team may change as you 
move through Plan implementation, although it is usually 
helpful to mail\tain continuity. Once you have identified the 
project team, identify and communicate role~. Begin 
communicating with your team early in the planning proces.s 
to help everyone uncle1·struid the planning process, their roles, 
and how information \\-ill be shared. 

It is e1;tical that communication continues throughout the 
planning process to help build consensus, ensure the time and 
resom·ces you spend on planning m·e not wasted, and the team 
is conneeted and supportive of the final product. While some 
Plans will be p1ima1ily internal, fo1· others the external use 
will be just as important. Near urban areas, 01· in high-use 
a~as, land management decisions may be politically charged, 

Who Should Be on the 
Project Team? 

• People who will develop ttie 
Plan 

• People who will implement the 
Plan 

• Key decision-makers 
• Partners or other important 

stakeholders 
• Technical advisors 

and a great deal of public review and participation may be needed to develop a Plan that l'eflects the 
inte1·ests of all stakeholde1-s. Political leadel'S may need help in underst.anding the fu1,,1,01·s that go into 
developing a Plan, and a communication strntegy for outreach to the broade1· community may be needed. 
Beyond their perspective as stakeholders, community members can ~lso be a great resom-cc for ideas and 
assistance. Genend tips for improving communication during the planning pl'Ocess are listed below: 

■ Design the Plan to suit the needs of the target audience(s). 
■ Make the Plan readable; minimize ja1·gon and technical details that m.1 not explained. 
■ Communicate early and often with all levels of management in you1· 01·ganization on the need for 

the Plan. 
■ Anticipate potential intei-nal and extemal con-:ems; develop a communications approach to 

addi·ess these concerns. 
■ Design an on.going process for building consensus between technical experts, decision-makers, and 

stakeholders. 

2.3 Gather and Review Site-Specific Information 
Gathering and reviewing infonnation relevant to the Plan scope will provide a foundation for developing 
your Plan and increa.<;e how efficiently it is developed. Information should be gathered to answer 
questions such as: 

■ What is the focus of conservation at the site, and what a1·e ihe associated conservation goal.,;;? 
■ What are <.•1.tn·ent and potential invasive plant Rpecies that prevent attainment of conservation 

goals, and how do they pl'event attainment of goals? 
■ What is the cunent distribution and tt•end of each invasive plant species? 
■ What strategies have been employed to manage species currently and previously, and how 

effective have they beet1'! 

■ F1·om whom is su))port needed fo1· Plan development and implementation? Where might obstades 
and resistance to invasive plant management :support be likely to materialize? 

Ta hie 2 lists information that would typically be gathered and used to inform development of a Plan. 
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Table 2. Common types of information to support invasive plant management planning. 

Item 

Personal knowledge nr 
expel'tise 

Site surveys 

Management plans anti 
nicords 

Spatially referenced 
information 

Jnvasive plant lists 

t~arly detection plant lists 

Non-native plant 
invash·eness rankings and 
lega.l statll& 

t and M/Jf>Jge;'s Guide to Oeveloping illl 
fnvasr.'8 PIMI Ma11ag9111snr P&tl 

Sow'l'.:e 

Interviews with leadership, invasive 
plant program staff, adjacent land 
O"\\'llet·s, and local (or regional) invasivl! 
species expetts. 

Tours of management areas with staff 
fumili11.1· with the areas- and hiKtory of 
invasive plant management efforts. 

Site-specific or sun·o1mcling landscape 
conservation plans; past invasive planl 
management plans, reporLs;, or 
management l·ecords: and stakeholder 
lists. 

Maps or spatial data: site boum.latfos, 
management units, landeovel', veget11tion 
communities, hydrology, roads/t1·aile, 
infrast11tctut'e, cultural resources, 
::.ensiti.ve species loc11tions, and invasive 
spedes rlistribulion. 

Site-specific im·asive plarit lists, 
management plans, nalural resource 
l'eports, and outside databases (li'om 
slate invasive species 001111cils, natural 
hei·ital!;e p1·ograms, N atureServe 
Explo1·e1·, EDDM>1pS, hel'baria, etc.}. 

Web-based species oct'ttn'ence databases 
like EDDMapS and CalWeeclMappct· and 
infotmation from early detection 
netwot·ks, county agricultural extension 
agents, and wee<l management 1u·eas. 

Invasive species risk asse..s;..,menL<; 
conducted by ku-ger landscape agendell 
or organizations, s11ch as invasive plant 
¢:>ttncils; includes federal anrl slat~ 
noxious weed lists. 

II 

Rationale 

Increases unde1,;tanding about cm·rent 
invasive plant issues, future potential 
inva8ive plant issues (eal'ly detection), 
rna11agement histnl'y, management 
effectiveness, ancl pot,;ntial barriers to 
successful management. 

[ncl'eases umlerstanding aboul 
conservation targets, sensitive species 
issue.~, inv,c;ive plant threats, stress, 
status, and trencl5; informs invasive 
plant management strategies. 

Identifies conservation tar~ls., goals, or 
existing invasive plant mAnAgement 
objectives within the spatial S¢ope win 
the sunounding land,;capc. Increases 
understanding about the status and 
lrends of invasive plant thl:eats and the 
harm they c1111se as well as 
understanding of potential management 
strategies. May idEmtify restrictions on 
management methods. 

Increases u11cle1·standing about the 
stntus and trends of innsive plants, 
l'elationehips with other environmental 
features (biotic and abiotic). Informs 
p1iorities foi· invasive plant ma11ageme11t 
(\vllat species and where) and ~tr11legy 
devl!lopment. 

lnfoi•ms what species shoulrl he the focus 
of management. If thei·e are multiple 
plant lists for a single site, compile into 
one list and stanrlamize taxonomy (such 
as to the International lntegrated 
Taxonomic Information System 
standard, available at un.tw.i!is.gov). 

I nfotms what species should be the focus 
of early detection efforts. 

I nfurms 1>rioritization of non-native 
pl:int.5 ~pecies for management. 
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2.4 Review Regulatory Compliance 
Compliance with regulations (acts, lawi;, policies, regulations, pennits, cel'titications, etc.) is always a 
component o( developing and implem,mting invasive plant management p1·ogi-ams and may ultim.1tely 
influence the types, location, and timing of invasive plant management activities at your site. vVhile 
regulatory compliance is an important component of planning, it is not a focus of this Guide, as 
requirements can vary geogl'aphically (such as by state) and ,1crosi; private and public organizations. 

We recommend consulting ,vithin your organization to gain a clea1· understanding of the policies, 
laws, pe1mits, required training, and other regulatory compliance applicable to invasive plant 
management activities within the Plan's scope. If your organization has limited knowledg<? or cxpedence 
with regulatory compliance issues, reach out to similar organi1.ations in your at·ea who may have more 
expertise. In the case of fedel'al 01· state agencies 01· fut· Plans that encompass public lands, be sm·e to 
review your agency's regulatory framework. It is alw·.1ys useful to reach out to inva.<iive species experts, 
within or outside your organization, to bet~r unden.tand t.he regulato1·y frdmework that 'Aili influence 
invasive plant management planning and implementation. 
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Chapter 3 

Analyzing the Situation and 
Designing a Management Strategy 

This chapter guides you tlu·ough analysis of information gathered 
(chapter 2) to identify your priorities, define what y<.1u want to 
achieve (objectives}, and design a management stl'ategy. Strategies 
here 1·efers to a collection of a~tivitie:s that work together to achieve 
a pa1·ticular outcome-the objective(s). Ultimately, the level of 
detail pt•ovide<l about strategies and associated activities should be 
tailored to the situation and intended users of the Plan. For 
example, if the Plan is intended to direct. on-the-ground 
management activities, then a high level of detail is warranted. 

Section 3.1 covers identifying priority species and al'eas, and 
!;ection :~.2 covers evaluating the status (abundance and distribution) 
of p1io1ity species in 1nimity area~. Setting invasive plant 
management objectives and establishing st1·ategies are discU/3:;ed in 
sections 3.3 an<l 3.4, respectively. Section 3.5 covet·s how to avoid 
non-ta1·get effects, or the unintended impacts of ca.tTying out 
invasive species management. The final two 11eetions- section 3.6 
and 3.7-diseuss how you will implement your plan. Section 3.6 
addresses wo1·k planning, a Ciitical step ht which you will document 
what needs to get done, where, and when, a:; well as how much it 
will likely cost; work planning is an essential step in ensmit\g that 
your Plan is implemented effectively and consistently over time. 
Section 3.7 discusse~ e!ltablishing ilwentory, monitoring, and 
evaluation pl'o~dures. 
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3.1 Identify Management Priorities: Species and Areas 
One key aspect of any invasive plant management planning process is prioritization: selecting which 
species to work on, where, and when. Ideally, prioritization is conducted befure significant resources are 
i11vested in invasive plant inventories, early detection, or management actions. Managing for all non
native species everywhere within a site is impl'actieal, Nattn·al resource managers are often constrained 
by funding, available resources, time, and personnel, and several have developed credible ways to make 
decisions about which invasive plant.a to focus on and where (such as Hiebert and Stubbendieck 1993; 
Randall 2000; Skul'ka Darin et al. 2011; USFWS and Utah State Univeraity 2018). 

The prioritization process (shown schematically in figure 2 below) is an opportunity to develop or 
,•efine the focus of invasive plant management activities, ensuring re$ources are dedicated where they are 
most needed. Ideally, decisions ab(lllt what invasive species to focus on and where should be transparent, 
repeatable, and defensible (Hiebert and Stubbendieck 1993; Randall et al. 2008; Warner et al. 2000). This 
approach helps build consensus and support, fosters oontinwty in management over time as people or 
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conditions change, and builds in management flexibility as funding and staff levels change. Plioritization 
does not mean that a species or area identified as ''low priority" should never be addi-essed; even low 
priority species and at1;!a.<i 1r,ay be addre!!Eled at some point in the future. Alternatively, it is worth 
evaluating if there are invasive plant species currently under management that shouldn't be. It's 
impol-tant to remembei· µ1io1itization is intended to info1·m decision-making rather than to make decisions 
directly. Plioritization reslllts should be discusse!\ among your project management t~m t-0 make final 
decisions. 

While most teams find both species and area prioritfaations useful, there may be cases where there 
are few (sucll as fewer than five) invasive pl.ants of concern within or adjacent to the Plan's spatial scope, 
negating the need for species prioritization. Here, the decision process may shift to where invasive plant 
management should be focused, especially when the scope encompasses thou::;.aml:. or million:,; of acres. 

The following :se<:tiom; de:scribe the genei-al pl'oooss and tools for p1io1itization. Also, see appendix A 
fo1· tools and l'esources for prioiitization and appendix B for links to reports or plans that eontain invasive 
plant p1ioritization examples. 
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3.1.1 Identify and Prioritize Plant Species 
The fll'st stQp in species prioritization is to compile a list of non-native plant species known to o.:cur within 
th.e Plan spatial scope as well as species with the potential to occur in the future. Ideally, a list of cun·ent 
and potential species is compiled from available sources and sdentific names a.re standardized to your 
preferred taxonomic ~tandard (such as the International Ta.xonomic lnfommtion System). Once compiled, 
the lists can then be prioiitized by the project team using one or more critel'ia (table 3). 

Many lai-ger landscape organizations sueh a:,; the U.S. Department of Agriculture (USDA) and state 
invasive plant councili; have assessed invasiveness 01· "noxiouAness" of non-native plant species to 
wildlands across large landSCllpe:,; of the United Stat.es (see table 4 for examples). These assessments are 
based on risk assessment crite1ia such as the NatureServe Invasive Species Asses8ment Pt•ow,;;ol (Morse 
et a.I. 2004), and they often rely Qn scientific litcn.turc and expert knowledge to provide a comp1·ehensive 
review of species ecology, biology, distribution, and impacts on the environment. While these hu-ger 
landscape lists can be a \lseful tool in identifying management p1iorities, when used alone, they may not 
provide enough information to identify local scale p1iorities. For example, when many of the species on 
your list are found on one of these larger landscape lists, management priorities may be less apparent. In 
such cases, ii. may be useful to apply additional c1ite1·ia (table 3) or use a tool (table 6) to help identify site
;,,peeifk priorities. A more structured approach can help teams come to consensus on which species should 
be a focus of management as well as provide a legacy of information about how decisions were made. An 
example of a species prioritization exercise from the Klamath National Wildlife Refuge Complir.x is 
provided in figure 3. 

3.1.2 Identify and Prioritize Management Areas 
A fil'RtRtep in primitizing areas fo1· managemcnt is to define the areas of your Plan's spatial scope that 
1:1re under management collSidei-ation. Over the long term, the intent may be to manage invai;ive plants 
across all areas within the Plan's i,patial scope, but when resources are limited, a1-ea priorities help infoim 
where to use those }·esourees. Areas should bave cleai· bound111ies defined by one or a combination of 
features such as jurisdictional management boundaries, ecosystem types, vegetatiot\ communities, 
sensitive species populations/habitat, watersheds/hydrology, soils, oi· topography. Scver-«11 Cl'iteria can be 
used to help decide which areas within the Plan's spatial ~cope are a p1iority for managing inva:.ive 
plants. These include the current level of infestation, risk of invasion, and importance to high value 
conservation resources; table 6 provides a list of criteria often used to pl'iol'itize a.l'eas, and table 6 
provides a list ofprio1itization tools. An examJ>le of an area prioritization from the National Park Se1-vice 
Golden Gate Recreation Area is pl'Ovided in figure 4. 
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Table 3. Criteria commonly used to prioritite species for invasive plant management. 

Category C1'iteria 

Lal'ger wndscape The degl'ee to ,vhich a.species is likely tn cuu!'e hnrm to wildl.1nds 01· ove1-all biodiversity. 
[nvasiveness Invasiveness l'ankings have been developed for larger landscapes and are based on expert 

opiniun and comprehe118ivl! review of the scientilk lite1-atw·e (see table 5). 

Status and Habitat Characteristics of the species \\ithin the Plan's spati11I .scope. Includes erite1·ia such as 
Suitability preK1mce or proximity, abundance, distribution, and habitat availabilily/putcntial lo spread. 

Ecological Impacts The seve1ity of current 01· potential impacts the plant causes {or could cause) on 
~"Qn6ei-vation largets within the Plan's spatial scope. 

Difficulty of The difficulty of managing Ute species within the Plan's spatial scope. Inclmles c1•iteria such 
Contt'ol as cost, time, and wchnkal diffi,:ulty. 

Lai·ger Landscape The degree to which the species is a priority for management on adjacent lands 01· in the 
Importance lal'gei- landscape. 

Other The degree to which o species is important for management because of political, public, 
cultuul, or othe1· l'"?asons (defined by the usei·J. 

Table 4. Examples of invasive plant ranking s.,stems. 

System title 

Ala:,;ka Invasiveness 
Ranking System 

Califor11ia invasive Plant 
Inventory 

Federal and State Noxious 
Weed Lists 

Invasive Non-Native Plants 
That Thrc11tcn Wildlands in 
A.tizona 

Hawaii Weed Risk 
Assessment 

Natw-eServe l -1·ank,,; 

New York State Ranldng 
System for Evwualing Non-
Native Plant Species for 
Invasiveness 

Virginia Invasi\·e Plaint 
Ranking System 

L81td f,lan6ge<"$ G111d8 10 De11t1lopitlg -,n 
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Speciex rankin9 c1'ileria 

Preliminat·y climaw screening to identify 
species that coulcl illvade environments founcl 
in Alaska or areas with i;imilar climaw; 
includes ecological impact, biology, 
management difficulty, and distl'ibution. 

Species ecological impnct, ecosystems 01· 

communities inv.1cled, invasive potential. 
documentation level, and <li~t.ribulion. 

Ct•iteria vary ac1·-0ss states. 

Species ecological impacts, invasiveness, 
ecological amplitude, and distributiQn. 

Species ecol,;,gical impact, ecosystems or 
communities invaded, invasive potential, 
do,:umentatiotl level, and distribution. 

Species ecological impact, biology, abundance, 
mnnagement clifficully, non-target 
management impacts, diversity of habitats 01· 

ecological systems invaded, and distribution. 

Species ecological impact, biology, abundance, 
management difficulty, and distribution. 

S11ecics ecological impact, abundance, biology, 
management 11ifficulty, and distribulion. 
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Web link 

hllp:l/accs.1<aa.alaska.edulinvCl-$ 
il!P--,speciemw11 • nid'1·ve-p!ant• 
svecits-lfat 

l1ttp:llwww.cal-ipc.orglpla11tsl 
inventory/ 
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Table 5. Examples of tools for prioritizing invesive plant Sl)ecies end ereu for 11111nagement organized hom low to hig'h levals o1 technical 
BKpsrtise required. 

Toof Priorilit•lioxfr,r:us 

ln~sive Plana. 8peci~& arn1 Areas 
lnv-~ntory .m.'1 
Early Det..<tion 
f'ti<lritiz.ation Tool 
(lf'IEDPTJ 

Sp,wJxlu,<!I Spe<io,; •n<I Al-eas 

CalW~~•ppor• Spe<-ies and Area, 

W«d Hett.rltti<i: $)\P.<ios and Areas 
lnvMive 
!':>i:<Jl•lion 
l 1.ti.oritiz:.:tl\1Jn for 
£rndieolion Tool 
(WHU'PETl' 

A.rcO!S Sµecies ~nd Are.~ 

u."1M•-·•~lli4e"'~~•• 
W'.1.ri•• RMtf ·~e,l"lftlf Pl¥, 

Lot<! •f e,:p,r/i,e roq,,ired 

Low 

Low 

Luw 

Mooerate 

Hii;h 

Descrip4io~ 

The IPIEOPI is• Micro,ioft Ac,.,, tool that int..gral•• 1"'11.r l,nd,<:tJ'" i"'""h·• 
plont tMkini:• an~ lotill knowk>d.g,>, 1h g•n•.-•I• • prioriti2<d li•I of ,peci•• and 
m,ns for in,•entory and early d.eu,otion, and ultimate!)' man~ment. Specie, 
eritctill indudc l1U'5:"tr l.1nd~u1Je UWcl,.l'\l\~n~)'."' raolcin~. iaii,a.d.:S (J,J\(tWn or 
probable), J»'O.'limity. potential for ~i•r,..3JI. and abundancJdistributfon. Ai-e.a 
elitCli$ il\Cludc e«ilogitol inteiJity (h .. lth), !evel of in!""t,.tiou, Je .. lity o( ve<l<>r 
p3,tJt"·ay~. Crequency ~od inten1tily of vect.or tv~t,t.<., and di$.turb~. Soi..u-tt: 
l.'SPWS •lid Vu.II Stow Un\v•rsity (20tll}. Wfli l,nk: 
hllpt·/1,:,,tal~!J.ilflln.!J<>tldntaur/nn '"'"''"'' pfuul•in ,·eHlvry·a•<l·turl1NlC/n'lw • -
mt1>rici.u1r«l11-tool 

Yrioritization of 6p,efies OJ' .:u-e;.1,;:1 ("..In be d1.1n1t 'll'ith .UI\ Exc ... l ~l,Jt'l.'1iUIMltetA. c~ 
.Je-f\nts fflteti, and ,~01ing fol· speci~ or 1treH rankings. 
Provi()e~ s\n\(.'V.idc 1C:alifo111~,1 distribution datu c,·ia Mlfl~m o,y) for ,n,•.,;v, 
phu,t:; •tnl gE:tt'?Nlcs Q ma~g<"mcnt owortuni\.iet- rtport {nr Ul\t:'r tfll!'finP.'1 l'O"A"' 

(e.g .. a Nati(lna\ t~orcst. tl1tion;:tl Wildhfe R~fvg~.~~ret,:111n, or~ tuu.nty). ~:-tuh)-1 
from CalWe,?dMapper $1\wld be ,ombined "ith local knowl•dg• to ,-t site-
speclllc 1>1i~rllies. Web li~k: llltp,:llrolw.cdt11<1pper.rol,1pc.orgl 

WHIPPET prioritizes spi,tially l'cfcrcnced (mo1>pe<)J inva,ive plant popul•tiono 
loreratli<allvn l)ased on potculial imp<1ct, potentiol •pre,-d. f•:<tSibijily of control, 
a1u\ location (out Her status, pr<>ximity to ve,ctor patfn\'aya, and afct~si'bilily). 
Sou,~<: Dorin 2008; Skurk~ D~lin et sl. 201 I. W•b link: hu,,..i l t<o/iippd.wl• 
t1,-c,01'!>fJXt0ttll:itwlg,,ide 

f;p.i.i.ll d.ta such as iova.ive plaol location• •nd c11•iN>nmcnt.-l (eotum l~uch ;u 
,nad!{, tr.!Ula> ti.)·,b-oJo,;y, soils, \Op(ll\,.Phy. cco,)~t~mteornmunities, and s-ensiti\'e-
,,.. .. 'IC,un:tt lucali<n\.~) al\: ovcrlnid ~md l\n~IJi«i tu~er1Jefined attt;but~$, to i~ntify 
priurity """' and/or spec~• (If spollal dita i,r,> "''•il.a1>le) for manogeme.nt. 
Enm1~~ ,..,._. priorili<ation: 1Xalion31 P,rl< Sen1re's "~ly detfNion protocol 
(Williams .i al. 2000), available at ""••·.if11ps.org1do,.,.1o1,11_r,rod11ct/US1;11J 

16 



T<><>f Priorifit<1lio11 joe,vs f,,ei:~I of ~~11erli:." rr.qulf'ed. r>uer;ptiou 

h"atu1·cScn-c- Species High The pmorol io! • mvlli•crilel"ia 100l !or .s~ssi11g. ••tegwiziug.and li,;tini non• 
lnvosiv~ $i.,<cics ruiti\'e in\'a.siva ,•~cular phmt3 n1.-onlinK tu thtlr lluµa,ct r,>n nati\•~ sp,ed€:S ond 
.~ssessmenl 113tural biodiv8l'Sity in a l&1·g• gtoftl'Ophlctl aru $Udl $$ a n.tion. state. provinco, 
Pr<>tocol or ,,ologi<al region. The tool has typically be•n "3erl to de••wp l>rger lan<1&¢ai:,t 

inva.siv<s plant nnl<ings but can be arlaptt<l and .. ed at• 10¢:>I st~k Requires in· 
,1,1ith ~nc,wled,g,, •boot plant e.,ol"&')' and impacts or an in<!eptl\ llter.,ture 
•=h. Wei, link: 
hltp:lle.x11fv,fr.n<tt1<rv1cerf'e.1)>'911Y";rulet/NaturtScr,;~!init•Spu,1tJS 

Alien Plant Spe(les High The ~y~twn brui1I~ w:ier::i through 2a q_ue,liol:1$ i:n thrc-c 1Nli.>ns rel.-linA to 
Ranking System i™tivk'lu.ltl ~v~ci~s.: {l) curl-em 1-wel of impact. (t) pol<!nth1I olf a ~l'N:ies lO bet(ll'ne 

:a pr"blttrn, ,..nil (i<) r ... ~tbiJity uf co1Hrol. Th~ St!l'tion~ includ~<&~stio11$ about tht' 
disuib1.1,iun and abu1\dance llf s11ecles. lhe numbo!r of se-.ds they produ.,,, ond 
their disper:,al aµabillties. There"'"' also quest1011, aoom whcthcl' • s~ccies is 
k.no..-n to .. riously Impact other situ. The tool hu typ1¢ally t«~ uzcrt to develop 
\.rg,i· land:oUJle invasi" plant ,-anking11 (>u,h a. ro,• Al .. k•) but <llll be adapt(d 
.i•I U£ed •t • loo"1 scale. Requll'ts in,depth kno"'lodge ~tx,ut pl•nt ecology ••rl 
im111-1cl~ ct ~n. irs-d(!pth litcral\n'e ~<'nt"C'h. Sou1·C!c: Hi<?bert an1I StobbeNtitC'k 
(1008). W•b U11lc 
ltUp:flln'Ur .orgkJific.lcs:Jciµ_1<:intcr'HXJlv2u I ..J)rio,·ili'iiuy_v.-etd3,Pd/ 

•Note: WHll'Fl:::r and (;alW,~d~fowcr ore •p<-<inc to Colifomi>, b<,t th•ir olgorith,n• may b., us,ful fol' othon. Roth"'°'" designed and lrolll 1ti\h funuinJ: from 
the Ul:>L>.I. t'«-<st S.r'\'k<:. Suite & l'ri,•ot,, Foresley. 
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Lythrum sulicuria 

Lepidium latifolium 

Onopordum acanthium 

Conium maculotum 

Phragmites australis 

Cirsium arvense 

Cuscutu pentugunn 
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Lepidium draba 
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figure 3. Invasive plant species prioritization results for Lower Klamath and Tule Lake National Wildlife 
Refuges: species present on-refuge {USFWS in prep.). The larger the total score, Che higher the priority 
for management. Species prioritized using the Invasive Plant Inventory and Early Delectioo Prioritization 
Tool IIPIEOPT) (USFWS and Utah State University 20181. 
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Table 6. Criteria commonly used to priorilize areas for invasive planl management. 

Category Crite-ria 

Importance to The importance of the a1·ea to natural resources of pt·iority conservation concet•n 
C-OnseTV:i.tion (conser\'ation targets} as it relates to the presence or proximity of a natw·al, cultural, or 
Tal'gets other impot·lant resource. Areas important to l'esources of «msei·vation oonccrn are often 

a high priority for iletecting and removing invasive plants. These are often species, species 
atuances/guild!!lcommunities, or ecosystems but ~an include other resources of concern, 
such as cultural resources. 

Integrity or The degree to which an area is believed to be healthy, inti,,ct, or unimpaired, with major 
"Intactness" of e~'<llogical (01· cultul'al) attributes functioning within the bound.~ of natural disturbance 
Reso1u..:es 1·egimes. For exi,,mple, ecosystem structu.re and processes are intact and function within 

their natm·al ranges of variation. At-ea.~ \1.ith relativPJy high integrity often have nigh 
conser-vation value and are a priolity fol' pl'eventing 01· reducing nnthropogenic threats 
such a,; introduction of invasive plants. 

Innate Resistance to The innate capacity of an ecosystem (ol' othe1· system) to resist establishment and spread 
Invasion of invusive plant species. Environmental factors that can influence innate resistance 

in.dude resident native plant diver·sity, density of n11.tivc vcgclative cover, abioti¢ 
conditions such as nutrient levels, soil 01· watet· q11ality, and nntnrnl disturbance regimes 
such as nooding and wildfire. 

Risk of Invasion: Invasion pathways and vecto1-s pl'ovide the means for inva~ivc plant ll'ansport from one 
Invasion Pathway~ location to anothel'. Here, pathways are t1·ansporlation pathways such as roads, trail,;, 
and Vectol's levees, waterways, etc. Vectors arc the vehicles fo1· transmitting Ol' -::an·ying invasive plant 

pro1iagules along pathways, 9pecifically human-based vect.ol's such a.s hikers, car6, boats, 
01· machinery. C1iteria for assessing risk of spread fl-om pathways and vect<J1·.s inclu,le 
11ssessing the dcnsily of vector pathways (both te1~·e,;t.rial anti aquatic) and tlie types, 
frequency, and intensity of vector events- opportunities for vector.s to ll·ansmit invasive 
plants (such as from high l'ecreatio:n use or frequent ma11agement activity). Arc11..~ where 
tc1·1·esllial pathways are widely <listrihuterl :uul occur at higl1 densities are at gi-e11te1· rfak 
fol' invasion. Areas that experience freqnent vector events (such 11s 1-ccreational areas) at·e 
also at risk 

Risk of Invasion: Di$tw'i>ance fucilitates invasive plant inv~sions and can be de.scribed as a "relatively 
Anthropagcnic discrete event in time that disrupts ecosystem, community, or population structure and 
Distui·bance change1; 1?.sou1·ces, suhMtrat.e availability, m· the p.hysieal environment" (Lr.>Ckwoml et itl. 

2013; White and Pickett 1985). Here, we are focw:ed on anthropogenic disturban~es such 
a!; 1~tot-ation/enhancim1ent activitiea, 1·egular maintenance activities, resource extraction, 
and toxic spills. Consider the int-.nsity, dui·aLion, and frequency of human-caused 
disturbance events. Al'eas that are exposed to intense, frequent, 01· long-du1·11tion 
<listu1i:Jance events are at high 1isk for invasion. 

Infestation Level This category consider.; the 1-ichnes.." and abundance of invasive plant species with.in s.n 
area. Areas considel'ed "clean" of invasive plants at'e often a higher ptio1ily than areas 
ah·eady he:wily infested. 

Investments Degree of pl·evious investment in invasive plant removal efforts. 
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Figure 4. Map of prioritized areas (subwatersheds) for invasive plant early detection in tfl& Golden Gate 
National Recreation Area, Marin Huadlancfs, California. Hydrologic units ~at a variety of scales) were 
usud to define areas. Subwatershed prioritization criteria Included abundance of rare or at•risk native 
species or species alliances, current level of invasive plant species richness and atiundance, riak of 
invasion, and level of previous invesbnent. Source: Williams et al. 2009. 

3.2 Evaluate the Status of Priority Species and Areas 
Some of the most important pieces of information that help managers develop an effective and efficient 
Plan is an understanding of the eoology as well as the status of the species they intend to manage. Stat1,s 
here refe1·s to the location, distl':ibution, and abundance of invasive plant .species obtained through 
invasive plant inventories or early detection surveys. Data obtained from these surveys are used to: 

■ Develop specific and measurable objectives (section 3.3)- in order to ask, where are we MW?, 
there must be a clear and definitive answer to the question, w/r.ere did we start? 

■ Understand patterns of inv.'16.ive plant introduction and spread. 
■ Inform the development and prioritization of managetMnt strategies. 
■ Guide on-the-ground management activities. 
■ Evaluate management et'fectiveness, learn, aud adapt (section 3.7). 
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In addition, data and visualizations of invasive species status (such as species occun·ence maps) can 
increase unrle111tanding of the invasive plant p1·oblem and may, as a result, lead to increased support. 
Decision-makers, the private sector, and the general public often have limited understanding of the 
threats posed by invasive species to the environment, economiei;, human health, and cultural values. 
Inv11sive species management competes for funding with many othe1· interests. Lack of awat·eness, 
support, and funding often coru>.train adequate invasive species management. 

If quantitative data concerning the status of prioiity invasive plants within the Plan's spatial scope 
are lacking, we reconun&nd these sui·veys are conducted before developing management objectives and 
strategies. If this is not possihle, consider the following: conducting interviews with field staff or local 
invasive species experts, mining online species occw·rence databases, or l'cviewing repoi1s or papers that 
contain information about vegetation within the Plan's spatial scope. Ideally, inventory and monitoring of 
invasive plants (or vegetation as a whole) becomes an integral component of your Plan {see sect.ion 3.7}. 

3.2.1 Inventories 
An inventory is a type of survey that is used to 
determine the location or condition of a 1·esource at a 
specific time. In this Guide, iiwentory refers to a 
caulogue of invasive species that includes 
information on their location, abundance, and 
distribution in a defined location (see the examples 
in figures 5-8). Inventories provide a snap~hot of 
the distiibution and abundance of invasive plants 
across a landscape and are ciitical for undet'standing 
the invasion pl'oblem, patterns of spread, and 
impacts (economic and ecological) and ultimately 
building a strategic and &laptive Plan (Rew and 
Pokorny 2006). When resources are limiting, 
consider inventol'ying the highest priotity ru·eas 
first ancl phasing inventory of lower p1iority areas 
overtime. 

3.2.2 Early Detection 

"An inventory serves to diagnose the weed 

problems within a landscape. and not until 

the diagnosis is complete can 
comprehensive and complete management 
actions be taken. In a sense, weed 
inventories [or early detection) are as 

critical to land health as medical exams 
am to human health, and a tangible weed 
map is just es vital to a land manager as an 
x-raywould be to a medical professional." 

Andersen and Dewey 2007 

Early detection monitoring consists of RyRtematic and repeated surveys of areas deemed high-1isk for 
becoming infested with new invaders and is typically focused along likely routes of invasion and in areas 
believed to be un-infested ("clean" areas). Early detection surveys are focui;ed on detecting the loc-.1tiun of 
invasive species that are not yet cstablh,hed within a defined a1·ea, but the potential for establishment 
exists (Olsen et al. 2015). Early detection is c1itical for documenting new and highly invasive species for 
eradication before they become eistabli:;hed, widespread, and abundant and cause both economic and 
ecological harm. 
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3.2.3 Inventory and Early Detection Methods 
There is not a prescriptive, "one-size-fits-all" method or 
approach for invasive plant inventories or early 
detection. The methods will vary depending on survey 
objectives, species detectability (influenced by 
abundance, phenology, color, or size), spatial scale, 
ecosystem type, budget, and available expe11.ise. 

In the broadest sense, there are two basic approaches 
to inventory and early detection surveys: (1) ground
based and (2) remote. Below we provide a summary of 
these two approaches adapted from the USFWS's 
lnva~ve Plant Inventory and Earlz1 Detection Guide 
(USFWS in prep.). 

As the name implies, grourut•based inventory Ae11al invasive plant survey 
methods are those in which the sw-veyor is observing and CREOIT: Witdland1 Con$emtion Science, tLC. 
recording the location of invasive plant infestations Crom 
the ground. Depending on the terrain and accessibility of the site, many of these ground-based methods 
can be cai:ried out on foot or with the aid of vehicles such as trucks, A TVs, boats, etc., that can enhance 
the efficiency of the survey. Ground-based methods include conidor surveys, grid-based surveys, full 
coverage swaths, opportunistic sampling, line transects, belt transects, pennanent plot monitoring, and 
photo points. 

AB compared. to ground-b,l.Sed methods, remote methods are generally accomplished by sensors 
deployed on pla11es, hellcoptera, and drones from which visual data are collected (collectively referred to 
as rerrune se-11-Sing}, Remote methods also include aerial mapping of invasive plant populations by human 
observel's from a hell.copter. 

The ability to detect weeds remotely depends on the unique properties of the weed of interest, the 
size or extent of the infestation, and the spectnd and spatial resolution of the sensors employed (Bradley 
2014). In some ~ses, the spatial extent or si1..e of the images available is in direct conflict. with image 
resolution. For example, flying at a lower altitude to capture more detail will require more passes to 
cover a given area. An integral part of remote sensing is performing a field-baaed aceuracy assessment to 
ground-tl'llth results. 

There are many remote sensing met.hods that have been used to survey invasive plants. Excellent 
descriptions of different techniques aa well as examples of how those techniques have b~n used have 
been published by several authors (Bradley 2014; Huang and Asner 2009; Lass et al. 2005; Madden 2004) 
and should be read by those conside1ing remote sensing approaches to invasive plant inventory; many of 
these reviews are summarized in table 2 of USFWS (2018). The U.S. Forest Service Remote Sensing 
Applications Center website (https:/lwww.fs/ed.usknglrsacl) also provides excellent guidelines on plant 
characteristics needed to employ remote sensing techniques as well as criteria for selecting the best 
approach for a given survey objective. 

The USFWS's Invasive Plant lnvent01·y and Ea-rly Deteeti1m Gu.-ifk (2018) summarizes fuct.ors to 
consider when planning these surveys and points to existing survey methods, protocols, and mapping 
guides. 
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Southeast Farallon Island Non-Native Plant Inventory 
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figure 5. farallo11 Island National Wildlife Refuge invasive plant inventory map: Erhatta erar;ta. 
Results of island-wide Inventory using field-based mapping methods. Source: Holzman et al. 2016. 
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Invasive Plant Covet' & Distribution 
Kem Hallonal Wlldute Refui-e 
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Figure 6. Kem National Wildlife Refuge invasive plant inventory map. Inventory conducted using aerial 
(helicopter) field-based mapping method&.. Source: Ball and Oltftof 2017. 
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Figure 7. Guadatupe-Nipomo Dunes National Wildlife Refuge Invasive plant inventory map. 
lnveatory conducted usiag aerial (helicopter) grid-based mapping methods. Source: Ball and Olthof 2011. 

Figure 8. Resuhs of early detection surveys for the aquatic plant Elodea (cross between E. canadensis 
and nuttallil) at Daniels Lake, Kenal Peninsula, Alaska. field-based survey. Source: Bella n.d. 
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3.3 Develop Invasive Plant Management Objectives 
Put simply, an objective is a statement detailing the desil'ed outcome or result of management- what 
success looks like. Depending on thi= invasiv.r, plant management situation, expected outcomes likely fall 
into one or more of the categories below; 

■ Pi·eventing intl-oduction of new and highly invasive 
species 

■ C.Ontainingthe extent/preventing further spread of 
exi..~ing infestations 

■ Reducing the cover of existing infestatiom; 
■ Eradicating species 

Although mentioned previously, it's worth repeating here the 
importance of well-crafted objectives; they provide the 
foundation for evaluation, learning, and adaption of 
management to ultimatdy improve ouu,--0mes. They help us 
answer the following questions; is our management proyrar,t 
wtn-king? and if not, why not? 

To answer these questions, we first need to know what 
the desired impact i:;-the objective. Second, we need to 
track whether strategies were implemented or not. Third, we 
need to monitor attrihute(s) of invasive plants (~pelled-out in 
the objective}. 

Four questions an 
objective should answer: 

l. What is the expected change 
and where? 

2. How much change do you want 
to see, and in what direction? 

3. What needs to be measured to 
evaluate change? 

4. Over what time period is 
change expected to occur? 

A well-Cl·afted objective meeti; the following SMART c1iteria (Foundations ofSuc~ss 2009). 
■ Specific-what is expect.cd and where are clearly defined so that all people involved in the project 

have the same underst3nding of what the terms in the objective mean, 
• Measurable--definable in relation to some standard scale (numbel'S, percentage, fractions, or 

alVnothlng states), 
■ Achievabl~chievable and appropriate within t.lie context of the pn•ject site an<l available 

resources. Considerations: poople, leehnical capacity, funding, and political, economic, and other 
constraint!'\. 

■ Results--01iented-focuses on the result of management actions, not the actions themselves. 
■ 'Nme-bound--.specifies when results are expected. 

Avoid ambiguity by wording objec\.ives clearly. A clearly worded objective is easy to understand and 
difficult to misinte11n·et. Avoid 01· minimize using wot•ds and tem1s that are subject to interpretation 
,~ithout numeiic/measurable values attached, such as high quality, red1ice, enhance, and ,·eswi-e. 
Objectives 1;houlil contain a measurable element that can be monito1·ed to evaluate progress; it should be 
clear from the objective what needs to be measured. 

Objectives-no matter how measurable or clearly wlitten- must be achievable. A void setting your 
program up for failure. If you cannot resolve constraints on achieving an objective, then consirler 
dis~a1·tling or 1-ewriting it. Consider both sh,:n-t- and long-teim objectives. Be realistic abr.>ut what is 
required to successfully achieve an objective, and use sound professional judgment to develop reasonable 
expectations of time, staff, and funds available to pursue the objective, Objectives should specify an end 
1·csult rather than state the action(s) that will be taken; when 1·eading a l'i!!lUltii-01-ientecl objective, it 
should be dear what success looks like in terms of the result, not. the actions taken (such as how many 
gallons of herbicide spl'ayed in a given year). Examples of objectives and how well they pass the 
"SMART test" are provided in table 7. 
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Table 7. Examples of invasive plant management objectives and the degree to which they are SMART 
(specific. measurable, achievable, results-oriented, and time-bound}. Generic area names are provided 
in cases where objectives are drawn from existing plans. 

Objective s M A• R T Note3 

Broom-free by 2003! N y y y y Lacks specificity: which bi·oom spe<-ies? 
Whel'e? 

Decrease th.. abundance and extent of N N y N N Whal~ lhi! target invasive species? By 
target invasive species in management when? 
a.rE>.as A and B. 

Eradicate high.prio11ty spe~ies fi'om high- N y y y N Lacks specificity about what species, whel'e 
quality habitats. ei·adication will occur, a11d by when. 

Reduce cover of non-native species in ArP.a N y y y y Whkh non•native specie~ a.re being 
C by 10% by 2020. 1•efet•t~d to? Plants? 

Conduct. EDRR surveys on an annual basis y y y N N Statement about actions that will be taken 
for yellow starLhistle along all l'oad within i·ather than the result. 
District X. 

Annually ><pray all known populations of N y y N y What ~pecie:; of Elodea? Specifies the 
Elodea in Refuge X. management action that will be taken 

rather than the result of the management 
action. 

Eradicate barbed goatgra~s from Areu D y y y '{ '{ SMART objeetive 
by 2020, defined as fmdi11g 110 evidence of 
plants for a period of five growing seasons. 

Redu~ covet· of F1·ench broom in Area E to y y y y y SMART objective 
5% hy 2019. 

Populations of Spotted Knapweed at Areas y y y y y SMART objective 
B and C will decrease at a !'ate of 25% pe1· 
year until eradicated by 20 IO. 

• Note; We assume objectives wel'e written to be achievable. 

Developing objectives that are acllievable over the life of you1· Plim requil'es ex11mining several key 
pieces of information including-: 

■ Wbat specie!! and areas are a focus of management? 
■ What is the status of prio1ity species within the Plan scope? 
■ What al'e the major constraints: accessibility, spatial scale, availability of people or funding, 

technical capacity, regulations, politks, etc.? 

3.4 Develop Invasive Plant Management Strategies 
An invasive plant management strategy is a collection of activities 01· projects aimed at pl'eventing, 
e1·adicating, containing, and/or suppressing (asset-based protection) tai-geted inv.1sive plant species. 
Deciding which activities to employ and where can be a complex process because there are many faclo1-s 
to consider, such as species abundance and ecology; site characteristics such as scale, sensitive resources, 
and accessibility; capacity to implement (people, funding, and techni~al expertise); and socio-political 
issues. If you have completed the initial planning steps- gathering site $pecific information, piforitizing, 
assessing status, and developing SMART o~iectives (chapter 2 and sections 3.1-3.3)-you are well
positio1,ed to design an effective and achievable ~trategy. 
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In this section, we summarize the four basic approaches to invasive plant management (prevention, 
eradication, containment, and control) (figures 9 and 10) and point t-0 techniques and resources to help you 
design an optimal invasive plant management strategy. In addition, appendix. A lists other resources for 
understanding invasive plant ecology, imagery, and management t~hniques (prevention and control). 
Appendix B points to publicly available Plans and the types of information they contain; these Plans 
serve as examples of information discussed in this section. 
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Figure 9. Approaches to invasive plan1 management at different stages of invasion. 
Source: Agriculture Victoria 2002. 
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Figure 10. Generalized species invasion curve (the S-eurve) and associated management approaches 
and cost-benefit ratios as area occupied increases. The amount of benefit for every dollar spent 
decreases as the area occapied increases. Source; Agriculture Victoria 2002. 

3.4.1 The Four Basic Approaches to Invasive Plant Management 

Prevention {or Biosecurity) 
Preventing the introduction of invasive plant species is the fi1-st line of defense against invasive species 
(figures 9 and 10). Together, prevention with ED RR is the most oost-elficient way of reducing the 
eeonomic and ecologic.al coots of invasive species. Once established, invasive species can be extremely 
difficult and costly to remove. Even after suooessful removal, damage to food web dynamics, nutrient flow 
mechanisms, and other in.tricaciea of the original ecosystem may persist.. 

Invasive plants are introduced (and spread) by vectors. A vector Is the conveyance that moves a non
native propagule t.o its novel location (Lockwood et al. 2013). Invasive plants can be transported by 
natural means such as wildlife, wind, and water. Transport also occurs by anthropogenic means; human 
activities that can inadvertently lead to invasive plant introductions include: 

■ Importation of contaminated mate1ials such as plants, mulch, wood, soil, gravel, or animal feed. 
■ Recreational activities such as hiking, biking, boating, and camping. 
■ Land management activities (earned out by staff, volunteers, partners, and contr-Actors) that 

involve movement of people, vehicles, or tools. Examples include inventory and monitoring, 
routine maintenance activities (such as mowing), restoration activities, fire management activities, 
and invasive plant management activities. 

■ Other human activities that lead to disturbance or disruption of ecological processes, thereby 
creating novel situations and opportunities for invasion. 
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Examples of locations that are vulnerable to invas'ion include: 

■ Vector patbwaye. A vector 7mthway is the route between the non-native propagule source and 
release location (Lockwood et al. 2013). Common vector 11athways include roadsides, trails, 
waterways, and utility corlidol'S. 

■ Areu where humans and their vehicles/tools frequent o:r congregate such as buildings, boat 
launch sites, campsites, and vehicle Ol' tool storage areas. 

■ Are.as of high !ntenatty or frequent disturbance (natw:-al and anthropogenic). Distut·bance 
facilitates invasion and can be described as a "relatively discrete events in time that (disrnpt) 
ecosystem, community, or population structul'e and (change] 1·esources, substrate availability, or 
the physical envit·onment" (Lockwood et al. 2013; White and Pickett 1985). Examples of 
anthroJJogenic disturbances include restoration 01· enhancement activities, l'egula1· maintenance 
activities (such as mowing}, resource extraction, and toxic spills. Examples of natural disturbanee 
events include floods, tides, fo·e, and erosion. 

Understanding the likely means of intrnduction and trMs11Mt of invasive pl.ants at yom· site is key to 
developing prevention ot· biosecu1ity strategies. 

Eradication 
Eradication is the complete removal of an invasive plant species (including reproductive propagules) 
from a defined area (figul'es 9 and 10). Eradication is most fea3ible when an infelltation is small. 

To understand how the size of an infestation affects whether eradication is an achievable objective, 
Rejmanek and Pitcairn (2002) analyzed dec:1des of eradication effo1'ts by the California Department of 
Food and Ag1iculture and found that eradication of in.testations sm11ller than 1 hectat·e (2.6 acres) was 
usually successful, while only a third of infestations between 1 and 100 hecta1·es (2.5 ancl 2SO ac1-es) and a 
quarlei· of all infostations between 101 and 1,000 hecta1·es (250 and 2,500 acJ:es) were eradicated (figure 
11 ). Costs associated with eradication increase dramatically with size of infestation. 
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Figure 11. The dependence ofthe eradication success (%1 and the mean eradication effort per infestation 
(work hours) on the initial size of infestations. Source: Rejmanek and Pitcairn 2002. 

Successful eradication projects l'equil•e (1) having adequate resou1,:es and commitment to see the 
))roject through to comJ)letion; (2) having an entity with authority to implement eradication; (8) fully 
undel'standing the biology of the species; (4) having the ability to detect the target speeies at low 
densities; and (5) having capacity for subsequent i·estoration of the system (Simbel'loff2003). 
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Eradicating invasive plant populations when they 111·e small requires that we first detect them and 
then eradicate them quicl.-Jy before they become widespread and abundant-a concept commonly referred 
to as EDRR. Eal'ly rletectior, involves systematic and repeated surveys for new species. Early detection 
i1urveys ar .. commonly focused in areal; at high tisk of invasion such as vectol' pathways, areas where 
vectors congregate or frequent, and distu1·bance areas (see Prevention section above for more detail on 
this topic). USFWS's Invasive Plant Inventmy and Early Detecti,ni G11i<u {2018) summarizes factors to 
consider when planning ea:rly detection surveys and points to existing survey methods and protocols. For 
example, the National Park Sen·ice has developed invasive plant early detection protocols for several of 
its park netwo1·ks (https:/!un.vw.nps.govlimlnetwo1·ks.htm). 

Along with formal early detection surveys, an organization should also have a structure in place for 
reporting incidental observations of potentially new and ha1mful invasive plant species. Observations 
should be confinned by an experl, and then the priority of the species for eradication should be evaluated. 

Containment 
Containment is defined as any action taken to prevent establishment or to control a plant species beyond 
a predefined a1·ea known as the containment miit. Control is defined as the act of rerlucit\g the occu1Tence 
or abundance of invasive plants using one or more IPM chemical, biological, cultural, or mechanical 
removal techniques. 

The containment unit comprises the area where the species currently exists (occupied zone) plus a 
sunounding buffe1· zone that is free from plants but can receive propagules (such as seeda) (Fletcher et 
al. 2016). Containment is ty1iically undel'taken when eradication fails or is infew.iblti (figm·es 9 and 10}. 
Containment involves repeated searching and removal of individuals (EDRR} that a1ise ,\ithin the buffer 
zone, but it can also encompass prevention activities t.o slow the rate or spread into the buffer zone as well 
as suppression of populations within the occupied zone. Containment must continue indefinitely \lnle~i; 
the means to suppress and ultimately e1-adicate the core infestation become available. Given thii1 1·eality, 
it is worth ex:amining the cost of e1·adication ver.sus long-te1·m containment. 

Containment may be a viable option (over eradication) wherever a species occu1iies a lru,ge area, has 
small dispe1·sal distances, and has long-lived seed banks (Fletcher et al. 2015). In addition, the longer ;.m 

infestation ha:; been established and the fuither it has !;pread, the more likely containment will be 
<:heaper than eradication (li'letcher et at. 2015). Containment may also be a viable option int.he short tenn 
when resources al'e extremely limited. As additional resources become available, reducing-and 
ultimately eradicating-the extent and abundance of plants in the oceupied zone may become more 
feasible. If containment of a species is the desired apptuach, your Plan should clea1·ly define the 
containment strategy, including what species will be contained, how, under what conditions, and where 
(defining the containment unit or arett). See Fletche1· et al. (2015) for more information on how to ae.sess 
whether containment. can outperform eradication, and under what conditions it is a valid management 
approach. 

Asset-Based Protection 
Asset-baSGd pl'otection means limiting invasive J>lant control activities to portions of an infestation t-hat 
dil·ectly threaten high-value conservation targets (such as areas supporting a high-valued species, 
community, ecosystem, or culturally significant al.set) (figm·e 9, 10). Asset-based pi·otection is commonly 
practiced when an invasive species is widespread and ab,mdant and there i:; little hope of eradication. As 
v.rith e1-adication and containment, a variety of techniques can he used to 001\tl•ol invasive plants (see 
section 3.4.2). 

3.4.2 Prevention and Control Techniques 

Prevention Techniques 
Identifying the most approp1fatc t~hniques !o1· p1·eventing the i11troduction or spread of inv.1sivc pl.1nts 
requires: 
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1. Cleai· objectives-knowing what you want to prevent an<l where. 
2. Site-specific knowledge about risk-areas within your spatial scope at high risk of invasion and 

human activities that are likely to lead to invasion. 

This information will directly inform the types of techniqu~ and b~t management practices (BMPs) to 
reduce risk of invasive plant int1·oduction and sp1-ead. Useful refe1·ences for .:onducting invasive spedes 
risk assessments and identifying prevention techniques suited to your situation are listed below: 

■ P.re·uenting tli£ Spread of Invasive Plaiits: Best Management Practices for Land Ma:IW{/er.~ 
(California Invasive Plant Council (Cal-lPCJ 2012). This resource includes helpful BMPs for a 
range of activities. Web link: hUps:lfwww.cal
ipc.org/docslbmpsldd9jwo1·ml8vttq95:!7zjhekll9qr!BMPLmulManager:pdf 

■ Compendium of Recommended Proced·1m~s and Best Management Pmctices Relevant to 
Minimizing the Introduction of Invasive Species by Sei-vice Activities (USFWS 2016). Covering 
all taxa, this resource points to a wealth ofinformatirm ahMlt risk assessment methods, prevention 
techniques and practices, and outreach and communication materials. Web link: 
https:llecosjws.go1J/ServCat/Refer1:m:e/Pro/ile/I05555 (Appendix 2) 

■ Guide to No:ciot<s Weed Prevention Pral.:tice11 (USDA Forest Sel'vice 2001). This guide i11dudr.s 
helpful BMPs for a range of activities. Web link: 
https:llwwwJs.fed.11slinvasivespeciesldocumentsl FS_ WeedBM P _2001.pdf 

Ideally, a formal inva!live plant risk a!;sessment is conducted as part of the planning process. If time does 
not allow for an assessment, it should be c.alled out as an activity so that pl'evention measures are focused 
on the highest-1isk areas and activities. 

Control Techniques 
As noted above, inva!live plant control is the act of reducing the occurrence 01· ahundat\ce of invasive 
plants m,ing one or more techniques (such as chemical, biological, mechanical, or culhu·al l'emoval). 
Sevel'al factors should be considered when selecting control techniques, including: 

■ Management objectives-what you are trying to achieve (sec section 3.3) 
■ Target species ecology, dist1·ibution, and abundance 
■ Capacity lo implement people, cost, and technical tapacity 
■ Site characteristi~s such as scale, accessibility, and politics 
■ Potential non-ta1·get effects 
■ Likelihood of success 

Ideally, multiple techniques are llmploycd for a given species or species gmup to avoid development of 
1·esistance (figure 12). Resistance is a decline in effectiveness of a particular oontrol technique over time. 
Reliance 011 any single technique to control weeds result~ in selection for species or populations that ci1n 
survive that practice (Coble and Schroeder 2016). A clear ll-ign that resistance is occurring is a decline in 
effectiveness over time. Invasive plants can develop l'esistance to any type of control technique (such as 
mechanical, chemical, 01· biological), but it is more commonly assocmted with herbieide use. The 
Intemational Survey of Herbicide Resistant Weeds (2018) repo1ts thel'e are cmTently 4!16 unique 
cases (species x site of attion) of herbicide---1·esistant weeds globally, with 255 species {148 dicots and 107 
monocots). Further, weeds have evolved t·esistance to 23 of the 26 Jmown herbicide sitei; of action and to 
163 diffe1·ent herbicides. 
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Figure 12. The process ot selection for herbicide retlstance. Resistance individuals tblue~ increase in 
number over time as a result of herbicide selection pressure. Source: USA Herllicide Resistance Ac1Jon 
Committee 2018. 

Table 8 below summarizes invasive plant contt·ol techniques and related advantages and 
disadvantages in their use. Each technique can be earried out using a variety of meU1ods. A review of 
species-spe-0ific control information (published literature, books, invasive species websites, local experts) 
ia a necessary step in developing your overall strategy (section 3.4.3). There is no single resource for 
invasive plant control techniques. Appendix A pl'ovides a wealth of online resources for invasive plant 
management, many of which lead to species-specifie control information. 
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Table 8. Summary of invasive plant control techniques !adapted from Tu and Robinson 2013). 

Techniq1u, Adoontages I>isild~•tmta{le-S 

Manual: physiul N!mo\'al of Little ti-aining is needed for s11fe May be time- nnrl hilior-intensivc for 
invasive plants using non- use of many tools, and they can be model'ate to large infestations. Some m11nual 
mechanical tools ~uch as ,i,;ed in a varii,ty of :situaliolll!; tools may be dange1'0us to use. Po~ntial non-
hands, shovels, picks, axes, hand tools are l'elatively low cost target effecLs: inadvertent disturbance lo or 
hantl-saws, 01· machetes and can provide vei-y specific and removal of non-target species. 

targi,ted control. [deal for smaller 
infestations. 

Mechanical: physical Many touh1/equipment can be May be time- and labor-intensive fol' 
remoVlll of inv11sive plants used in a variety of situations and modi,rate to large infestations. May require 
using mechanized tools such have low implementation costs. qu111ified individual~ 01· tui11ing to operate 
as mowers, brush-cutters, Can µruvide very speci!ic and some mechanized tools oi·equipment. 
chainsaws, 01· earth-moving tal'geterl control. Irleal for small Potential non-target effects: inadvertent 
equipment infestations. distm·bance to or removal of non-t111·gct 

species. 

Cultnt'al: land management Control or moderate to large In some cases, may lead to an increase in 
pl'acticl!ti 6Uch al! grazing, infestations may be possible. Can invasive plants if not used appropriately. 
prescribed fo-e, or be low effot1: and cnst per un.il Often will not completely eliminate the tal'get 
irrigation/flooding acl'e 1·elative to other tecllniques. species from an area. Potential non-tru-gct 

In some cases, may lead to effects: inadve1-tently distm·l>s 01· 1·emoves 
positive nispon~e by native non-target species and promotes invasive 
pl11nts. pl11nt spread. 

Riologi.cal: introduction of Relatively low cost per unit acre. May be expensive to develop. Often does not 
novel predatOl'S, p11t·a9ites, May keep invasive plants at a low lead to eradication ofthe tuget inv8sive 
and pathogens such as level ac1·oss large landscapes. species. High l'isk of unintended 
insects, fungi, or microbes, Long-term eCfcetiveness is consequences to native species and 
to attack an invasive plant limited; must t'(lpcatcdly treat communitie.'S. 
species invasive plant infestations once 

bioco11trol agents a1·e el;tabli:sheu. 

Chemical: application of May be a cost-effe<:ti\•e approach High 1·isk of unintended consequences to 
herbicides to kill invasive lor larger infestations and lead to native spe(ies and communities. Unintended 
plimts cff~tive contl·ol when used consequences may indude <:0nU1mination of 

appt·opriately. Often a va1iety of soil or water, harm to or removal of non-
application rnechanfarrus .1vailable target species, human expooure, and health 
(ground and ae1;;il). issues foi- applicators. May be expensive to 

obtain and/or apply chemic11ls. Often more 
t·egul.!ltory requireme1\ts to apply. May be 
controversial in some areas. 

Restoration of ecusyi,tem Worlie; to bring Lhe pl'oject site to High cost. There ma.y be a time Ille Lo realized 
processes or composition :1 desired :ind/or native slate lhal . b~nefius. May not lead Lo elimination of the 

is more resistant to invasion ove1· targel invasive species. 
the long term. 

3.4.3 Selecting an Optimal Set of Strategies 
A:n invasive plant mam1gement strategy encompasses speeies or area-speeific activities t.() achieve youl' 
objectives ~md avoid unintended harm to natural or cult\lral resourees (non-target effects). Developing an 
optimal strategy requires evaluating the impact and feru,ibility of diffe1·ent combinations of approaches, 
technique/I, and methodologie.-:; (we 1~fer to these combinations collectively as activitws). We suggest 
b rainst.orming potential activities with youl' objectives in minrl, and then selecting a po1tfolio of feasible 
aetivities that is most likely to help you attain your objectives. It's worth emphasizing here that 
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objectives should be the major factor driving the bramstorming process. Other factors used to evaluate 
the value of different. invasive phmt management activities are presented in table 9. 

Tools and approaches fur sele~ting an optimal set of stl·ategies 1·ange from simple to complex, but 
most involve answering questions about the pet1'ormanec of a pmjeet or activity relative to your 
objectives, the feasibility of can-ying it out, and the likelihood of non-target effects. Regardless of the 
method, involving your pi-oject team to build consensus around decisions is important. Tahles 10 and 11 
provide simple examples of evaluating alternative activities. Decision trees (figure 13) can also be a useful 
approach. The Invasive Plant Management Dec~ion Analy$is Toot (https:llipmdat.orylipmdat.litmt) is 
an online decision support tool for evaluating different appt·oaches to managing particular species. Thil> 
tool does not tell you what to do; rathm·, it helps you evaluate va1·ious alternatives you have 
b1·ainstormed. 

Whether your approach i::; simple Qr compleK, bt-ainstorming and evaluating im1}acts and feasibility 
lead lo more objective and transparent decisions, help teams reach L-onsensus, provide a record of how 
decisions were made, an<l increase the likelihood that the stl'ategy is implemented and su.ccessful. 

Table 9. Factors tG consider when developing an invasive plant management strategy. 

F~l"1' 

Management objective(s} 

S!)ecies ot· species gi·oup 
characteristics 

Non-target effec~ 

Likclihoo<l of success 

Feasibility of imrlementing 

ta,1d Ma,1oger's Gu"1e to Oeee/opifl/l ~• 
tnv,IS/ve Pliml Maila(letl)MI Plan 

Desc•-iption 

The degl'ee to which a11 activity will lcacl to achieving a management objective 

The degi·ee to which lne aclivily is well-suited to the species ecology. dist,t'ibution. 
and abundance within the management scope 

The likelihood imd tleg:ree lo which tlie activity will result in unintended negative 
impacts on the enviro11ment or human.~ 

The le nil of ci,rbinty lhal the activity C31\ be successfully implemented ancl will 
work as expected 

Cost anti tluration; Leclmical expertise requil'ed and available; sociopolitical 
concerns; training or ce1tificatiom; required. Y ou1· Ol'ganization may have 
sophisticated cost-estimating software, but in many cases II simµlc ~prcadshcct 
will do. l11venloi-y data, if available, can be used w estimate costs. Cost pel' unit 
area can be ,lerived from pasl management onsite 01· from interviews with others 
who have implemented simila1· activities. 
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Table 10. Sim,lified exaqtle of evBluati~g allernati11e invesi•• plant management acliwiliet to, objectives fl!CU1ed on preventing eSfabllsluaent 
of new invasive plant populations (O~joctive 11, 1"Bdi~ling Species A from the entire $Ile (Ollj&etlve 2t. containment of Specie$ B to currellt 
eirtent {Objective 31. and suppressing Specie, C IObjectiwe 4). Objec1ivu dro-.a the development of activities. 

Ob;r,t,r.o(x) No11-t<,rget 
Activity addrv.1,11.f:d r.nlt!JWY (ntpar.l i,-.,.,ibihly •ff•<I• 
Develop und pro,id• stnfl' •nd <0nll';\Clot· tr.unlll!: for l)l"ennting the •P~•d of H High High L~"' 
inva.,;ive plants lll:111',;); implement B~IP• 

Dev,Jop and implement e11·ly detection p:rotoool foC11,e<t on priority ,:arl)· tklc~ti•n l lligh Low Lov.· 
xpttil!.~ 

Er,rli<:--.tt-e all early det@ction )C~"~• iffounct, Ulfini- non.ch.~mical mtthud..;: I High N<dillm Low 

i!:rJ<licute Speci~ A (roman m..inagemtnl. are,,:s ming ht!rbitfde:s (;1lt~mid\ng 2 Mtt1li\Lm High Medium 
Hel'bicides X and YI 

Er.«lic,ilc Spo<,ics A from all mol1'1g<,nt,nl ;U"e•s using m~:inic•I (m<11<1"i;) ol\d 2 mg+, Hiet, Medium 
chemical method, (Hoit>lci<le X) 

<'.om.ain cu11·enl .xunL or Species B u,ing chemi,;,i\ control (ol\ol'na\ lng lktbkidi:$ 3 Jliglt High Low 
XarodY) 

Cont~'in current ~:<ttnt o(Speci~ P. u~ing m11nwl or mechi,u\ia1J methods (}111.n<l 3 Medium Low Low 
pullin~ anrl mo,nni;) 

Floofi ~reas inftated ~ith Spetits C. followed lJ.r ~t.iw: ruttiv~ l)lanl ~1.oratiun 4 Higl, Medium Medium 

Use fire t<> supp1-..os >bund~nre or Spc~ C ,.,thin •~u containing r,,re plants 4 ~[edium Medium Low 

u.., gr,zing •ntl Heibkille Z t• sui,p.ress $bund,,ncc or .Sp,:cics C within a,~a• 4 High Me-di\1m Low 
containing 1-are planLS 

Notes: imp~t = th~ degTe4? to ,..-h.ich th~ action will help nl«'t one: m· ,no1-c itwasi\•c plant management objc~tivcs; foaslbility • degt•(<e to whk'h .'.\tUvity i~ 
finan,ially. t«hnically. llllrl i,,,liti<ally (taSil:,le: 1101Hergc1 cffct\$ = po\cnliol for harm lo 110\ural or cul1urol 1~ow-,e:s •••result ofln,•3slve pl~nt 
management act.ivities. 

UMM,111~'.$G'IA«'r<l'D1htlt'P1'i* 
JMJil'f' P,r-,t Mlivge,nri,,l h8t, 



Table 11. Simplified example ol evaluating allernati\'6 in,uiYe plant management actlvltlH for obJectlves focused oo preventing establisl11nent 
of naw invasive plant populations !Objective 0. keeping cle•n a,ees cleaA lrom priority lnvulve plants !Objective 2), eradicatiag Species A 
!Objective 3), preve11tlng ,pr.ad and reducing elltent et cover ot current infestations of Species B IO•i•ctive 41, and understanding distribution of 
priority Invasive plants and asing this informatioA to reline abjectir■s (Objactivo 5). 0bjeclmis drove Ille typH of acti~tie, propos9il. 

<Mjeclive(.,J N,:,,,.t.,rget 
Arlwity -0ddrc,std Impact ~·,,uibilitg eff«I• 

Conduct inVlW.\'f plant 1;..ik &.~~e.,~me-nt (identiry high risk :itrea.,. and acth"llie-d) I, 2.:J. 4 H~h High Low 

Devel.p ,rnd pl')\idc Sl:uf and rontractor trainini; for prevffllion ,md avoidini; th, opr•ad ll)W..; I. 2.3, 4 High Mulium L<iw 
implem,nt Bim, 
O.velop u11d i,nplenx,nt ED protocol forusat on p1itdly early dete<lion speeles. Su,•v•y~ conducr..,d I, 2 llig)t M,dium Low 
i:tnnuall)· in h.i.~h vrioril)' ~a~ (dean 01·c-.1ii, \v~land~ . .tn-as tonl~inini l'are sp:-cie.s) l\nrt e,-cry ~a ye~w~ 
in lo\\·er prio1ity l::t.re~. 

Entdiatle SJ>eci~ A w-ing a tornbinalion of nor,-clicn,ical n,rtho&. (h:md pulling, mowing) l Medium Medium Metlium 

Er~dl~te Spe<ie.s A lrom aU m,n:,gem,nt •= using 11Wltul thand pulling), me<:11:in.ical (mo1'ingl. aml 3 High High ~tedium 
ehemlt:11 melh~d• IH>lflici<I• Xl 

Cont.sin <:t.lt'N:nt exttnt o(Sp::de.$ Bind 1·t«l\le.e a'bc.mdanre of infe.::s\~ttion::s in hieh. priority :lre.a.::s usini 4 High (..on• :\f~1lhun 
Horbicidos X and Y. 

Con\i:tin cu.r~nt ext-ell\ (If $l)C('iC$ ~ and reduce ubund:mre of lnfeshttions in hiih priority areas. mint 4 High Medium M~dium 
goat~ -0rolhe1· ht:t·Uivvr~. 

Ui,,e r,re to$UJ)l•r~~~l,uttd»a\!&ofSpe<'ics B ",lhintU:Cas oontQining ro.re pl1mts 4 Mediwn MediWl'I . High,_ 

Cond11tt inventory of priority im·asive plants 6 High ~lctlium Low 

Notesi; nupact = tht dr.grc-e to wtueh the achon. w11l help llle'et one or mor4? in\'asi\·e pbnt. man:\ge:mient obJ~rt1,·~ rP.as.1hitity = do.gt"~ to whu:·h ac\1vi1y u 
11nan-:iall.)•, tc~hnitJlly, and potiti< .. 11ly !t".'\Sible; non-t.:trgei effecle.;; potent1:\\ for hann lo n:U.u~I or cultur-.11 re,:.01.m:ieA as a result of l.11\-asivc plont 
managEffltnt activiUe& 

LA"'1M,,.,.,,'sGi;i.1,etc>°'1h1]~MI 
h.-J~'fA)Mf.~~,u~ 
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figure 13. Invasive plant management decision tree for Redwood National Park and Sama Moniea 
Mountains National Recreation Area. Souree: National Park Service 2017. 

3.5 Avoid Unintended Impacts of Invasive Plant Management 
Although the purpose of invasive plant management is to pl'event and reduce harm to important natural 
and/or cultural resources, unintended negative <:onsequences (non-target effeets) can result such ae soil 
erosion, loss of native species 01· species habitat, reinvasion, secondary invasions, or further spread of 
invasive plants (table 12) (Zarnetske et al. 2010; Cal-IPC 2015; Pearson et al. 2016). 
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Table 12. List of commonly cited unintended consequences of invasive plant management activities. 
Many ol the consequences listed here are possible with any invasive plant management activity. 

U11i11tended conseqttence De8t-ription 

Soil digtw·bance, compaction, or Equipment use results in soil disturbance or ~mpaction. Removal of plants 
erosion and creation of bare ground can lead to erosion. 

Water quality impacts Chemicals or other introduced material:; (such a!; sediment) can impair 
water quality. 

Hann to non-tai-get plants People, equipment, OT materials result in impairment or mortality of native 
pl.ants. 

Dil-ect hann to wildlife People, equipment, or materials result in wil<llife displacement, impainnenl, 
or mol't<1lity. 

Indil·e,:t hiu·rit to wildlife People, equipment, or materials result in alter .. tion of v.-ihllife habitat. 

Direct or indirect harm to cultural People, equipment, or materials result in cultural 1•esom·~ damage 01· loss. 
1·esources 

Further i;pread or invasive plants People a11d/01· equipment become vectot·s of invasive plant sp1-ead. 

Create conditions for reinvasion Activity results in soil dii;turbance or creation of open areas that are 1·e• 
infested. 

Human Sllfety risk Activity poses a risk to human safety. 

Steps to reduce th.: likelihood of non-target effeets include: 
1. Assess the types and magnitude of non-target effects from 1n·oposed invasive plant management 

activities. 

2. To the extent feai;ible, thouse a port.folio of invasive plant management activities with the lowest 
likelihood ofnon-tar~t effe<:ts. 

3. Integrate RMPs into your invasive plant management prog,:am to avoid non-bll'get effects. 
4. In cases where non-target effects cannot be avoided, develop meaimt·es to help mitigate the non

target effect. This ill a typjcal requirement of environmental permitUng, which may contain specific 
restrictions based on the invasive plant management V.'Ork in relation to high-value i·esour~es such as 
i;pecial-status species, sensitive species habitats, or wetlands. 

A useful resout•ce for developing BMPs to avoid non-target effects from invasive pl.int management 
activities is: 

■ Best Man.a(lement Practices (BMPs) for Wildla:ml Stewardship: Protecting Wildlife When Using 
Hel'bicides for Invasive Pla;nt Management (Cal-IPC 2015). Among other information, the manual 
contains risk ,;harts for potential impacts on wildlife for commonly used herbicides. Many of the 
BMPs in this document at·e applicable for other invasive plant management acti\'ities other than 
herbicide use. 

Also see section 3.4.2 for a list of re:soul'ces that, include BMPs for preventing the spread of invasive 
plants and appendix B for examples of BMPs in existing Plans. 

3.6 Conduct Work Planning 
Up to this 1>oinL, you have identified priorities, developed objectives, and devised a set of strategies to 
achieve your objectives. The info1•mation genernted so far does not provide the speeificity fo1· 
implementation-this is the job of work planning (often refei·red to as implementation planning or 
operational plamiing). The purpose of an opei·ational plan is to provide those responsible for 
implementing your st..rntc1,ry (anti associated activities) 'A-ith a clear pictw·e of what needA to get done, 
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where, and when, as well as how much it wiU likely cost over a spedfie<l period of time. Commonly, 
organizations develop 2- to 5-year opei-ational plans that guide ant\ual work. Without an operational plan, 
it is highly likely yow· invasive plant mimagement strategy will not be implemented. 

The level of detail needed in an operational plan depends on the inte11ded pm-p,:ise and audience. In 
gen&ral, a multi-year operational plan should be developed that specifies: 

■ Tasks and locations associated with Plan activities 
■ Who is responsible for ca1Tying out activities 
■ Costs associated with activities 
■ Performance measures or indicators-in other words, a means for assessing the degn;?e to which 

an activity or task was c,mied t•ut. 

Because conditions change over time, such as fluctuations in funding and/or i;taff, the operational plan will 
change and should be revisited frequently (such as annually). This information is critical to infonning 
your organization's work on an annual bash;.. See appendix B for examples of Plans with work planning. 

3.7 Monitor and Evaluate 
Following implementation of invasive plant management strategies, managers should be able to answer 
these key questions: 
1. Were activities implemented as planned? If not, why not? 
2. Are we achieving our management objectives (ot· moving towards achievement)? 

Answering these questions requires monito1ing. Monitoring 
is the periodic pt·ocess of gathering dat.a to as~ess outcomes 
relative to y<Jw- actions and your objectives. If you intend to 
practice adaptive m,magement, monitoring should be 
conducted so that your organization can Ul\derstand wheth.ei
yom· prognm is on track and identify adjustments to improve 
outcome!';. Other important benefits include: 

■ Enhancing accountability, credibility, and 
t1-ansparency with external donors, policymakers, and 
the public. 

■ Strengthening ownen.hip of the work by partners and 
st.akeholders, thereby improving the sustainability of 
the work. 

------------
"Monitoring should be done for 

learning, adapting, and 
improving. As such, it is 

important to collect the right 
information that will help you 

learn the most about your project 
site and the effectiveness of your 

interventions.H 
Foundations of Success 2009 

■ Capturing lessons to share with the broader conservation community, thereby improving learning 
beyond your organization. 

3.7 .1 Protocol Development 
Rega1·dless of the survey pm-pose, any natural resource sw·vey effort, such as monitoring invasive plants, 
requires a set of i~tructions or a protocol. A ))l'Otocol should include enough detail so that someone 
unfamiliat· with the survey understands what, why, where, by whom, when, and how a survey is 
conducted (USFWS 2013). This includes identification of the management objective the survey will 
inform, what will be meas111•ed, how measu1·es will be taken, considerations and costs fo1· <h1ta collection, 
1lata management, analysis, and repo1ting of results. 

Before investing in pl'otocol development, dete11nine if an existing pl'Otocol could be adapted to meet 
your needs by i;earching online databases (sueh as the National Park Service Data Stoi·e 
(https:llinrw..nps.gov!DataStore/J or the USFWS Service Catalog (ltttps:l/ecos.fws.gov/ServCatl)) or 
talking with local organi7.ations involved in vegetation and invasive plant management. More detailed 
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information about developing rnonito1ing p1·otocols can be found in How t.o Develop Sm11ey Protocols: A 
Handbook (USFWS 2013), Guidetines/01· Lo11g-term Monitoring Prowcols (Oakley et al. 2003), ancl 
Guidance for Designing an fategraMMon:itol·ing Program(National Park Service 2012). A good 
reoouree for developing survey designs is lv/eas1i1'ing and Monit<»'ing Plant Popiilatfon:; (Elzinga et al. 
19AA). In addition, USI<'WS l'ecently completed an Invasive Plant Inventory and Early Detection (}uide 
(USFWS in prep.). Lastly, examples of invasive plant inventory an<I monitoring protocols and reports are 
provided in appendix B. 

3.7 .2 Data Management 
Invasive plant management involves the collection and management of data about (1) management 
actions (when, where, what, by whom) and (2) the status and trends of plants. Uood management of dRta, 
whether they be spatial or non-spatial data, mal<es the data easier to access, underl'!tand, use, and share, 
but is one of the most commo1)ly ovr.rlooked aspects of invasive plant management. Over time, poor data 
management can result in wasted time and money heeause the rlata cannot he found or understood. 
Ideally, a Plan should emphasize the im1>011:ance of data management and describe basic data 
management practices that should be followed, such as: 

■ Metadata standards that should be u~ed, ~uch m;. the Federal Geogi1'phic Data Committ~ 
geospatial metadata standal'ds or the No1th American Invasive Species Management Association 
standards (for invasive plant surveys). 

■ Descl'ibing how data will be org-,mized and stored (su.ch access databases, geodatabascs, oi
establishcd data management systems). 

■ Desc1ibing naming standards for species, such as the lntemational Taxonomic Information 
System. 

■ Establishing file naming conventions. 

Well-developed data management systems and workflows can save an organi?..ation significant amounts of 
time and money, provide .:ontinuity ofwo1·k despite atafftumove1·, and pl'ovide a strong legacy of 
information to guide future decisions. Examplei; of Phlni; with data management elements are identified 
in appendix B. 

3.7.3 Evaluation 
Eval11atfon here refers to the regular assessment. of outcomes. Such information is used to adjust youl' 
management st1-ategies, as needed, to achieve your management objectives. Organizations should identify 
a mechanism for regulal'ly checking in to assess outcomes. Evaluation should be conducted by people who 
are implementing the Plan as well as those who di1·ect or planned the work. This may include annual 
evaluation and work planning as well as longer-term-interval {such as 5-year} Plan updates. 
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Chapter 4 

Writing Your Plan 

This chaptei- describes the suggested element.<; and associated content of 
a Plan. It parallels the content generated in chapter :3 and follows the 
Plan template in appendix C. Appendix B also points to publicly available 
Plan examples. The level of detail a Plan contc1ins depends on its au(lience 
and intended use. For example, if the Plan's purpose is to guide on-the
ground invasive plant. management activities, then a high level of detail 
may be needed to inCJ·ease the likelihood that the Plan is ca11ied out as 
intended, especially as staff change over time. 

4.1 Plan Introduction 

Sahara mustard 
Bra.stica to1wnejOl'tii 
CAEOIT: ©Ryan O'Od 

The introductory sections of a Plan state its purpose and need and provide an overview of the 
management context. Further topics include the spatial scope, environmental and/or cultural setting, 
conservation targets, existing management goals and objectives, history of invasive plant issues at\d 
management, and regulatory context. These topics are summarized below and appear in the Plan 
template (appendix C). 

4.1.1 Plan Purpose and Need 
'lour Plan should identify the purpose and need fo1• an invasive plant management program, clearly 
articulating why the organization must take action. Plans often start by describing how invasive plants 
currently (or have the potential to) decrease biodiversity, degrade habitat, decrease water availability, or 
threaten recreational uses or infrast.ructure. Some also detail how invasive plant management is 
important for meeting the organization's conservation vision and goals. The more links you can draw 
between site conservation goals and how invasive plants impede those goals, tile better. Doing so 
increases the likelihood that the need fo1• invasive plant management is understood by leadership and 
other stakeholders and is ultimately supported. You may also want to consider linking invasive plant 
management at your site to other local, 1-egional, or national efforts aimed at reducing harm from invasive 
plants. 

Ideally, this section of the Plan also describes the intended audience and how the Plan should be used 
(and adapted) over time. 
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4.1.2 Spatial Scope and Setting 
A dear spatial scope shows the rough geographic boundaries 
where invasive plant management will occur. To orient 
readt.rs, it is useful to include in your Plan a text de.:ic1iption 
of the spatial scope as well as ma.1)6 showing boundaries. 
management units, and place names. Other relevant 
spatially referenced information may include topography, 
watersheds, hydrology, soils, ecosystems, vegetation 
communities, 1-oads, trails, and/or infrastructure. 

The set.ting should provide a b1ief background on site 
establishment and governan.::e. It should also provide an 
overview of major environmental features such as 
ecosystems, landcover (such as hydrology, soils, or 
vegetation communities), important ecological faatures or 
functions, sensitive biological resources such as federal or 
state-listed endangered specie$, important cultural 
re.sources, and any other defining characteristics oft.he site 
that should be considered in the conteid, of invasive plant 
management. This information helps to ground invasive 
plant management in the larger context of yow• 
organization's work. It may also point to particular 
challenges that should be conaidel'ed when developing or 
implementing invasive plant management strategies. 

4.1.3 Conservation Assets and Goals 

Conservation Assets 
The term conserva.tion a8seta here refers to species, 
e-0rnmunities, or ecosystems that. are the focus of 
conservation efforts within the Plan's spat.ial scope. 
Conservat.ion assets may also include import.ant 
physical, cultU1·al, or paleontol.ogical resources. 
Although you may want to conserve all biodiversity 
or other important features of a site, focusing 
e.-.:plicitly on protecting all high-valued assets of a site 
from invasive plants is usually infeasible because of 
constraints on time, funding, and staff. 

Your Plan should identify and describe the most 
valued or representative conservation assets because 

Example of a spatial scope map: Kenai 
National WiJcllife Refuge 
SOURCE; \JSFWS 

that effort informs (1} the species and locations on Channel Islands fox 
which invasive plant management should be focuaed, Urocyon littcm:tli8 
(2} the types of strategies to implement, and (3) the 
assessment -0f whether irivaeive plant management 
efforts are achieving the desired effect on assets over 
the long tem1. 

SOURCE: hnps1/www.nps.gnv/chisJleamJnature/is1and-fox.hlm 

lt is also useful to descri~ how invasive plants will harm conservation assets if they were to sp1-ead 
and how they may cause harm in the future if invasive plant management does not occur. Specific 
examples will help readers understand the consequences of not adequately addressing invasive plant 
threats and will reinforce the ueed for management. Examples include how an invasive plant may 
outcompete native plant eomrnunities, increase fire frequency, lead to vegetation type conversions, or 
alter wildlife diversity. 
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Conservation Goals 
It is impo1-tant to identify and review existing conseivation goals and objectives of the Plan scope (and 
consider including them in the Plan intt•oduction) because they provide context, rationale, and focus for 
invasive µ!ant management efforts and will help infotm what species are a priority for management, 
where management should be focused, and the types of strategies that may be itppropriatc. This 
infomi.ation is often found in conservation plans developed for the site and may be ve1-y broad 01· quite 
specific. 

Existing site-llpecific management or conservation plans ideally c@tain goals or objectives thitt 
describe the desired state of resources (such as species, natural resource communities, ecosystems, or 
cultural resources}. They may also contain specific objectives related to invasive plants, such HS 

prevention or eradication of a patticular species or a decrease in the overall extent or abundance of 
invasive plants. In many cases, invasive plant objectives may not yet exist or, Eeven if they do, they may 
need reflnement and should be t·e-examined as part. of the planning process. Sections 3.3 and 4.4 adclt'ess 
development and refinement of invasive plant management objectives. 

Below is an example of a conservation target and related conservation goal and invasive plant 
management objective. 

■ Conservation target: tidal marsh ecosystem 
■ Conservation goal: By FY 2025, extent of high quality tidal mush within Refuge X increases to 

14,500 acres. High quality - unimpaired hydrology, dominated by native tidal-mat·sh associated 
plant species. 

■ InvMive plant management objective: By 2022, eradicate Algerian sea lavender at Refuge X. 

4.1.4 Invasive Plant Management History 
In cases where invasive plant management has occun-ed or is ongoing within the Plan s<:ope, it is useful to 
describe management history, including focal species a1\d locations, strategies employed, and suceesses 
and failures. This overview helps 1·eaders understand what has come before and what can be and was 
leamed. This may include efforts to prevent, el'adicate, control, study, inventory, or monitor invasive 
plants. When possible, cite som-,,..,es of information, sueh as personal communication.,;, pesticide use 
reports, maps, or reports. 

4.1.5 Relevant Invasive Species Laws and Policies 
Most Plans include a desc1iption of the le1,ral (and sometimes political) context of invasive plant 
management at the sit.e, including laws and policies governing invasive plant management planning and 
implementation. The level of detail here depends on the organizatfon. Often times, relevant laws, policies, 
and regulations are summarized. 

4.2 Methods 
The methods chapter identities who was involved in developing the Plan; infm·mation resources and 
processes used to inform its design; the people (public, leadel'ship, others) or organizations who wel'e 
infonned of its development or engaged in the planning 1>rocess; and how decisions were ni.ade. Use of a 
Plan by its intended audience will depend in lai'ge part on the readers' confidence that (l} the right people 
were involved in designing the Plan and (2) that its contents wel'e developed using the best available 
information and proce$$eS. The methods chapter sh,:,uld describe any tools or prot-esses that wel'e used 01· 

developed to make decisions such a~ which species to focus on, which al'eas to focus on, and what 
strategics anrl activities to employ. This may be as simple aa citing erjsting tools or describing new 
pr~sses that were developed as part of the planning proces!I. Lastly, it's useful to desciibe how the 
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public, stakeholderi;, m· othe1-s were informed about or engaged in the planning process. Th:is helps 
readers understand how much others already know about what has been planned, whether or not they 
support those actions, and any considerations that neecl to he kept in mind as Plan implementation begins. 

4.3 Invasive Plant Priority Species and Areas 
A Plan should identify and describe the Sp(!Cies and areas that are the focus of invasive plant 
management effo11:s within the spatial scope. 

4.3.1 Species Descriptions 
Describe the species, or species groups, that. are the focui; of the Phm. Th.ese can include cul'l'ent invasive 
plant species or speeies that have the potential to 0<:cur in the future (early detection). A species 
description (also knowt\ as a speci,is accoiint) is oosically a written summary of a species, or gi-oup of 
similar species, and includes the following infomtatior.: 

■ Plant ecology 

□ Plant life cycle: annual, pet·ennial. biennial 
o Grov.>th form: hel'b, shrub, tree, vine, aqua.tic 
□ Reproduction 

o Seed longevity, dispe1-sal distlmce 
□ Phenology such as blooming time and best time for detection 

o Habitat 
o Dispersal mode(s) 
□ Spread rates 

• History of management 
■ Cun·ent status within the scope and/or the larger landscape, including data anrl map.,; if available 
■ Impacts on natural resources, ecological processes, or human infrastrncture: cun-ent oi· potent...ial 

future 

• Visuals such as ph1Jtoi.-

The1·e is a wealth of information available online to help describe invasive plant species ecology, known 
impacts on wildlands or agricultm·e, and management. A few freely available online t·esourres a1-e 
highlighted below and others can be found in appendix A: 

■ Global Invai:iive Species Database (lttfp:/hvurw.facngisd.org/gisdi) 

■ Invasive.erg (www.in·1;asive.m:9) 

■ National Association oflnvasive Plant Councils (www.na•ipt.OTg). This site provides links to 
invasive plant councils and weed management are.as throughout the United States, each of which 
can provide useful species-specific information. Example: Cal-JPC maintains a detailed data.bas.: of 
the state's top invasive plant species (http:llwww.cal -ipc.org/p!antslinve11tory/J 

■ USDA National Agricultural Library (https://unuu:.invasivespeciesinfo.govlplants!main.shtml) 

■ USDA PLANTS Database (https:llplants.11sda.gov!ja•1;a/). 

■ Invasive Plant Atlas of New England (htt1>s://www.eddnwps.org/ipanel) 

■ Weed Research and lnfom)ation Center (ltttp:1/wi-ic. ucdauis.edu) 

It. is always a good idea to consult with local weed expe1t.s, weed management areas, ot· invasive species 
councils to identify local or region-specific t·esoui-ces (sm:h as books and scientific papers). Appendix A 
points to scvcrnl othe1· resom-ces, and appendix B pl'ovides a List of Plans with examples. 
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4.3.2 Area Descriptions 
If distinct management areas have been defined for the Plan scope, provide a map showing these areas 
with a b1ief desc1iption. Types of information to com;ider include: 

■ Plant communities or ecosystems 
■ Sensitive l'esources 
■ Abiotic features such as hydrology, soils, or topography 
■ Size 
■ Invasive plant status: the degree to which the area is invaded by one 01· more invasive plant 

species 
■ Vectors or vector pathways, roadway locations and types 
■ Level of anthropogenic distw·bance 
■ Maps showing m·ea bounda1ies and other environmental features of importance 

4.4 Obiectives, Strategies, and Activities 
This section of a Plan is where (1) SMART invasive plant management objective!'=! ,)r overall vegetation 
management objectives are presented and (2) strategies and associated activities to help achieve them 
are desc1ibed in enough detail to be useful for the intended audience. A ppenflix B presents several Plans 
from a variety of agencies, providing ideas on how to c1·aft this element of your Plan that meetli your 
n~rls. Below is a list of the types of information to consider including. 

■ Strategy desciiption-each strategy should be described in enough detail so that people who. are 
expected to implement understand what needs to happen. This can include desc1iptions of the 
following: 
□ Objective(s) it supports 
□ The approach(cs) it involves: prevention, containment, control 

□ Techniques/tactics it involves such ai; ed\1cat.ion, resea1-eh, assessments, 
chernicaVphys.ical/biologic-aUcultur-al control 

a Where it will be implemented 
□ When (years, seasonality) or how frequently it will be implemented 
o Specific activities to be implemented 

□ Who will be involvc<l with implementation 
□ Training or certifications required 
□ Equipment and supplies needed 

a Expected costs 

Strategies can be presented in table fo1m by species and then areal\ 01· by distinct areas. 

4.5 Measures to Avoid Non-Target Effects 
Most invMive plant management progi·ams employ BMPs internally to minimize the non•l.al'get effects of 
their activities, but these may not be formally documented. This section p1-ovides a. place to immnuuize 
the potential non-target effects of your invasive p}a.nt. management activities and mea.<;ures or BMPs to 
avoid 01· mitigate them. BMPs may be presented as a checklist fo1• specific management strategies or 
activitie8 and included as an appendix to your Plan to be used in the field. This section may also cite laws 
01· policies applicable to your situation. 
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4.6 Work Planning and Reporting 
This section of yow· Plan should provide enough detail for the people or organizations who must <:any out 
the Plan. Information to include is listed below: 

■ A multi-year timeline for activities and sw·veys 

• Expected annual costs 
■ Timing of management activities (relative to phenology of target plants and other applicable 

fact01·s) 

■ Roles: generally who is involved in c.inying out activities and surveys 
■ How annual evaluation a11d work planning will happen 
■ Reporting (if needed): content, format, frequency, stot·age, and sha1ing 

Because annual work planning is dynamic, it can be helpful to use spreadsheets or some other data 
system to handle changes through time following development of the initial flan. 

4.7 Monitoring and Evaluation Methods 
The monitoring anti evaluation po1tion of your Plan should contain information about what types of 
surveys are needed to inform you work, links to Plan objectives or activities they support, expected 
frequency, and information on how they will be cartied out (protocols). If a protocol exists, they can be 
included m, an appcmlix or cited, If proto~ol development is needed, specify when and how a pl'otol.!01 will 
be developed. 

'l'hii, :;ection C!lll t1li;o include info1·mation about so1hvare or daw sy~tem(s) that will be used to 
manage invasive plant data (spatial and non-spatial} as well as how iltfo11nation (files) will be organized 
and stored, 
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Chapter 5 

Adapting Your Plan 

It is important to remembe1· that a Plan is not static-it should 
set the stage for a dynamic and flexible process of doing, 
evaluating, lea111ing, and adapting. To be i;ucCl:!ssful, any 
conservation program 01· pt'Oject must evaluate prog:ress and 
adjust to improve oukomes. This adaptive management pt'Ocess 
should ideally be built into your Plan. For instance, yow· Plan 
may specify that every 6 yeal's your Ol'ganization will revisit 
objcetives, strategies, and othet· key provisions of the Plan. 
Additional revisions may be dictated liy extemal forces. And 
the development of annual workplans w:ill necessai.ily 
incorpo1·ate lelisons learned from the previous yca1's 
experiences. The key is to p1•ovide a mechanism to periodically 
1·e-e.1U1mine assumptions as well as implementation 
effectiveness. 

A successful plan must be based on both sound 1n·oje<:t 
assumptions and good implementation. An adaptive 
management approach helps teams plan theil' p1·ojects such that 
they will b€ able to trace their faih.u·es back to poor 
assumptions, poor implementation, or a combination of the t.wo 
(Salafaky et al. 2001). Otherwise, when projects do not. produce 
desired results, the conclusion is often that strategies were not 
implemented as planned or the project team did not. do a good 
job with implementation. In Mme cases, the same stl'ategy may 
be implemented year after year without anyone really 
questioning whether it is achieving the il1tende<I. result. 

The intention of this Guide ii; to promote a mm·e adaptive 
ap1»-oach to invasive plant management, regardless of the 
organization or agency involved, scale, environment, or socio
political environment. We expect that nfm' information on how 
to improve the p1-actice of invasive plant management will 
continue to g;t'O\V. We encourage you to continue to explore new 
and improved invasive plant management techniques and 
pr;wtices and to share what you leam with the lal'ge1· 
conservation cornmunit.y. 
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Adaptive management is a 
structured process that promotes 
flexible, informed decisions that 
allow us to make adjustments as 
we better understand outcomes 
from managementactions and 
other events. Careful monitoring 
of these outcomes both advances 
scientific understanding and 
helps adjust policies or 
operations as part of an iterative 
learning process (USFWS 2013). 
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Glossary 

action: an lf.Ctivity designed to apply a paiticula1· strategy to a specific situation in order to help achieve 
an objective. Also called a tactic. 
adaptive management: a structured p1'0cess tliat p1·ornotes flexible, informed <lecisfons that allow us to 
make adjustments as we better understand outcomei; from management actions and other events. 
Careful monitoring of these outcomes both advances scientific understanding and helps adjust policies or 
operations as part of an iterative learning process (USFWS 201a). 

allen: with respect to a pw:ticulai-ecosystem, an organ.ism, including its lreeds, eggs, spores, or other biological 
mateafal capable of prop;ig-ating that !Species, that O<:Clll'S outside of its natw-al range {Executive Ordet· 13751 
[2016]). Considered synonymous with e:.-otic and non-mitive, the latter of which is used in this Guide. 

aquatic noieance species: a nonindigenous specie,; that threatens the diversity 01· abund.1Mc of nativ() 
specie/I Ot' the ecological stability of infested wate1·s, or commercial, agricultural, aquacultural, or 
recreational activities dependent on such waters (Nonindigenous Aquatic Nuisance Prevention and 
Control Act (1900)). 

asset.based protection: a strategy in whlch control activities for a widespread invasive species is focused 
on th.oi,e areas whe1-e the control protects high-priority conset·vation assets. 
best management practices (BllPs): methods or teehni11ues found to be the most effective and practical 
in achieving an objective, such as preventing 01· reducing inv11sive plant spread, while making optimal use 
oiresources (Cal-I PC 2012). 
conservation target: the focus of conservation within a specified area. Conservation targets may be biological 
in m1ture (species, communities, or ecnsystem.c;) or reflect human well-being (such as culture, recreation, 
infi'astl'Ucture, or safety). Often, a limited number of eonscrvation tat·gets are identified to oollectively 
represent the full suite of biodiversity or values within a specified area (Foundations of Success 2009). 

containment: actions taken to prevent establishment and repl'Oduction of an invasive plant species 
beyond a predefined area or the containment miit. The containment unit comp,ises the area whe1·e the 
speci~ currently exists (occupied zone) plus a suJTounding buffer zone that is free from plants but can 
1-eceive propagules (such as seeds) (Panetta and Cacho 2014). 

control: the act of reducing the occunence or abundance of invai;ive plants using one or more integrated 
pest management techniques (such as l!hemical, biolugical, meehanical removal techniques). 
drone: An a.e1ial machine that can be used fot· remote mapping. Also known a." unmanned aerial vehicle 
( U AV) 01· unmanned aerial system ( U AS). 

early detection: a type of survey focui;ed on detecting the location and abundance of highly invasive 
species that are not yet established within a defined area (but the potential for establishment exists) 01· 

occur in small faolated populations within a defined spatial scope (Olsen et al. 2015). A process of 
sm·veying for, reporting, and veiifying the presence of a non-native species before the founding 
population becomes established or spreads so widely that eradication is no longe1· feasible (U.S. 
Department of the lntel'ior 2016). 
eradication: the complete removal of an invasive plant species (including rep1·oductive propagules) from a 
defined area. 
Integrated peat management (IPM): a science-based d~ ision-rnaking process that incorpoi·ates 
management goals, consensus building, pest biology, monito1ing, environmental factors, and selection of 
the best available technology to achieve desired outcomes while minimizing effects on non-target species 
and the environment and pt·eventing unacceptable levels ofpeiit damage (USlt'WS 2010). 
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indigenous: i;ee iiaUve specie:,. 

introduced: see alien. 

invasive species: a non-native organism whose introduction causes or is likely to cause economic m· 
environmental harm, or harm to human, animal, or plant health {Executive Order 13751 (2016)). 

inventory: a type of survey that is used to determine the location or condition of a resource (e.g., 
pl'e!lence, abundance, distribution, status} at a specific time. Inventories may also e3t,ablish a beginning 
time-step {b.1seline) or referen<.!e information for subsequent monitoring (USFWS 2013). In this Guide, an 
invontory refers to a catalogue of invasive species that can include infonnation on their location, 
abundanli:, and distribution in a defined region. 

monitoring: consists of repeated survey efforts and is more complex than inventories because it is 
conducted to understand how resources vary over time {e.g., months to yeal's) and space. BW3eline 
monit01·ing can be mied to produce a time selies of indicators such as water salinity or fish survival. 
Results from this type of monitol'ing can be used to assess changes in a system or to develop models of 
system function. ivlonitt:ning tv inform management is the other type of monitoring foi- which a survey 
protocol is developed and has the additional pm-pose of dit·ectly influencing a management decision. This 
fo1m of monitol'ing may be used to evaluate model values and performance in adaptive management 
pl'Ojects or used to identify effects on trends in attributes produced by quasi-expe11ments (USli'WS 2()18). 

native nuisance speciee: a native species that causes hann to the envil-onment or human health. 

native species: with res11ect to a pa1'ticular ecosystem, a species that, other than as a result of an 
introduction, histo1·ically occuri-ed or cur1-ently oe<:urs in that ecosystem (Executive Order 13112 [1999]). 

non-native species: see atimi. 

noxious weed: any plant or plant product that can rlirectly or indirectly injure or cause damage to c1·ops 
(including nurse1·y stock or plant products), livestock, poultry, or other interests of agriculture, irrigation, 
navigation, the natural resources of the United States, the public health, or the environment (Public Law 
106 - 224 [2000]). 

objective: a concise statement of desired out.comes that specifies what we want to achieve, how much we want 
to achieve, when and where we want to achieve it, and who is responsible fur achieving it. A meaningful 
objective will be SMART--Bpecific, me.a.<iurable, achievable, results-01iented, and time-bound (USFWS 2013). 

prevention: the act of pl'eventing the introduction and spread (transmission) of invasive !!pecies. Also 
referi•ed to as biosecm·ity. 

pest: organisms that damage or interfe1·e with desirable plants in our fields and orchai·ds, landscapes, or 
wildlands, or damage homes or other structures. Pests also include m·ganisms that impact human or 
animal health (UC-IPM 2018). 

protocol: detailed insti-uction~ for conducting a survey. This includes information on sampling 
procedm·es, data collection, management and analysis, and reporting of results (USFWS 2013). 

strategy: a gl'OU!) of actions \\ith a common focus that work together to reduce threats, capitalize on 
opportunities, or t·eslore eonservation targets. Strategies include one 01· more activities and al'e designed 
to achieve specific objectives and goals (Foundations of Success 2-009). 

eurvey: a specific data-collection effort to complete an inventory or conduct monitoring of biotic or abiotic 
resources (USFWS 2013). 

vector (or transport vector): the conveyance (e.g., wind, water, animal, human, mechanical, etc.) that 
moves a non-native propagule to its novel location (Lockwood et al. 2013). 

vector pathway (or tr8118port pathway): the route between the non native 1m1pagu1e source and release 
location (Lockwood et al. 2013). 

weed: a plant that causes economic losses 01· ecological damage, creates health pl'oblems for humans 01· 

animals, or is undesirable whf:re it is growing (Weed Society Science of Amet"ica 2016). 
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Appendix A 
Jn,vasive Plant Information: 

Online Resources 

Below is an alphabetized list of online invasjve species in.formation l'eso\u-ces. There ai·e many more 
resources than we could ever list here. We chose to highlight a few of the most 1-esources-many of them 
point to species or location-specific 1·esow·ces. The U.S. Department of Agticulture (USDA) National 
Invasive Species Information Center maintains a list of inva.'live species 1•ei!om·ces by state 
(https:1/ivu,,zu.invasivespeciesinfo.gavh•esources!atgstate.shtml) as well as 1·esources by species 
(hltps:llwww.invasive~-peciesin/o.gov/plants!m.ain.shtm1). We encoui-age usel's to seek out additional local 
or regional resources. 

Center for Invasive Plant Management (CIPM) (wun~.weedcenter.org). Though no longer funded, the 
Cl PM rcffil,lins a u~eful resouree for information about invasive plant biology, management, and education 
and outreach. The site provides nmne1·ous links to other web-based sources of invasive plant-related 
information across the United St.ates. 

Center fur Invasive Species and Ecosystem Health (CISEH) (https:/lw11rw.lmgw-0od.argl). The mission 
of the CISEH is to se1-ve a lead rol1:, in development, consolidation, and dissemination of information and 
prog1·ams focused on invasive species, forest health, natural resource, and agricultw-al management 
through technology development, pl'ogi-am implementation, training, applied research, and public 
awat·cncss at the state, regional, national and inLemational levels. TI1e site hosts a database of imagery, 
provides linJ,.s to publications on invasive species management, and lists websites related to invasive 
plant. management across the United States. 

Invasive.org {www.invusi've.org). Run by the Cent.er for Invasive Species and Ecosystem Health at the 
University of Georgia, this site pt'Ovides a wealth of information including an easily accessible archive uf 
high qualit,y images of invasive and exotic species of North America with identifications, taxonomy, and 
desc1iptions fo1• use in educational applications and species-specific control information. 

National Association of Invasive Plant Councils (NAIPC) (t1,•ww.na-ipc.org). NAIPC comprises state 
and multi-stale organizations that coordinate invasive plant managers and information. Eacll entity 
typically maintains an invasive plant list, and holds an annual conference. The site provides links to state 
invasive plant councik 

National Invasive Species Council (NISC) (www.invasfoespecies.gov). The NISC was established to 
ensure that federal programs and activities to prevent and conh"Jl invasive species al'e coordinated, 
effective, and efficient. The national invasive species management plan can be found on this site. 

New York Invasive Species Research Institute (http:lh1,"ww.ny·isri.oi-gl}. To imp1·ove the scientific basis 
of invasive species management, the New York Invasive Species Resea1•ch Institute serves the scientific 
t·esea:i·ch community, natural resource and land man1tgers, and state offices and sponsored organizations 
by pmmotit\g info1•mation-sharing and developing recommendations and implementation protocols for 
resea1·ch, funding, and management. 

North American Invasive Speci88 Management Al!l!oclation (NAISMA) (htt:ps:llwww.1uiisma.my/). 
N AISMA is a n1::twork of professionals- land managet'S, wate1· resource managers, state, regioni1l, and 
federal agency dil'ecwrs and staff, and nonprofit 01·ganizations-clmllenged by invasive species. This 
website lists standard!' (weed-free forage and gi-avel, mapping), invasive plant management online 
training, and a variety of other resources useful to managers. 
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USDA Forest Service Invasive Species Program (www.fscfed.us/invasivespecies). This site links to the 
agency's poliey framewot·k for invasive species as well as its management activities, with information on 
research, management planning, and pest-specific control techniques. 

USDA National ln,qasive Species Information Center 
(https:lhmuw.invasivespec-iesi11jo.gcrvlfodex.skwil). This is a gateway to invasive species information 
eo\'e1ing federal, state, local, and international sources. The resource library provides links to many of the 
sites li!.terl in this appendix plus many more resources for manage1·s. 

USDA PLANTS Database Uittps:llpfo..nts.tu,da.govljava/J. The PLANTS Database provides 
standa1-dized information about the vascula:r plants, mosses, liverwwtll, h1Jmworts, and lichens of the 
United States and its tenit01·ies. It includes names, plant symbols, checklists, distlibutional data, species 
abstracts, characte1istica, imHges, crop information, automated tools, onward web links, and references. 
It also includes links t.o federal and state noxious weed lists. 

U.S. Fish and WUdllfe Service: Invasive Species (W1Lw.fw.~.gm1fin·1m.~iver<). The website pt•ovides 
background on a range of invasive species topics and points to a vaiiety of resou1·ccs for hmd rrumagers. 

Weed Research and Information Center (h.ttp:llwri(1.UCdavis.edu). The Weed Reseai·ch and Information 
Center is an interdisciplinary collaboration that fosters research in weed management and fadlitates 
di.<1tribution of associated knowledge for the benefit of agiicultul'e and for the preservation of natural 
resources. This is an excellent resow-ce for control techniques by weed species. 

Weed Science Society of America (WSSA) (http://w:,sa:net). The WSSA i!. a non-profit p1·ofessional 
society that promotes 1-esearch, education, and extension out1·each acti\ities related to weedii; provides 
science-based information to the public and policy-makers; and fosters awareness of weeds and theit· 
impacts on managed and natural ecosystems. WSSA publishes three professifJnal journals: Weed 
Science, Weed Technology. and lnvas-ive Plant Science and Management. The website pt•ovides a v:uiety 
of i·eMurces-including invasive plant images, identification resources, and a list of r~l;om-ces for 
biological control-and cover!. the topk: of weed resi~tance. 
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Appendix B 
Exaniples: Plans, Reports, and Protocols 

The tables below list invasive plant management plans, inventory or monitoring pl'otocoh!, and other 
related guidance documents and the topical a!'eas they addl'ess (designated by an "X''). t'ull cit.ation:s imd 
web links al'e pl'ovided at the end of this appendix. 
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Example$ of invasive plant prioritization reports and survey protocol$. 

SpeC!i/8 A1·ea SMART 
AuU,o-r, elate, a11d 1.itle vrio-ritization prio-1·itization objectives 

Ball and Olthof (2017). Aerial Invasive Platit Survey: Guadalupe- X X 
Nipomo lJw1es National WildJifs Refuge. 

Holzman ct al. (2016). Farallo,i National Wildlife RP.fuge S(rutJ,east X X X 
and West End fs/.o,nds 2016 Invasive Plant Inventory. 

Keefer ct al. (2014}. Early Detection of Invasive Species- X X 
S1u-veillance, Monitol'ing, imd R11¢d Response: Vei·sion 2.0. 

Rew and Pokorny (2006}. lnvfmto,-y and Suruey Metlw~ for X X 
Nolli11dige110u$ Pumt Species. 

William:. et al. (2009}. Early Dcte<:tio11 of fovasi·ve Plant Species in X X X 
the San fi'ra1tci.~co Bay Anra Network: A Volunteer-B«sed 
Approach. 

Notes: spc::cic,s 01· area prioritization~ reference uses multiple criteria used to prioritize species or areas; SMART 
objectives - reference contains objectives that arc focu!',Cd on vegetation and arc specific, measurable, 
achievable, l'esults-ot-ient.P.d, and time-bound; pl'evention = reference identifies specific prevention pra~tices 
or activities. 
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Appendix C 
Pla,n Template 

This template provides an outline of the contents that should be con::;idered for inclusion in your Plan and 
hyperlinks t-0 :;ections of the Guide where information on that topic is located. 

Chapter 1: Introduction (Chapter 2 and Section 4.1 ) 
■ Plan Pur1Jose and Need 

Why is this Platt needed? 

Why are invasive 71lants a concern? 

Who is the intended <.mdience? 

■ Spatial Scope and Setting 
What is the geographic scope where management activities are pre.sciibed? 

■ Conservation Assets anrl Goals 
What al'e the ecologicalfenuironmentcrl cliarcu;teristics of the scope and a~soc-iatecl conr;er1,atinn 
goals? 

■ Histol'y of Invasive Plant Management 

What is tke history of invasive plant management witltin tlte scope? 

■ Regulatory Context 
What at·e the relevant 01·g1mil:ational 7)olicies and legislation that apply to invasive plant 
nw..nagement wit/tin the Plan scope? 

Chapter 2: Methods (Chapter 2 and Section 4.2) 
■ Project Team 

Who com·ditiated the planning eff 01-t and t~rote the Plan? 

Who else was involved i,t llie planning pl'ocess (internal a11d external) 

■ Intemal and External Communieation, Outreach, and Engagement 
What were the methods of comnmnication and engagement during the planning p't'ocess? 

■ Information Gathel'ing 
What informa.tion wm: gathered cmd ·used w ·inform tlte planning pr(>('.ess? 

■ Prio1itization of Species and Management Areas 
What metlwd.s wete wted t-0 identify :,niority species and areas? 

• Identifying Management Strategies 
What metlwds were used to identify and 1·ank alternatiue managem1mt .~trategies? 

Chapter 3: Species and Area Priorities (Sections 3.1. 3.2. and 4.3) 
■ Species Priorities 

What plant species ( one or mi,/tiple) are a priority to manage? Include ranked list of species if a 
prirwitizatwn process was conducted 
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Prim'ity 8pecies cliaracteristics? Such as ecology, statiis within the scope and ,mrrounding area.~ 
(a//undance/distribntion), history ofinvaswn, maps, imagery. Use existing species profiles for 
basic characteristics (if available) 

■ Al'ea Pli.orities 
What areas are a priority to maMge? /ncl·1,de ra.nked list uf areas if a prwritization ptocess wa8 

conducted 
P1·iority ai·ea cl1.a1·actei'istics? S1i,eh as ecological cliamcteristics, -invasiati status, hist&l'Y of 
invasfon, m<tps, im,agery. 

Chapter 4: Work Plan (Sections 3.3-3.6 and 4.6) 
■ SMART Invasive Plant Management Objectives 

What would. suwi.~.s look like as a remlt of ymw inva.sive plant. management program? 

■ Management Strategies and Activitie~ 
What ar,e; th~ invamve plant strategies and o-ssoci.a.ted activity ( or acti-1lities)? 

When slumld they be implemented? 
Th:r,ui/!()fd.i for implementation? 

Whel'e will they be ·implemented? 
Wlw is 1·esponsible fm· i1n-plemenl.atiun? 
B'udget and cperationcd i·equirements? 
Reqitfred trai·ning, ceitification, 01· pennits 

■ Best Management Practices for Avoiding Non-Target Effects 
Are there any potei-dw.l negative effect.$ on hmnan.s, natim1llcult1,ral re.sources, or infrastl'u.clurli? 
becam;e uf invasive plant ·ma.n..-,..gement Clctivities? 
What measures will be implemented to 1mwllnt, a·1mid, or mitigate pnt,mtirtl ·negati11e impactR? 

Chapter 5: Monitoring and Evaluation (Sections 3.7 and 4.7) 
■ Monitoring and Evaluation 

What metlwds will be ·u.sed to evatu.ate progress in implementing strntegies a:nd achieving 
SMART objectives? 

When and lww should prngrnss on implementing strategies and achieving objectives be evali,at.ed? 
■ Adaptation 

How will monitoring and evalimtion 11:ied to revise thewol'k plan? 
How ojtezi should the work pla1i be evaluated and by whom? 

■ Data Management 

What standards or systcm,S will be i,..sed to ?na1mge i?w1:tsive pla:nt program d«w? 
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INTRODUCTION 
Decisions in resource management are generally based on a combination of 

sociopolitical, economic, and environmental factors, and may be biased by personal 
values. These three components often contradict eal:h other resulting in controversy. 
Controversies can usually be reduced when solid scientific evidence is used to support or 
refute a decision. However, it is important to recognize that data often do little to alter 
antagonists' positions when differences in values are the basis of the dispute. But, 
supporting data can make the decision more defensible, both legally and ethically, 
especially if the data supporling all opposing viewpoints are included in the decision
making process. 

Resource management decisions must be made using the best scientific 
information currently available. However, scientific data vary in two important measures 
of quality: reliability and validity. The reliability of the data is a measure of the degree to 
which the observations or conclusions can be repeated. Validity of the data is a measure 
of the degree to which the observation or conclusion reflects what actually occurs in 
nature. How the data are collected strongly aflects the reliability and validity of 
ecological conclusions that can be made. Research data potentially relevant to 
management come from different sources, and the source often provides clues to the 
reliability and, to a certain extent, validity of data. Understanding the quality of data 
being used to make management decisions helps to separate the philosophical or value
hased aspects of arguments from the objective ones, thus. helping to clarify the decisions 
and judgements that need to be made. 

The West Mojave Plan is a multispecies, bioregional plan for the management of 
natural l'esources within a 9.4 million-acre area of the Mojave Desert in California. The 
plan addresses the legal requirements for the recovery of the dese11 tortoise (Gopherus 
agassiz;i), a threatened species, but also covers an additional approximately 80 species of 
plants and animals assigned special status by the Bureau of Land Management, U. S. Fish 
and Wildlife Service, and California Department of Fish and Game. Within the planning 
area, 28 separate jurisdictions ( counties, cities, towns, military installations, etc.) seek 
programmatic prescriptions that will facilitate stream-lined environmental review, result 
in expedited authorization for development projects, and protect listed and unlisted 
species into the foreseeable future to avoid or minimize conflicts between proposed 
development and species' conservation and recovery. All of the scientific data available 
concerning the biology and management of these approximately 80 species and their 
habitat,; must be evaluated to develop a scientifically credible plan. 

This document provides an overview and evaluation of the knowledge of the 
major threats to the persistence and recovery of desert tortoise populations. I was 
specifically asked to evaluate the scientific veracity of the data and reports available. I 
summarize the data presently available with particular focus on the West Mojave Desert, 
evaluate the scientific integrity of those data, and identify major gaps in the available 
knowledge. I do not attempt to provide in-depth details on each study or threat; for more 
details I encourage the reader tu consult the individual papers or reports cited throughout 
this repott (many of which are available at most university libraries and at the West 
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Mojave Plan office in Riverside, California). I also do not attempt to characterize or 
evaluate the past or present management actions, except where they have direct bearing 
on evaluation of threats, nor do I atLempt, for the most part, 10 acquire, generate, or 
evaluate new or ex.isting, but uninterpreted data. 

Two Important Caveats 

Lack of scientific evidence supporting a purported impact should not be confused 
with automatically supporting the alternative, that there is no impact, and vice versa. Or 
as il is sometimes said: "absence of evidence is not evidence of absence." It may just 
mean that credible or definitive studies testing the hypothesized effects have either no1 
been conducted or not been reported adequately. 

Additionally, when I critique a pankular study I am neither criticizing the 
scientist's ability or intent. Often, studies have inherent weaknesses that are completely 
or largely out of the control of the researcher. For example, as discussed below, it is 
often very difficult to have a pmper control for a study in nature and it is often too 
expensive or impossible to adequately replicate a natural study. Rather than abandoning 
the questions altogether, scientists forge ahead with the study in spite of its limitations 
and collect data that hopefully are useful for managers. I point out the weaknesses here 
so managers will understand the limitations of such data, not to criticize the researchers 
not to render the studies useless. Virtually all studies have some inherent value, but their 
utility falls at different point5 on the continuum of risk to managers depending in part on 
how they were tonducted and reported. 

USE OF DATA TO MAKE MANAGEMENT 
DECISIONS 

Scientific investigations follow an orderly, repeatable process. Many such 
investigations begin with anecdotes from ranchers, recreationists, or casual observers of 
nature. These might include issues of concern to managers, such as "I'm seeing fewer 
tortoises these days'' or "tortoises and cattle can coexist." Anecdotes are useful for 
pointing out to researchers what critical problems may need to be solved through 
scientific investigation. Most scientific research follows up anecdotes that seem plausible 
with more craftily constructed hypotheses and direct observation by experienced 
observers. If such observations warrant further investigation, scientifically based 
observational studies are initiated. Most studies pertaining to desert tortoises fall into this 
category. However, observational studies may have problems, such as lack of adequate 
controls, insufficient sample sizes, or researcher bias in study design or interpretation. In 
a few cases, experiments are used to objectively test hypotheses that were developed 
from anecdotal or observational data. Experiments or carefully designed observational 
studies may lead to development of conceptual or mathematical theories that can then be 
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used to predict responses of valued resources to management actions. Theory can then be 
tested with further experimentation or well-designed observations. Very little theory has 
been applied to problems related to land-management practices in the Mojave Desert. 

Types of Data 

The quality of data depends on how the questions were formulated and how the 
data were collected. Research questions in tortoise biology and management rarely 
employ a standard scientific method called "strong inference" (Platt 1964). For strong 
inference, progress is generally made by devising clear, falsifiable alternative hypotheses 
and conducting expel'imcnts designed to test competing predictions of these hypotheses. 
The strongest suppon for one alternative comes from experimental results that exclude 
other alternatives. Studies that test only one hypothesis are weak because they fail to 
show that the same results cannot be explained by other hypotheses. In tortoise research 
we generally see studies that are designed to support a pre-determined "ruling theory" or 
"working hypothesis" (Chamberlin 1965) or to simply describe nature. Such studies do 
little to explicate the phenomenon and to truly advance the management objectives 
supported by the research. 

There are several types of studies that vary by how the data were collected. These 
categol'ics are listed below in descending order from those generally providing the 
strongest, most valid conclusions to those providing !he weakest, least l'cliablc 
infonnation. Value specifically refers to the level of risk a manager is taking when 
making a decision based on the data. The lower the value, the higher the risk. The actual 
conclusion may be right on target, but if it is from a risky type of data collection, the 
manager runs a higher risk of making an unsound decision. 

Experiment 
The strongest scientific data, those demonstrating cause and effect relationships, 

are generated via well-controlled and replicated experiments (Hairston 1989, Lubchenco 
and Real 1991 ). Such experiments involve manipulating one variable (treatment, such as 
presence of cattle) while holding all other variables constant (such as tortoise density or 
soil type). Such a design must have a control (or reference site) wherein ideally the only 
difference is the lack of the lreatment. Any resultant change in the treatment area is 
likely to be caused by the particular treatment. However, one of many uncontrollable 
factors may occur that could result in a change independent of the treatment. These 
uncontrollable features, called random error, can fatally compromise the results. To 
reduce the effects of random errors (or chance), a properly designed study must have 
replicates - two or more sites that serve as control and two or more sites that serve as the 
treatment sites (Hurlbe11 1984 ). The more replicates there arc, the lower the chance that 
differences observed between treatment or control sites can be caused by random error. 
Another source of error that is mitigated by replication is uncontrollable (or 
unrecognized) differences among study sites (e.g., soil type, grazing history, and slope). 
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Any experiment that fails to have an adequate number of replicate treatment and control 
sites fails to satisfy an essential requisite for strong inference. Admittedly, it is often 
difficult or even impossible in natural settings to establish true control sites where the 
only difference is the lack of a treatment, not to mention have multiple replicates of the 
treatment and control. But having a proper control is an important feature and 
conclusions drawn from studies that lack a control suffer as a result. 

Furthermore, 1he strength of any experiment, its ability to be broadly applicabl~. 
is bolstered by sample size. However, when comparing a given treatment with a given 
control. the sample size is the number of replicate study sites, not the number of 
meamrements taken within each site. h is all too common for studies, particularly non
peer reviewed ones, to artificially inflate their sample sizes thus often reporting a 
significant effect (i.e., difterence between treatment and control caused by the treatment 
factor) when in fact one did not occur or when the study was inadequately designed or 
carried out to discern a difference if one indeed existed. For example, when studying the 
effect of a factor like off-road vehicle (ORV) activity on desert habitat, it is common to 
measure number of plants and plant species within an ORV area versus outside of the 
area. If the researchel' measured number of plants and plant species along ten transects 
within a single plot inside and ten transects within a single plot outside, the sample size is 
not l O (nor 20) rather it is I, because there is only one pair of plots being compared. Any 
differences observed may actually be caused by other factors such as different elevation 
or vegetation type. To avoid the random error of non-replication, multiple plots should 
be studied and these should be inside and outside of several ORV areas. 

Qlrrelation 

Many studies in natural environments measure how a given factor {e.g., animal density) 
varies at different levels of some treatment (e.g., intensity of cattle grazing). This type of 
experiment can only show a correlation between the two factors. It provides no evidence 
that one factor causes a change in the other. Any correlation may just as well be from 
some unmeasured feature of the environment that affects both factors measured or it may 
be caused by chance. A cause and effect relationship can only be demonstrated if it can 
be shown that varying one factor (the independent variable) causes a predictable and 
consistent change in the other factor (dependent variable). Unfortunately, this is often 1he 
only means we have to study phenomena in the natural environment. 

DescrjptionlOJlserration 

Many studies simply describe a panicular physical state or phenomenon (e.g. 
amount of trash or number of tortoises in a study area}. The description can be simply 
qualitative (e.g., "a lot" or "many") or may be quantitative involving complex statistics 
(e.g., means, standard deviations, confidence intervals}. Such studies may provide 
excellent desc.-iptions, but cannot test for cause and effect relationships. 
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Anecdote 

Generally, a non-quantitative description limited in scope (usually a single 
observation of the given phenomenon) and depth of detail is considered an anecdote. An 
example of an anecdote is: "in 1978 I saw a tortoise eat a balloon." Anecdotes usually 
lack any formal documentation and are most often made by untrained, casual observers, 
but professionals often report anecdotal observations. Sample sizes arc extremely 
limited. Anecdotes are highly risky for basing management decisions because of 1heir 
lack of rigor, repeatability, and objectivity. 

Anecdotes need to be properly evaluated using sound scientific methodology. 
They can often form the basis for more fom1al observations, hypothesis development, or 
experimentation. Occasionally, there are attempts to legitimize anecdotes by compiling 
many into a single report and atlempting a quantified or statistical treatment. These are 
misguided attempts because the extreme weakness and subjectivity of the basic data limit 
entire analyses: the anecdote. An appropriate expression is "the plural of anecdote is not 
data" (Green 1995). 

Speculatjon 

People will oflen make guesses about possibilities for which there are no hard 
data. When those guesses are based on clearly stated and well-founded assumptions, the 
guesses arc called hypotheses and can help to direct future conceptual and experimental 
pursuits (Resnik 1991 }. When assumptions are weak 01· unstated the guesses are 
speculations. An example of a speculation is that fallout from nuclear tests in Nevada in 
the 1950s is responsible for the prevalence of disease in tortoises today. There is no 
evidence that fallout from nuclear testing can cause the diseases hanning tortoises and no 
reports detailing the amount of fallout that occurred in tortoise habitat. There are no 
attempts to correlate probable fallout amounts with incidence of disease. The assertion is 
strictly a speculation be<:ause, on the face of it, it makes some sense. 

Speculations may be seductive; often they present a series of progressively 
dependent statements that have an internal logic of their own. The logic may appear 
compelling and is often bolstered by attempts to provide ftproot" through analogies. Such 
argumentation often collapses when primary assumptions are nullified or when they are 
tested against real data, but too often the test is never made. Although they may 
sometimes form the basis for hypotheses and experiments, speculations are risky to base 
management decisions on because there is essentially no way to evaluate them and their 
predictive value is low. 

Source of Data 

Data sources fall into several categories with varying probabilities of adequate 
reliability and validity. The source of data provides some indication of its quality. 
However, it is possible that a particular conclusion based on data from a less reliable 
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source is more true or accurate than one from a more reliable source, but the likelihood of 
this being the case is low. Thus it is less risky to base judgements on data obtained from 
more reliable sources. The basic sources of data follow, in order of increasing risk to 
management (i.e., decreasing reliability): 

Peer Reviewed Open Literature 
Open literature refers to articles readily available in university and public. libraries 

and published in professional, publicly available outlets. Easy availability allows anyone 
to obtain and evaluate the data on which decisions are made. 

Peer review is a cornerstone of the scientific process. Rigorous peer review has 
two essential components: l) thorough review by two or more scientists (generally 
anonymous) knowledgeable on the topic and 2) the possibility of rejection if the report 
does not meet generally accepted scientific standards. The latter component is an 
important feature that is lacking in less reliable dala sources. The review process helps to 
ensure (but does not guarantee) that: I) only reliable data with valid conclusions are 
published because the reviewers make certain that data are presented in sufficient detail 
to allow adequate evaluation of the conclusions; 2) the collection and analysis methods 
followed modern scientific standards and were appropriate for making the tests reported. 
3) were reported in sufficient detail to allow someone to adequately evaluate and repeat 
the study; 4) the conclusions follow logically from the data; and 5) relevant related data 
(e.g., peer-reviewed publications), whether supporting or contradicting the study's 
conclusions, are cited. Most professional scientific journals (e.g., Ecology, Range 
Management, Journal of Wildlife Management, Herpetologica, Bulletin of the Wildlife 
Society) are peer reviewed. The Desert Tortoise Council is now implementing an 
external review process for its annual symposium proceedings. 

Technical Books, Ibeses, and Dissertations 

Most technical books are peer reviewed, but often without the trne possibility of 
rejection. They are often reviewed by an in house editor or panel of editors who may or 
may not be experts in the particular field. Opinions differ on whether master's theses and 
doctoral dissertations should be considered peer reviewed. They do not undergo the same 
blind review that papers in scientific journals do, but they probably receive a much higher 
level of scrutiny than most papers. furthermore, there is much more at risk if the thesis 
or dissertation fails review: the student is not awarded the Masters or Ph.D. In this 
1·epo1t, they arc treated as technical books being reviewed by a panel (i.e., the student's 
graduate committee). 

Non-peer Reviewed Open Literature 
Article~ from this source are often used to support decisions or recommendations 
probably because there are many of them available, the sources are widely available, and 
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the fact that they have been published adds a perception of respectability. However, there 
are often risks of using this type of data source. The authors and editors may not be 
specialists in !he field they a.re writing about or are not scientists. Additionally, there is 
often no attempt at a logical, unbiased, rationally supported presentation. Occasionally, 
special interest groups that are pushing a specific interest and land ethic (e.g., Audubon 
Society, Rangelands, Desert Tortoise Council) publish outlets cited. 

By definition, non-peer reviewed sources do not follow the established methods 
of pe¢r review: there is usually no independent, objective evaluation of the data 
presentation and no guarantee that articles will be rejected if they fail to meet accepted 
scientific standards. Often missing is information necessary to allow the reader to 
evaluate the reliability of data collection and analysis. Statements such as "many 
tortoises were killed by vehicles'' or "tortoises depend on cow dung for nutritional needs" 
are made without details about how the author determined if a vehicle killed a tortoise, 
how often tortoises actually eat cow pies, or what are the nutritional needs of tortoises. 

Most proceedings of meetings ( e.g., past issues of the Proceedings of the Desert 
Tortoise Council Symposium •) as well as abstracts from meetings are incompletely or 
not peer reviewed, and contents are usually printed verbatim with little or no editing and 
no possibility of rejection. Proceedings papers and abstracts often contain preliminary 
analyses of data and conclusions may change following the final complete analysis and 
rigorous peer review. The same criticisms holds for many official bulletins and 
newsletters of professional societies (e.g., Bulletin of the Ecological Society of America, 
Rangelands). 

Technical &ports 

Technical repo11S are generally written by agency and contract scientists and 
biologists and sometimes individuals untrained in the practices of science and biology. 
Technical reports are probably the most commonly used source of data for basing 
management decisions. Many agency biologists do not have the time, opportunity, 
encouragement, need, or training to publish their data. Sometimes reports are generated 
for the purpose of providing a quick analysis for management decisions that cannot wait 
for the one to two years often necessary to become published in a peer reviewed outlet. 
Such reports may not be subjected to review by competent scientists and are rarely 
rejected. "Draft" reports may never be finalized and become widely used even though 
they may be incomplete or fatally flawed. Because they do not appear in the open 
literature, refutations or critiques of the reports are rarely available. Finally, they may be 
difficult to locate, which prevents independent evaluation of their findings. 

Reports by government biologists and biological consultants are variable in 
quality. Many are well designed, researched, and written and draw adequately on the 
existing body of scientific knowledge. Others demonstrate a lack of knowledge of 
tortoise biology and common management practices; fail to properly cite previous 
studies, particularly when contrary to the conclusions or recommendations being made in 
the report; make recommendations that are untested or unwarranted; and have not been 
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peer reviewed. Such reports form the basis of many management decisions that have or 
are being made and may result in implementation of non-standard mitigation measures 
and speculative conclusions that were not tested for their efficacy. 

Unpuhlished Data 

There are many data sets (e.g., raw data, tables of compiled data, GI S maps, etc.) 
that are cited and used even though they may not have been checked for errors, analyzed, 
or adequately documented (e.g., data collection methods may be unknown). Reliance on 
such data for making decisions is risky particularly when there is no documentation (e.g., 
metadata) of how the data were collected and limitations of the data are not discussed. 

Pr"{essional Judiems:nt 
When the proper research has not been conducted or completed, or time or 

expertise is not readily available, managers often rely on the profession11l judgement of 
staff oiologists or other scientists. Reliance on professional judgement l'equires managers 
to use data that are unreliable if only because they cannot necessarily be independently 
evaluated or examined. The judgement may involve unsupported speculation, data that 
have been improperly or incompletely analyzed, or may involve faulty recall of the facts. 
On the other hand, professional judgements may be very sound, reliable, and based on an 
objective evaluation of the information available. The manager may not be able to 
separate good from poor judgements because there is generally too little information to 
evaluate. Judgements solicited from several competent professionals is advisable when 
possible. Also, the professionals chosen lo provide input should provide citations and 
critical analyses of Che data they are using to make the judgement. They should clearly 
state where the strengths and weaknesses in their judgements lie. Following steps like 
these can help to ensure the value of professional judgement. 

Science Lore 
Science lore, best defined as being the colleclive knowledge of the scientific, 

resource professional, or layperson community, is often based more on observation, 
assumption, and speculation than on scientifically-collected and analyzed data. Facts 
entrenched in science lore are not necessarily incorrect. They are unreliable because the 
connection between the hard data and the interpretation may be unknown. Common 
sources of Science Lore include Television programs, hobbyist journals, newsgroups, and 
casual conversations with professionals and laypersons. 

A common example of Science Lore is the statement that "tortoises live to be 100 
years old or more." This may be true, but in fact the oldest torloises for which any 
documentation exists were two captive animals; one was at least 67 years old and maybe 
in its mid seventies and the other was probably at lea5t 74 and maybe older (the former 
was adult-sized when first captured 52 years earlier, Jennings 1981; and the later was 



adult-sized when captured and grew little in the 59 years before it died, Glenn 1986). No 
one has followed marked animals in the field long enough to know the average or 
maximum longevity. In the pair of studies usually cited as evidence for long life, six. 
marked tortoises, recorded as adults by Woodbury and Hardy {1948) in the early 1940's, 
were refound still living in the 1960's (Hardy 1976). They may have been over 100 or 
perhaps as young as 30 - 50 years when refound. Since they were of unknown ( or 
unreported) age at the time of capture, we do not know their true age. Using scute annuli 
(age rings), Get'mano (1992) estimated that most desert tortoises live 25-35 years, but 
some live more than 40 years. The cohort of tortoises reported on in Turner et al. (1987a) 
is still being followed; these known-aged animals are now 40-41 years old {Medica pcrs. 
comm.}. 

The onus is on the scientific community to identify statements that foll into this 
category. Researches should then investigate the underlying assumptions, find or collect 
supporting or refuting data and publish the results. Then, fact-based science lore can be 
elevated to known facts, and unsound lore can be modified or dropped from our lexicon 
of apparent facts. 

This report identifies the quality of the data available on the major threats 
confronting desert tortoise populations in the hope that the scientific-based components 
of the final decisions can be clearly separated from the value-based components. 

Two Final Caveats 

The citation of draft reports or compleled but unpublished ones is not normal 
scientific practice. Because this is a critique of all data that may be relevant to decision 
making for the West Mojave Plan, draft and incomplete reports are cited. This was done 
because such documents are often relied upon heavily for making management decisions. 

Second, this report includes some papers and observation5 that are highly 
speeulative or made by laymen, sometimes only in casual conversation. These were 
included here because they are often pervasive parts of the lore of the tortoise or dcsc1t 
communities and deserve some evaluation even if they were not made in scientific 
literature. 

DESERT TORTOISE BIOLOGY 
Knowledge of many characteristics of the basic biology of an organism is 

essential for making informed decisions concerning the management of chat organism. 
Many aspects of tortoise biology are well known. The reader is referred lo the following 
papers for general summaries of what is known: Berry ( 1978), Hohman and Ohmart 
(1980), Bury (1982), Bury and Germano (1994), USFWS (1994), Ernst et al. (1994), 
Grover and DeFalco (1995}, and Boarman (2002). No comprehensive critical summary 



of tortoise biology exists and is sorely needed. A recent summary of anthropogenic 
impacts to desert habitat is Lovich and Bainbridge ( I 999). 

SPECIFIC THREATS TO TORTOISE 
POPULATIONS 

Threats occur under two major categories, direct and indirect, although they are 
not necessarily mutually exclusive. Direct threats are those that affect the survival or 
reproduction of tortoises (e.g., road mo1tality, illegal collecting, disease, predation). 
Indirect threats affect tortoise populations through their effect on other factors, primarily 
habitat (e.g., drought, habitat alterations from livestock grazing, recreational activities, 
global wanning, etc.). Direct threats arc usually more easily measured and therefore 
more easily evaluated than indirect effects. 

To detcm1ine the impact of a specific threat on tortoise populations, it is 
insufficient to measure the 1hreat solely (e.g., number of cars or density of mines in an 
area.) One must determine the effect the threat ha!: on some aspect of tortoise 
reproduction or survival. Many parameters of tortoise biology can be measured when 
attempting to determine impacts of threats. Sometimes, the easiest and most intuitive 
response is mortality. It is difficult to deny that a motorized vehicle ki lied a fresh, 
smashed tortoise found on a paved highway. When to11oises die they leave behind a shell 
that can last for four years or more (Woodman and Berry 19&4 ). Otl.cn that shell bears 
evidence of the cause of death {e.g., tooth marks, conchoidal fractures, fracture from 
blunt trauma, etc.). However, interpreting these signs is suhjective and little scientific 
work that can aid interpretation has been conducted (but see, Berry 1985, 1986a) and 
most assumptions made in interpreting the evidence are not reported. Reproduction is 
more problematical, but at least clutch size and frequency can be measured with x-rays or 
sonograms or by locating nests and monitoring hatching success (Gibbons and Greene 
1979; Turner el al. 1986, I 987b; Rostal et al. 1994}. Survival of the young is an essential 
component to understanding the effect of threats on tortoise populations, but is very 
difficult to measure (e.g., Turner et al 1987b, Morafka 1994). Growth (Medica et al. 
1975, Germano 1988, Turner et al. 1981, Patterson and Branstrom 1972), behavior (Ruby 
and Niblick 1994, Ruby et al. 1994 }, and physiology (Nagy and Medi ca I 986, O'Connor 
ct al. 1994a, Christopher el al. 1994) vary with environmental conditions and may be 
useful parameters for measuring the effect of impacts, but their efficacy at doing so has 
yet to be demonstrated. Modeling population demography (i.e., age-specific survival and 
reproduction), when using accurate measures from the population, can be an excellent 
way of evaluating the effects of threats and management actions on population growth 
(Congdon et al. 1993, Heppell 1998). 
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Relative Importance of Threats 

The rating of relative importance of different threat factors is a challenging 
undertaking for several reasons. First, it is very hard to detei-minc the cause of death of 
animals and it is even harder to determine how much decline is really attributable to the 
various indirect causes of mortality (e.g., habitat alteration). Educated guesses can be 
made about causes of death (Berry 1984, I 985, 1986a, 1990 as amended), but most of the 
methods used have not been described or subjected to experimentation, independent 
evaluation, or peer review. Second, not enough is known about several potential threats 
to evaluate their absolute or relative impact. For example, it has been suggested that 
toxk chemicals may be responsible for a disease of the shell afTecting some populations. 
However, it is not known if chemicals arc the causative agent, which chemicals are the 
problem, or the source of chemicals. Also, little is known about neither the epidemiology 
of the disease nor how much mortality is actually caused by it. Third, which mortality 
factors are functioning is very site specific. Highway mol'tality is an important factor for 
populations along highways; it may drain populations two miles or more away (von 
Seckendorff Hoff and Marlow 1997). On the other hand, for populations away from 
highways, this may be a very low or non-existent threat. Regional differences occur, also. 
Urbanization and development are major factors in portions of the west Mojave, but are 
probably relatively unimportant in much of the east Mojave (outside of the Las Vegas 
and St. George areas). Finally, as discussed above, factors that caused the declines (e.g., 
disease) may not be the same factors that are preventing recovery (e.g., genetic or 
demographic consequences of small populations, fragmentation, and raven predation). 
For all of these reasons the controversial and subjective task of ranking impacts was 
avoided here. 

Specific threats are easy to discuss and identify, but more perva~ive problems 
often exist when multiple threats interact to make for larger environmental problems. 
The three largest of these broader impacts affecting to1toise populations arc habitat loss, 
degradation, and fragmentation; urbani.:ation and development; and access by humans to 
tortoise habitat I will first focus on specific threats then discuss three broader, more 
cumulative types of threats. There are virtually no puhlished studies looking specifically 
at the effect of these general factors on tortoise populations. 

Agriculture 

Probably the greatest affect agriculture has on tort,">ise populations is through loss 
of habitat: when tortoise habitat is converted for agricultural use it becomes mostly 
unusable by tortoises for foraging or burrowing. Indirect impacts could include 
facilitation of increases in raven population, drawdown of water table, production of 
fugitive dust, possible introduction of toxic chemicals, and introduction of invasive plants 
along corridors and when the fields go fallow. 

J found no substantiated references in the literature indicating that dese11 tortoises 
use agricultural fields, although alfalfa, with its high nitrogen content, could be a healthy 
source of food for tortoises (Bailey, 1928, provides an anecdotal account from untrained 
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observers of "to11oises eagerly eating alfalfa."). Berry and Nicholson (1984a) cited one 
anecdotal repon from an individual with unreported credentials as evidence that 
"tortoises are known to enter ... alfalfa fields" (p. 3-21 ). Disking, plowing. mowing, and 
baling would destroy burrows and kill tortoises (as they do the marginatcd tortoise, 1: 
marginata, in the Mediterranean region; Stubbs 1989). There are no reports of desert 
tortoise burrows in agricultural fields. 

The Common Raven, a predator on juvenile desert tortoises, makes considerable 
use of agricultural fields in the west Mojave Desert (Knight et al. 1993, 1999, Knowles et 
al. 1989). Agricultural fields probably are important sources of food (i.e., insects, 
rodents, and seeds) and water for ravens during times of the year when those resources 
are generally in low abundance elsewhere, thus resuhing in more ravens surviving the 
summers and winters (Boannan 1993, unpubl. data). See "Predation," below, for more 
discussion. 

Pumping of ground water for irrigation can ·result in a major change in vegetation 
or habitat type. Koehler ( 1977) rcpo1tcd that the drawing of water for irrigation from 
Koehn Dry Lake, near Cantil in the Western Mojave, lowered the water table by 240 11 
between 1958 and 1976. Berry and Nicholson (I 984a) stale that this lowering of the 
watel' table has approached the Desert Tortoise Natural Area (DTNA) and imply that it 
may affect tortoise habitat, although no data were presented to support the implication. 
Closer inspection of the maps provided in Koehler (1977) show that the water-level 
decline is lower {30 - 180 ft) near tortoise habitat south a11d southeast of Koehn Dry 
Lake. There are no data to indicate what effect this lowering of the water table has on 
mesquite, other vegetation, or to11oisc habitat in the area, but there arc data on the effect 
water table lowering has on mesquite in other arid regions (Nilsen et al. l 984). 

Agricultural fields cause dust storms, called fugitive dust (Wilshire 1980). 
Fugitive dust coats plants, which in tum may reduce photosynthesis and water-use 
efficiency (Sharifi et al. 1997). The end result is lower productivity of forage plants. 
Their study did not specifically look at agricultural dust, but the results are probably 
generalizable. 

The finding of "hundreds of .. tortoise shells" (with no indication of how long the 
tortoises had been dead) was reported anecdotally and second hand by Ben-y and 
Nicholson (1984a) and was correlated with application of an unspecified pesticide to kill 
jackrabbits in a nearby (distance unspecified) alfalfa field. Aside from this single 
unsupported speculation, there al'e no references to possible toxic effects on tortoises of 
pesticides, herbicides, and other chemicals used in agriculture. Pesticide use, particularly 
aerial applications apparently are now very limited in the desert. 

Coif ecting by H11mans 

Humans collect turtles and tortoises for several reasons, and these activities are 
responsible for population declines in several of the threatened and endangered species 
throughout the world (Stubbs 1991 }. Collecting dese11 tortoises for pets was probably a 
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major activity in the recent past (Berry and Nicholson 1984a), although most evidence is 
anecdotal in nature. Since 1961, it has been illegal under State law to collect tortoises in 
California and since I 989 collecting has been a Federal offense (USFWS 1994). The 
Desert Tortoise Recovery Plan (USFWS 1994) cites several documented instances of 
illegal collecting more recent than those in Berry and Nicholson ( 1984a), including the 
unauthorized removal of marked study animals from known study areas. It must be 
cautioned that some of the examples cited in the Rceovery Plan are circumstantial or 
speculative. For instance, Stewart ( 1993) reported one strongly supported (tortoise found 
in a car in Idaho) and one speculative (transmitter and human footpl'ints found on ground 
and tortoise was missing} example of poaching. Berry (1990 as amended) gives purely 
speculative and circumstantial evidence for poaching (namely, marked drop in estimated 
density on a study plot l)Ver a 5-year period with relatively few carcasses being found 
coupled with observations of possibly human-excavated burrows nearby and other 
evidence for poaching several miles away). The available evidence suggests that 
collecting for pets is still occurring, but perhaps at a level lower than previously, although 
this statement is speculative at present. Evaluating the extent of the problem is very 
difficult because of the cryptic nature of the activity. 

A newly documented problem is the collection of wild tortoises by recent 
immigrants for cultural observances (USFWS 1994, Beny el al. 1996). Berry et al. 
(1996) reported that 7. 7% of tortoise burrows found showed evidence of being excavated 
by humans and that the number of such burrows is greater near versus far from dirt roads. 
Their study suggests that poaching tends to occur near roads, even lightly maintained 
ones, thus the presence of roads may help to facilitate poaching. However, there was no 
statistically significant difference in distance from roads for disturbed versus undisturbed 
burrows and the method for determining if a burrow was excavated was circumstantial 
and subjective. 

The bottom line is that there is little evidence to suggest that illegal collecting is 
currently a widespread problem, but there is also little evidence to the contrary. 

Construction Activities 

Construction activities here refer specifically to the generally short-tenn effects of 
actual construction (clearing land, movement of heavy equipment, presence of 
construction crews, etc.). The lasting effects of the constructed facility, once in place, are 
discussed in "Urbanization and Development," "Energy and Mineral Development," 
''Utility Corridors," and "Habitat Loss, Degradation, and Fragmentation" sections below. 
In many ways, most construction projects have similar impacts on tortoises and their 
habitat, regardless of what is being constructed. Those impacts may include: loss of 
habitat by the project footprint; incidental destruction of habitat in a buffer area around 
the footprint; damage to soil and cryptogams on the periphery; incidental death of unseen 
tortoises along roads, beneath crushed vegetation, or in undetected burrows; destruction 
of butTows; handling of tortoises; entrapment of tortoises in pits or trenches dug for 
transmission or fiber optic lines, water, and gas pipelines and other utilities; attraction of 
ravens and facilitatior\ of their survival by augmenting food or water; and fugitive dust 
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(Olson et al. 1992, EG&G 1993, Olson 1996). There are liUle data on the extent of these 
potential impacts. But, Olson ( 1996) reported that a construction of a natural gas pipeline 
had the greatest impact on tortoises and habitat, construction of a transmission line had 
intennediate impacts, and a fiber optic line was the most benign. The differences are 
largely related to the scale of the project, ability of crews to avoid disturbing burrows, 
and timing of construction to avoid peak activity periods of tortoises (e.g., spring). In an 
analysis of 171 Biological Opinions issued by the USFWS in California and Nevada, 
Circle Mountain Biological Consultants ( 1996, see also LaRue and Dougherty 1999} 
found that the majority of tortoise mortality occurred along linear construction projects 
(e.g., pipeline, fiber optic, and transmission lines) with the extensive Mojave-Kern 
Pipeline causing the gl'eater number of deaths (38). Tortoise mortalily also occurred on 
mining, landfill, and military projects. The total number of deaths reported on the 
projects was well below the level authorized by the USFWS (59/1096 = 5.4%). This 
study was strictly an evaluation of known tortoise mortalities occurring during projects 
authorized by the USF'WS under Section 7 of the Endangered Species Act. It therefore 
likely underestimates actual tortoise mortality {e.g., tortoises buried during construction 
or otherwise not found, accidentally killed but not reported, etc.) that occurred. 

Disease 

Disease in general is a normal and natural phenomenon within wild animal 
populations. Diseases can weaken individuals, reduce reproductive output, and cause 
mortality. Epidemic outbreaks of some diseases can become catastrophic, particularly in 
small or declining populations (Dobson and Meagher 1996, Biggins et al. 1997, Daszek 
et al. 2000). Sometimes disease can be controlled by wildlife managers by attacking the 
pathogen; isolating diseased from non-diseased individuals, populations, or species; 
immunizing healthy individuals; or facilitating habitat conditions that increase 
individual's immune systems. Other times there may simply be nothing a manager can 
do. lt is important to understand disease etiology and epidemiology before effective 
management actions, if any, can be determined. 

Two diseases have been identified as possibly affecting the stability of some 
desert tortoise populations: Upper Respiratory Tract Disease {URTD; Jacobson et al. 
199 I) and cutaneous dyskeratosis affecting the shell (Jacobson et al. I 994). A third 
disease, a herpesvirus, was recently identified and may have population-level 
consequences, but very little is known about it (Berry et al. 2002, Origgi et al. 2002). 
URTD has been found in several populations that have experienced high mortality rates, 
including some in the west Mojave (Jacobson et al. 1996, Berry 1997). Much is published 
in peer reviewed journals about the etiology of this disease, which has been found in 
captive turtles of this and several other species (Jacobson et al. 1991) and in wild 
populations of the gopher tortoise (Gopherus polyphemus; Jacobson 1994). Brnwn et al. 
(1994a) showed definitively that URTD can be caused hy a bacterium, Mycoplasma 
agass1z11. [t is likely transmitted by contact with a diseased individual or through 
aerosols infected with M. agassizii. The organism attacks the upper respiratory !ract 
causing lesions in the nasal cavity, excessive nasal discharge, swollen eyelids, sunken 
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eyes, and in its advanced stage, lethargy and probably death (Jacobson et al. 1991, 
Schumacher et al. 1997, Homer et al. 1998, Berry and Christopher 200 I). It must be 
noted, however, that some of these clinical signs may also be characteristic of other 
health condition such as dehydration, allergy, or infection with hei-pesvirus or the bacteria 
Chlamydia or Pasleurella (e.g., Pettan-Brcwer et al. 1996, Schumacher ct al. 1997}. 

Malnutrition is known to result in immunosuppression in humans and turtles 
(Borysenko and Lewis 1979) and is associated with many disease breakouts. It is 
possible that nutritional deficiency in tortoises caused by human-mediated hal:>itat change 
and degradation may be partly responsible for the apparent spread of URTD and its 
perceived impact on tortoise populations (Jacobson et al. 1991, Brown et al. 1994a). 
Shore-term droughts may temporarily reduce immune reactions and increase 
susccp1ibility to URTD (Jacobson et al. 1991), although this is speculative. Whereas 
animals may become debilitated by chronic immune stimulation, no biochemical 
indicators of stress have been identified in diseased compared to non-diseased turtles 
(Borysenko 1975, Grumbles 1993, Christopher et al 1993, 1997). 

Although evidence indicates a correlation between high rates of mortality and 
incidence of URTD within populations (Berry 1997), there is little direct evidence that 
URTD is the cause of the high rates of loss. In two preliminary analyses (Avery and 
Berry 1993, Weinstein 1993), animals exhibiting clinical signs of(both studies) onesting 
positively for (latter study) URTD were no more likely lo die over a one year period in 
the west Mojave than were those not exhibiting signs or testing positive. This may be 
because factors other than disease caused much of the mortality or many animals not 
showing clinical signs of disease in the field were still infected. A serological test for 
presence of antibodies against M. agas.,izii has been developed and is now being used to 
document presence and spread of the disease (Schumacher et al. 1993). But, the test, an 
enzyme-linked immunosorbent assay (ELISJ\) does not indicate present infection, only a 
probability of past exposure. A polymerase chain reaction (PCR) test, which has been 
developed for M. agas3izii is more effective for determining active infection (Brown et 
al. 1995). Lance el al. (1996) reported that infected tortoises had significantly lower 
testosterone and estradiol levels and that diseased females tended to lay eggs less often. 
Finally, there is some evidence that animals at the DTNA. where URTD breakout has 
been particularly intense, may recover from infection (Brown ct al. 1994a, b). 
Interestingly, Berry (2002) reported that none of l 19 wild tortoises tested at 9 locations 
throughout the California deserts in 2000 and 2001 tested positive for URTD. No 
discussion of this result was provided. A thorough epidemiological study is badly needed 
to identify the factors involved in the incidence, spread, and virility of the disease in wild 
populations (D. Brown pers. comm.). 

A shell disease, cutaneous dyskeratosis (CD), has been identified in desert tortoise 
populations (Jacobson et al. 1994 ). CD consists of lesions along scute sutures of the 
plastron and to a lesser extent on the carapace. Over time. the lesions spread out onto the 
scutes. This disease may be caused hy the toxic effect of chemicals in the environment, 
hut evidence is lacking to test this hypothesis. Naturally-occurring or human-introduced 
toxins such as selenium, chlorinated hydrocarbons, organophosphate~, nitrogenous 
compounds, and alkaloids have all been implicated (Homer et al. 1998), but there are no 
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da1a showing a direcl link. The disease may also be caused by a nutritional deficiency 
(Jacobson et al. I 994 ). lt is not known whether or not CD is caused by an infe<:tious 
pathogen or if secondary pathogens act to enhance the lesions (Homer et al. I 998, Homer 
pers. comm.). It is unclear if the disease is actually lethal or responsible for declines in 
infected tortoise populations (Homer et al. 1998). Only one documented case of CD from 
the West Mojave Desert was found in the literature (Homer et al. 1998). 

If the shell diseases are toxicoses, toxic responses to environmental toxins (e.g., 
heavy metals, chlorinated hydrocarbons, organophosphates, and selenium), then there 
may be a direct link between these diseases and human activities unless the toxin is a 
natural component of the physical environment. Chaffee et al. (1999) found no significant 
correlation between elevated levels of metals in organs of ill tortoises and in the soil 
where the tortoises came from. If there is a link to human activities, then we can consider 
solutions that would re<luce levels of input of the toxic chemical. However, this link is 
cutTently highly speculative. 

There is some recent, albeit weak, preliminary evidence linking heavy metals to 
disease in tortoises. In necropsies of 31 mostly ill tortoises, Homer et al. (l 994, 1996) 
found elevated levels of potentially toxic metals and minerals in the liver or kidney of 
one or more of the animals. Since most of the animals were ill to begin with, an 
association was made between the presence of the toxicants and presence of the disease. 
However, that study is strictly correlative, and fails to demonstrate a cause and effect 
relationship. Berry ( 1997) claims that "the salvaged tortoises with cutaneous 
dyskeratosis had elevated concentrations of toxicants in the liver, kidney, or 
plasma ... and/or nutritional deficiencies." However, closer examination of 1he data 
presented in Homer ct al. (I 994, 1996) and cited in Berry (1997) reveals a remarkably 
low association with only I out of 12 tortoises with CD having at least one toxicant 
concentration g.-eater than two standard deviations above the mean. Four other animals 
also had unusually high levels of at least one toxicant, but did not suffer from CD. 
furthermore, Homer et al. (I 994, 1996) identified abnol'mally high levels as being those 
concentrations that are greater than two standard deviations from the average 
concentration found in the 31 tortoises. In a nonnally distributed set of 20 randomly 
selected values, I will, by definition, fall outside of 2 standard deviations from the mean, 
because 2 standard deviations is defined as including only 95% of the samples. So if 100 
comparisons are made, then 5 levels will be considered abnormally high or low just by 
chance. In the study, 689 values would be reported, thus 34 (or 95%) would be expected 
to be greater than twice the standard deviation from the mean just by chance. In fact, 32 
were identified as falling outside this range of two standard deviations. These data are in 
need of a thorough statistical analysis. Homer (pers. comm.) has found significantly 
higher levels of iron (in liver) and cadmium (in kidneys and liver) of tortoises with 
URTD compared to those in a control group. It is not known if the levels identified by 
Homer et al. (1994, 1996, pers. comm.) as being abnormally high are biologically 
significant. Homer (pers. comm.) has found significantly reduced levels of calcium in the 
liven. of tortoises with CD, which suggests a nutritional deficiency may he involved in 
the disease. 
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Several other diseases and infections have been identified in desert tortoises 
(Homer el al. 1998). These include a poorly known shell necrosis, which can result in 
sloughing of entire scutes; bacterial and fungal infections; and urolithiasis, a solid ball
like deposition of urate crystals in the bladder (i.e., bladder stones; Homer et al. 1998). 
There is no evidence to suggest that any of these diseases are at this time widespread, 
threatening population stability, or hindering population recovery. 

Beyond taking precautions to avoid spreading the disease when handling many 
animals (Rosskopf I 991, Berry and Christopher 200 I), educate the public against 
releasing potentially-diseased captive animals (Berry 1997), include only healthy 
individuals in translocation efforts (Brown 1994a), the practical management 
implications of !he disease data are unclear. Tully (1998) states, without explanation, 
that URTD infections are not likely lo be controlled by immunizations. Improving 
habitat conditions may help reduce stress-induced immunosuppression (Brown 1994a), 
but the link between stress from poor habitat quality and susceptibility to URTD is only 
speculative. 

Drougl,t 

A drought is an extended period of abnormally low prcc1p1tataon. Unlike 
kangaroo rats and some other desert vertebrates, to1toises acquire much of their water, 
and maintain and overall positive energy balance, from standing sources (Peterson 1996). 
O'Connor et al. (1994a) showed that water deprivation in a group of semi-wild tortoises 
caused higher levels ofphysiologieal stress (using several blood assay profiles) compared 
to a group of semi-wild tortoises with water supplements and a group of free-ranging 
tortoises. Peterson ( 1994a) recorded abnormally high levels of mortality in two tortoise 
populations (west and east Mojave) during a three-year period of an extended drought. 
The deaths in one population (lvanpah Valley) were attributed to drought-induced 
starvation and dehydration and occurred in the third year of study. Ken Nagy (pers. 
comm.) has slated that tortoises can probably survive 1-2 years without drinking water 
but will start dying of dehydration after that. The primary source of mortality, which 
occurred throughout the three-year study, at the DTNA was coyote predation. The 
coyotes may have switched to the less desirable tortoises following hypothesized 
drought-induced reduction in coyotes' normal prey (black-tailed jackrabbits; see also 
Jarchow 1989). Alternatively, tortoises may have been in a weakened condition due to 
URTD, but Peterson ( 1994a) found little evidence of disease in his study animals. Low 
rainfall can also reduce reproductive output with tortoises producing fewer eggs or 
suspending egg-laying altogether in low-rainfall years (Turner el al. 1984, Lovich et al. 
1999). Avery et al. (2002) documented higher survival and reproduction among females 
al higher elevation site that received more rain than a lower one in Ivanpah valley. 
Tortoises may survive drought periods by eating less nutritious cacti and shrubs (Turner 
etal. 1984, Avery 1998). 

Much of the desert experienced sho11-term drought conditions in the late I 980s 
(Corn I 994a, Hereford 2002), a period when rapid declines and high mo11ality were 
reported in some tortoise populations (Beny 1990 as amended, Com 1994a, Peterson 
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1994a). However, Corn (1994a) reported that, between 1977• 1989 there was no 
correlation between winter precipitation and relative abundance of large (:. 180 mm 
median carapace length [MCL)) or small (<180 mm MCL) tortoises, but there was a 
significant correlation between summer precipitation and relative abundance of small 
to1toises. Some reports exi5t of dehydrated and emaciated tortoises being found (Berry 
1990 as amended, Peterson I 994a, Homer et al. 1996). 

Drought is a normal phenomenon in !he Mojave Desert (Peterson I 994a,. Hereford 
2002). Desert tortoises have lived in the Mojave Desert for over 10,000 years and 
probably have evolved under similar boom-bust conditions (Peterson 1994 a,b, 1996; 
Henen I 997; Nagy and Medica 1986). lt is possible that drought can cause episodic 
mortalities punctuated by periods of low mortality during years with more abundant 
rainfall. It is reasonable to speculate that drought-induced stress in concert with other 
threats (e.g., disease, predation) resulted in significant mortality (Peterson 1994a), but 
there are little data to test this hypothesis. An epidemiological study is needed to 
evaluate the effect drought has on tortoise populations. 

E11ergy and l',,lineral Developments 

Energy and mineral development includes: pn:sence of utility lines, transmission 
lines, and gas pipelines; development of land for oil and gas leases; geothermal and solar 
energy generation; and digging exploratory pits for and extraction of minerals. Impacts 
from energy and mining developments can include habitat destruction and direct 
mortality from off-road travel to explore and access sites; habitat loss to road and 
development construction, leachate ponds, tailings, rubbish, etc.; introduction of toxins; 
fugitive dust and soil erosion; and urban-type developments to support large mining 
operations. The extent of area directly aftected by energy and mining is difficult to 
assess because the data are nol re11dily available. According to Luke et al. (1991), as of 
1984, 41 % of high density tortoise habitat rangewide was leased or partially leased for oil 
or gas and 2% was directly impacted by mining operations or leased for geothermal 
developmenl. However, no indication was given for how these figures were obtained. 
Most mining operations are point sources of disturbance with potentially little effect 
beyond the immediate site of development. The greatest effect may come from the 
cumulative impact of many relatively small mining-related disturbances combined with 
facilitation of rural or urban development (e.g., Randsburg) to support the mining 
operations in a given area. However, large-scale operations that depend on frequent haul 
trucks to transport excavated minerals may also present vehicle-related impacts such as 
increased road kills and air pollution. 

There are few data on the effects of energy and minei-11I development on tortoise 
populations. Mo1talities have occurred in association with mining activities (LaRue and 
Dougherty 1999). Hard rock mining. particularly pit mining and operations in dry 
lakebcds, can be a major source of fugitive dust (Wilshire 1980). Loss of habitat and soil 
and vegetation disturbance can be substantial and major, depending on the size of the 
area. Although illegal, cross-country travel to drill and access lest pits, stake claims, and 
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evaluate mineral potentials still occur (pers. obs.) and needs to be properly documented 
and evaluated. 

Energy development has similar impacts, particularly direct and indirect loss of 
habitat, fragmentation of habitat and population, and effects of access roads, which are 
likely to be relatively light once construction has ended (Brum et al. 1983). Construction 
of transmission lines requires grading of new roads for construction of towers and 
maintenance of the lines, and clearing or terracing of habitat for tower placement. Not 
only is habitat lost (0.16 to 0.24 mi1 per mile of transmission line; Robinette 1973, cited 
in Luke et al. 1991 ), but the new road may help to fragment the population and provide 
access to areas for other human-related impacts (see ''Utility Corridors" section, below). 
The access roads are also an important source of windblown dust and attendant erosion 
(Wilshire 1980). The presence of new utility lines, necessary to distribute the electricity, 
may help facilitate nesting by ravens in specific areas they did not nest in before, if those 
areas did not have adequate nesting substrates before the new towers were erected 
(Boarman 1993, Knight and Kawashima I 993). For more discussion, see "Utility 
Corridors'' section, below. 

Aside from loss or habitat and other consequences associated with access roads 
and transmission lines, there is little evidence that energy generation negatively impacts 
tortoise populations. If designed and managed properly, wind generation may be 
compatible with tortoise populations (Lovich and Daniels 2000). Tortoises made 
extensive use of wind turbine pads for burrow cover and, by restricting access, the wind 
park served as a de facto l'eserve that minimized several other harmful human activities 
such as ORV travel, vandalism, and illegal collections. The only study found on solar 
energy impacts showed that here were only very small changes in air temperature, wind 
speed, and evaporation rates downwind from a solar power J}lant in the western Mojave 
Desert (Runde! and Gibson 1996). They did not study impacts to tortoise populations. 

Fire 

Fire, once considered a rare event in lhe Mojave Desert {Humphrey I 974 ), now 
occurs with ever-increasing frequency causing a greater threat to tortoises and their 
habitat (USFWS 1994. Brooks ! 998). Fire frequency has increased with the proliferation 
of introduced plants, particularly the grasses, red brome (Bromus rubens) and splil grass 
(Schismr1s barbatus and S. arabicus), which provide fuel for fires (Brown and Minnich 
1986, Brooks 1999b). These plants help to spread fire hecause they are often c,,mmon, 
tend to grow in large relatively dense mats, and fill the intershrub spaces, which are 
largely devoid of native vegetation (Brown and Minnich 1986, Runde! and Gibson 1996, 
Brooks 1999b). Fires cause direct mortality when tortoises are burned or inhale lethal 
amounts of smoke, which can happen both in and out of burrows. Documented cases of 
tortoises being burned by fires a.-e uncommon, but do occur (e.g., Woodbury and Hardy 
1948 • circumstantial, secondhand account of 14; Horner et al. 1998, rept.>rts I; Esque et 
al. in press, reports S, which is 4-13% of the study population; Lovich, pers. comm., 
found I). Fires are probably most ha7,ardous to tortoises when they occur during the 
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active season for tortoises (e.g., spring in the West Mojave). Previously rare, frequency 
of spring fires are now on the increase (Brooks 1998). 

There are several possible indirect impacts of fires. Fires remove dry and some 
living forage plants. They facilitate proliferation of non-native grasses (Brown and 
Minnich 1986, Brooks and Berry 1999). The effect this has on tortoises is as yet 
unresolved. There is some evidence that tortoises may selectively avoid exotic grasses 
{Jennings 1993, Avery 1998), but Esque (1994) showed that tortoises may choose to eat a 
majority of non-native plants, particularly in drier years. The physiological consequences 
of foraging on non-native grasses is also nol entirely known, but. in a manipulative study 
with semi-captive tortoises, Nagy et al. (1998) showed that grasses, native and non
native) provided tortoises with much less nitrogen than did forbs and tortoises tended to 
loose watel' when eating them. Avery ( 1998) also showed that tortoises eating only split 
grass lost weight, assimilated less protein, and were in a negative nitrogen balance, 
whereas those that were fed a native forb (Camissonia boothii) maintained their weight 
and experienced a positive nitrogen balance. Those to11oises that fed on both plat types 
maintained their weight but experienced a net loss of protein. By removing vegetation, 
fires may alter the thennal environment by increasing temperature extremes experienced 
by seeds, plants, and burrowing tortoises (Esque and Schwalbe 2002). Soil erosion is 
enhanced by the loss of stabilizing vegetation, roots, and cryptogamic crusts (Ahlgren 
and Ahlgren 1966). Fires fragment tortoise habitat by creating patches of unusable 
habitat, at least over the short term. There is some evidence of an increase in availability 
of nitrogen and other nutrients for a short while following fires (Loftin 1987), but none 
demonstrating that plant growth is stimulated by this nutrient flush. Overall effects on 
vegetation are variable, and may depend in large part on the intensity of the fire, 
characteristics of the plants, and post-fire precipitation (Esque and Schwalbe 2002). 
Brown and Minnich ( 1986) found an increase in annual vegetation following a fire during 
an unusually rainy period. On the other hand, O'Leary and Minnich (1981) found no 
difference during a drier year. 

The structural characteristics of vegetation in years following fires has been 
studied. Following burns in creosote scrub community in the Colorado Desert, Brown 
and Minnich ( 1986) found 23% higher cover by annual forbs, most of which were 
exotics. Cover by some native forbs, including ones preferred by tortoises, were also 
highei- in burned vs. unburned areas. They also found that perennial plants, particularly 
creosote bush, were damaged and exhibited low levels of stump sprouting and 
germination following more intense fires. A change in dominant shrub type resulted, but 
the study only repo11ed on 3-5 years post-bum; no data were presented on possible long
term ~uccessional changes or recovery. Dense cover by annuals, particularly introduced 
grasses, provides higher fuel loads, which results in more fires that are also hotter (Brown 
and Minnich 1986, USFWS 1994, Brooks I 999b ). 

The amount of tortoise habitat burned by recent fires is relatively low, but 
increasing. For example, between 1980 and 1990, 243,317 acres burned in the Mojave 
Desert in California, which is an average of 38 mi2 per year (USFWS I 994). The increase 
in number of fires per year over the ten-year period was statistically significant. Tracy 
( l 995) reports that fires occur much more frequently near roads and towns, but no data 
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were presented in this abstract. Duck et al. (1995) reported that tortoises may be killed 
by tire-fighting activities, including by large fire trucks driving off of roads in tortoise 
habitat, and recommended training and fire management techniques to reduce the 
problem. 

Through its destructive effect on woody shrubs, fire has been used to manage 
(i.e., improve for cattle foraging) desert grasslands. In desert grassland of southern 
Arizona, fire removed 9-90% of targeted shrubs (i.e., mesquite, Prosopsis juliflora; 
burro-weed, Ap/opappus tenuisectm·; prickly pear cactus, Opunliu occidentalis; and 
cholla, Opuntia sp.; Reynolds and Bohning 1956 ). This work was not conducted in 
tortoise habitat and the efficacy of using fire in similar ways has not been tested in the 
Mojave Desert nor has its effectiveness at improving habital for tortoises been tested. 

Garbage a11d Litter 

Garbage illegally dumped in the desert is unsightly, may cause local habitat 
alteration, and may affect individual tortoises. Indeed, in a popular article, Burge (1989) 
cited an instant of a tortoise losing its leg after getting it caught in the string of a disposed 
balloon. She also reports finding foil and glass chips in tortoise scat. No details were 
provided. There are no data to suggest that litter is a widespread or major problem for 
tortoise populations. The relationship between organic litter and raven predation on 
tortoises is covered under "Predation," below. 

Illegal dumping of hazardous wastes is an increasing problem in the California 
deserts (John Key, pers. comm.) Toxins are known to cause a myriad of problems for 
wildlife (Jacobson et al. 1994), and presumably elevated levels (see "Disease" section, 
above) of certain metals (e.g., cadmium, copper, molybdenum, mercury, lead) have been 
found in the tissues of desert tortoises (Homer et al. 1994, 1996, 1998). The distribution 
and limited size of illegal dumps and hazardous spills suggests that this is a minor 
problem for tortoise populations as a whole, but they may be of concern on a localized 
basis. Metals and other pollutants may enter lhe environment from other sources 
including mining and air pollution, but their effects on tortoise populations remain 
speculative. 

Handling a,1d Deliberate 1l1anipulation of Tortoises 

Handling and deliberate manipulation of to110iscs includes curious members of 
the public picking them up and sometimes removing them from the wild, biologists 
relocating and translocating them to new sites, pet owners releasing captive tortoises into 
the wild, and researchers manipulating to11oiscs for scientific experimentation. The 
effects can be manifold, depend on the type of handling, and remain largely unstudied. 

Members of the public will sometimes pick up to11oises when they find them on 
roads or alongside trails. They do so out of curiosity or to remove the animal from 
ham,'s way (Ginn 1990; picking up a tortoise to cause harm is covered in the 
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"Vandalism" section, below). Any such handling or even disturbance of a tortoise is 
illegal under the Endangered Species Act, although it is unlikely that USFWS would 
prosecute a person who moves a tortoise out of harm's way (pers. obs.). 

There are several possible effects of this type of well-meaning handling, but most 
of them fit into the realm of speculation or science lore. First, when tortoises are handled 
they sometimes void the contents of their bladder, which may represent loss of important 
fluids and it is thought this loss could be fatal (Averill-Murray 1999). Averill-Murray 
(1999) provided some evidence that handling-induced voiding may jeopardize 
survivability, although usually relatively small amounts oftluid are discharged. Smaller 
animals were more likely to void, hut, if the animal was recaptured at a later date, its 
growth was not inhibited as a result of voiding previously. The statistical significance of 
his results may be compromised by his decision not to adjust the level of significance to 
account for making multiple tests (a problem similar to that noted about Homer 1994, 
1996, in the "Disease" section above). Nonetheless, the results suggest there may indeed 
be a trend towards voiding affecting tortoise survival, particularly in drought years, and 
this should be followed up with more experimentation. 

Other problems with handling tortoises can occur. Diseases might be transferred 
between tortoises if people handle more than one tortoise without sterilizing their hands 
or using different clean or sterilized gloves for each handling {Rosskopf 1991, Berry and 
Christopher 2001). It is claimed that turning over a tortoise to look at its underside will 
harm its internal organs, break eggs, or cause shock ( Rosskopf 1991 ), but there is no 
evidence to support this contention. It may be detrimental to a handled tortoise if it is 
released outside of its home range, far from known burrows, or away from shade (e.g., 
Stewart 1993). This wuld be particularly ha£ardous during hot, dry weather or late in the 
afternoon, but again no data exist to support this likely speculation. Finally, the 
disruption of behavior by handling or just approaching the tortoise could bt: harmful if the 
disruption causes the animal to withdraw into its shell long enot1gh to prevent it from 
being able to eat, dl'ink, or retreat to a safe cover site (e.g., burrow, pallet, or shrub) for 
the night, thus leaving it exposed to predators or harsh environmental conditions. The 
probability of this disruption being hazardous to the tortoise is likely low, unless 
disruptions occur extremely frequently. Tortoises can go many months without eating or 
drinking (Peterson 1996), so a few minutes of disruption is nol likely to alter their 
nitrogen, energy, or water balance. All of these claims need further study to subslantiate 
their validity. 

Relocation of animals to a new area is frequently recommended, and is 
occasionally implemented to save tortoises from construc1ion and other gmund disturbing 
activities. Possible problems with translocation efforts include increased risk of 
mortality, spread of disease, and reduced reproductive success. There have been a few 
studies of the effectiveness of relocation effo1-ts, and most of the relocations generally 
have been marginal to unsuccessful. A study summarized in Berry (1986b) found that 
22% ( 13/43) of the animals translated 16 to 88 km from their capture sites stayed at their 
relocation sites for more than several days, but only tive remained for IS months to 6 
years. Few mortalities were observed, but many disappearances from unknown causes 
occurred; these animals may have died or wandered away. In another relocation effort, 
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91 % (10/11) stayed within the relocation area, which was only about 450 m from where 
they were moved, for at least 3 months and at least 36% (4/11) were present after 16 
months (Stewart and Baxter 1987). In a third effort, 56% (9/16) of relocated tortoises 
stayed in the area (5.6 km from their original home ranges) for at least 1.5 years {Stewart 
1993). At least 25% (4/16) died within about 2.5 years. A fourth relocation effort was 
conducted in Nevada. Several tortoises were moved to an area immediately adjacent to a 
development site (Corn, 1994b, 1997). These l3 animals were moved to areas 2 k.m 
away, which was still within or very close to their pre-translocation home ranges. There 
was no difference in survival, but displaced animals had larger home ranges than did the 
residents. A preliminary analysi~ of a fifth study showed that mortality was significantly 
greater among guests {tortoises moved to a pen immediately adjacent to their capture 
sites) than hosts (resident tortoises; Weinstein 1993). All of these relocation studies 
covered short time periods and only measured movements and survival. None of them 
looked at reproductive success or long-term survival, two of the most important measures 
of success. 

An ongoing project transloeating tortoises many miles from their capt\lre site 
apparently is showing success, but no reports or p\1blications (other than abstracts) arc 
available. Apparently, survivorship and reproduction are equivalent between relocated 
tortoises and resident tortoises (Nussear et al. 2000). Relocated tortoises did move more 
during their first year in the new site, but after that their movements were not 
significantly different than those of resident tortoises. Tortoises released in Utah also 
moved more than did resident tortoises there (Wilson et al. 2000). Both of these studies 
need further analyses and complete presentations before their results can be adequately 
evaluated. The success of desert tortoise relocations probably depends on distance of 
relocations, habitat quality, density of host population, rainfall, and health condition of 
the relocated and host animals. 

Probably tens of thousands of desert tortoises are held in captivity throughout 
southern California, Nevada, and elsewhere, some were taken from the wild, others were 
reared in captivity. There are several documented cases of captive tortoises being 
released into the wild (Howland I 989, Ginn 1990), an activity that is now illegal. 
Release of captives may be detrimental to both captives and 1·csident tortoises. Released 
captive tortoises may die (Berry et al. 1990) because they do not know how to fend for 
themselves in the wild; will not initially know where to find cover sites, good forage, 
sources of water, or essential minerals; and may not have genetic adaptations necessary to 
survive in the particular area. However, 25 formerly-captive tortoise were released in 
Nevada (Field et al. 2000). The animals were equipped with radio transmitters and 
followed for 14 months. The unpublished results indicate that movements and weights 
did not differ between released and resident tortoises. No adults died (released or 
resident) and 2 ( out of 8) released juveniles died compared to neither of the two residents 
studied. 

Of greater concern for the stability or recovery of tortoise populations is the 
possible impact of the released captives on resident (host) tortoises. The greatest likely 
effect is the introduction of disease to the wild population. URTD, the disease presently 
believed by many to have detrimental effects on several wild tmwise populations (see 
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"Disease" se<:tion, above), is commonly found in captive tortoises (Berry et al. 2002, 
Johnson 2002). Releasing into the wild tortoises that are infected with URTD may 
introduce the disease-causing bacterium, Mycoplasma agassizii, to previously uninfected 
individuals and populations. There is some evidence that the incidence of disease is 
greater in areas of known releases of captives and around urban areas where release or 
escape of captives is likely to be relatively frequent (Jacobson 1993, Berry pcrs. comm.). 
However, data on the rangewide incidence of disease have not been peer reviewed and 
are not generally available, so it is not possible to evaluate this hypothesis. 

Desert tortoises have been manipulated in many ways as part of scientific studies. 
They have been probed, stuck with needles, affixed with transmitters, implanted with 
transponders, weighed, measured, pulled and sometimes dug out of burrows, tom name a 
few. All manipulative research involving desert tortoises must be pcm1itted by USFWS 
to ensure that risk of harm to the tortoises is minimized. USFWS closely evaluates 
methods and qualifications of researchers before issuing a pennit. There is very little 
written on the effects of research manipulation. In a preliminary analysis from one study, 
Weinstein { 1993) reported that significantly fewer animals whose blood was sampled on 
a regular basis subsequently died compared to those whose blood was not sampled. In an 
evaluation of the possible effects of one research tool, Boannan et al. (1998) summarized 
from the literature on possible impacts to turtles of different ways of attaching radio 
transmitters. They concluded that there is little evidence of negative impacts of 
transmitters on turtles and particularly tortoises. Their concluded this partly because of 
paucity of published accounts of problems experienced. There are a few undocumented 
reports of individual animals dying from excessive bleeding following blood extraction 
and possible excessive mortality of animals that had blood extracted 3-4 times per year 
for several years, but none of this is reported in the literature and thus remains anecdotal. 
Kuchling (1998) hypothesized that X-rays, used to measure reproductive success, are 
hazardous to tu11lcs. Using empirical data, Hinton et al. (1997) argued that 1.-rays are 
safe when extremely low dosages of radiation are employed, which can be accomplished 
with use of rare earth screens. 

Invasive Plants 

The introduction and proliferation of invasive plants is a continuing and 
increasing problem in the desert. The most common invasive plants found in tortoise 
habitat in the west Mojave Desert are c:heatgrass (Bromus tectorum), red brome (foxtail 
chess, Bromus madri1ensis rubens}, split grass (Scliismus barbaws, and S. arabicus), 
redstem filaree (Erodiwn cicutarium), Russian thistle (tumbleweed, Salsola trag11s), 
Sahara mustard (Brassica toww:fortii), and fiddlcneck (Amsinckia te.tse/lata; Kemp and 
Brooks I 998). Fiddlencck is a native species to the U. S., but others are natives to 
Eurasia, Africa, or South America (Kemp and Brooks 1998, Esque et al. in press). By 
one estimate, alien annuals comprised 9-13% of all annual plant species but 3 species 
(red brome, split grass, and redstern filarcc} comprised 66% of all annual plant biomass in 
one wet year (Brooks 1998, 2000). Other less common weedy species are listed in 
USFWS ( 1994, p. D21) and Kemp and Brooks ( 1998). 



Invasive grass species ( e.g., split grass) tend to have thin, filamentous roots that 
spread quickly and easily through shallow compacted soil where the surface crust has 
been broken {Adams et al. 1982a, b). The root structure allows plants with filamentous 
roots to quickly take advantage of small amounts of water in the soil following light rains 
and may allow them to outcompete native, non-weeds, which oftel) grow slower, have 
thicker tap roots that are less efficient at pushing through dense, compacted soil (Adams 
et al. 1982a, b). There is some empirical evidence that split grass and red brome inhibit 
or prevent the growth of native plants, including ftddleneck (Brooks 2000), indicating 
that competition may be occurring and that the native plants are less available to foraging 
tortoises. However, in Nevada, Hunter ( 1989, cited in USFWS 1994, p. D22) found no 
correlation between native plant density and density of red brome. 

In general, invasive plants tend to proliferate in areas of disturbance (Hobbs 
1989), but the effect of disturbance may be weak compared to that of rainfall and soil 
nutrient levels. Density or biomass of weedy plants in the Mojave Desert may be higher 
in areas disturbed by ORVs (Davidson and Fox 1974), livestock (Webb and Stielstra 
1979, Durfee 1988), paved roads (Frenkel 1970, Johnson et al. 1975), and dirt roads 
(Brooks 1998, 1999a). In a strictly correlative study, Brooks ( 1999a) found that the 
biomass of two annual exotic plants was weakly associated with levels of disttirbance 
{disturbance was from OR Vs and sheep gra,:ing}. Biomass of the introduced plants was 
also positively associated with soil nutrient levels and the proportion of total biomass and 
species richness (number of species in a given area) comprising exotic species was 
negatively associated with annual rainfall (i.e., relative pro!)ortio1) of exotic annuals was 
greater in years with low annual rainfall). 

An additional factor that may facilitate pro Ii feration of alien plants is increased 
nitrogen deposition from airborne pollutants (Allen ct al 1998). Nitrogen, in the form of 
nitric add and nitrate from automobile exhausl, deposits on plants and soil downwind 
from urban areas (Fenn et al. 1998) and perhaps from roads. Brooks ( 1998) has shown 
experimentally that the addition of nitrogen to west Mojave soil increases the biomass of 
brome and split grass thereby potentially increasing their competitive advantage over 
native plants (Eliason and Allen 1997). The effect ORV-based exhaust has on desert 
vegetation has not been establishe<l. 

It is often stated that non-native plants are of lower nutritional quality than native 
species preferred as forage by tortoises, but this is not always the case. The difference in 
nutritional quality may have more to do with the type of plant ( e.g., grass versus forb, 
Nagy et al. 1998) or annual differences in nutritional quality related to precipitation 
(Oftedal 200 I). For example, the non-native split grass, which is often eaten and 
sometimes preferred by tortoises (Esque 1994), has been shown empirically to deplete 
to1toises of nitrogen and phosphorus and water and cause weight losses (Avery 1998, 
Nagy ct al. 1998, Hazard et al. 2001), but so docs the native Indian rice grass 
(Achnatherum hymenoides, Nagy et al. 1998). A very (1998} also demonstrated that split 
grass was lower in overall quality, crude protein, essential amino acids, water, and 
vitamin concentrations and higher in fiber and heavy metal concentrations than three non
grass species measured (one introduced and two native forbs). The introduced forb, 
redstem tilaree, had higher aluminum and imn concentrations, but was othctwise similar 
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to native forbs. Where lower-quality weedy grasses can outcompete preferred higher
quality forbs (Brooks 2000), forbs may be less available to tortoises, tonoises would have 
to eat the lower quality invasives, and they would 1hen suffer from a nitrogen and 
phosphorus (or other nutrient) deficiencies (Hazard et al. 200 I}. This speculation 
requires further testing. 

Mechanical injury from invasive grasses has been observed with instances of the 
sharp awn of Bromus rubens being stuck in the nares of tortoises as well as impacting the 
food in the upper jaws of the tortoises (Medica, pers. comm.). The interactive effect that 
invasives and fires have on tortoises was discussed in the "Fire" section, above. 

Landfills 

There are approximately 27 authorized sanitary landfills and an unknown number 
of unauthorized, regularly used dumpsites in the Califomia deserts. In the West Mojave 
Desert, there are 11 authorized landfills. The potential impacts landfills have on tortoise 
populations include: loss of habitat, spread of garbage, introduction of toxic chemicals, 
increased road kills from vehicles driving to or from the landfill, proliferation of 
predatory raven populations, and possible facilitation of increases in wyole and feral dog 
populations. Other than for raven predation, there are virtually no data to evaluate most 
of these po~sible threats. 

Loss of habitat to landfills is relatively minor except when viewed in the context 
of habitat degradation and fragmentation caused by the myriad of human developments 
that are proliferating in the desert. Spread of garbage probably poses a very small 
problem for tortoise populations (sec •·Garhage and Litter'' section, above), but there are 
no data available to evaluate this. The possible effect of toxic chemicals in general is 
treated in the ''Disease" section, above, but toxins from sa11i1ary landfills are likely co 
have very little effect on tonoise populations. Modem sanitary landfills are designed to 
prevent the seepage of toxic chemicals and present a very low level {or probability) of 
risk, and any seepage from these or less optimally operated landfills would probably 
affect a very small proportion of tortoises. Landfills do generate methane gas, but 
because desert landlills are so dry, the generation of methane is extremely low and not 
likely to affect tortoises. Fugitive dust is probably a localized problem and generally 
minimized through fre<Juent sprinkling of the dirt. Increase in road kills is probably 
proportional to the level of traffic, speed of vehicles, density of tortoises, and length of 
road. For most landfills, these factors are relatively low, so lhe impact of road kills on 
tortoise populations from vehicles going to landfills is probably relatively minor, but they 
do happen (LaRue and Dougherty 1999). However, several landfills are slated to be 
closed and converted to transfer or community collection stations. The garbage would be 
deposited into dumpsters or large compactors at these stations, then transported to a small 
number of larger regional landfills. This activity could increase the amount of traffic at 
these tewer landfills thereby increasing the number of road kills. 

The greatest potential impact landfills have on tortoise populations is through 
their probable role in facilitating increased predation by ravens, and perhaps coyotes. 
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Ravens make heavy use of landfills for food (Engel and Young 1992, Boannan et al. 
199:5, Kristan and Boarman 200 I). The food eaten probably helps ravens to survive the 
summer and winter. when natural sources of food are in low abundance (Boarman 1993, 
in prep.). As a result, more ravens are present at the beginning of their breeding season 
(February - June) to move into tortoise habitat, nest, l'aise young, and feed on tortoises. 
Healthier ravens are more likely to raise chicks successfully, who in turn will move to the 
landfills and experience higher than normal levels of survival, and the cycle continues. 
Predation by ravens is probably relatively low immediately around landfills where 
tortoise populations are relatively low, but increase as ravens disperse to distant nest sites 
(Kristan and Boarman 200 I). See the "Predation" section, below, for more details. 

Livestock Grazing 

Grazing by livestock {cattle and sheep) is hypothesized to have direct and indirect 
effects on tortoise populations including: mortality from crushing of animals or their 
burrows, destruction of vegetation, alteration of soil, augmentation of forage (e.g., 
presence of livestock droppings, and stimulation of vegetative growth or nutritive value 
of forage plants), and competition fo1· food. 

B&duce Tortoise Density 
TI\crc are very few data available to determine if gra:.:ing has caused declines in 

tortoise populations. The Beaver Dam Slope, Utah, was grazed heavily by sheep until 
l 9SO's and cattle arc still grazing there today (Oldemeyer I 994 ). Tortoise populations on 
the Beaver Dam Slope were estimated at 150 tortoises/mi2 (Woodbury and Hardy 1948), 
but, using very different methods, the population apparently dropped to 34-47/mf in 
1986 (Coffeen and Welker 1987, cited in Bury et al. 1994). The reductions have been 
attributed to grazing, but another cause may include the potential spread of disease from 
captive tortoises released in the area (Luke et al. I 99 t ). High mortalities and population 
declines in Piute Valley, Nevada, have also been attributed to grazing (Mol'timer and 
Schneider 1983, and L\lke et al. 1991 ), but 198 l was a drought year and a high level of 
recent mortalities may have occurred. Such was the case in lvanpah Valley where 18.4% 
of radio-transmittered tortoises died (Turner et al. I 984). It is interesting to note that 
there appeared to be more tortoise mortalities in the section of the Piute Valley study area 
that experienced lower levels of recent cattle grazing (Mortimer and Schneider 1983), but 
the data are insufficient to make a definitive judgement. No population trends in 
California have been attributed with hard data to livestock grazing. 

An alternative hypothesis, proposed by Bostick ( 1990), is that tortoise population 
declines paralleled declines in cattle grazing throughout the West that began in 1934 with 
the implementation of the Taylor Grazing Act. Unfortunately, there are no reliable data 
to test this hypothesis. But its underlying assumption, that tortoises depend on cattle 
dung for protein, has no empirical support (sec "Cow Dung as a Food Source'' section, 
below). 
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Direct Impacts 

CRlJSIIING TORTOISES 

Some observations of tortoises being crushed by livestock exist in the literature, 
but often with little or no data to allow in-depth evaluation. Berry (1978, p. 28) stated 
that "smaller tortoises can be crushed easily by cattle or sheep,'' but provided no data to 
support the statement. Berry ( 1978, pp. 19-21) also reported that "a small two-to-three
year old to1toise with a hole through its shell was found near a temporary watering trough 
near the DTNA. It appeared to have been killed by sheep within the last few days; the 
hole in the shell was about the size and shape of a sheep's hoof." Ravens also peck holes 
in the shells of young tortoises; insutlicient information was provided to know if the hole 
was inconsistent with raven predation. Ron Marlow (pers. comm., cited in Berry 1978) 
described the disappearance of a marked juvenile tortoise and its small burrow by the 
trampling by sheep. Apparently the marked tortoise was never observed again, so 
Marlow det1mnined the sheep killed it. The tortoise may have been killed when sheep 
trampled the burrow. Howevei-, marked juveniles are often never seen again, !lo the 
tortoise either survived or died from one of many causes. Any one of these anecdotes 
may be a true indicator of the nature of tortoise-cattle interactions, but the infonnation 
provided is inadequate to allow for rigorous evaluation and are very susceptible to 
alternative explanations. 

Sheep and cattle may not step on tortoises because they ai-e very cautious of 
stepping on uneven ground (rocks, bushes, etc.) for fear of losing their footing. This 
view is supporte<l by the paucity of documentation of tortoises being crushed by cattle 
and sheep. One published paper (Balph and Malcchcek 1985) reported a test of a relate<l 
hypothesis: cattle will avoid stepping on clumps of bunchgrass because the clumps form 
an uneven surface that may cause the cow to trip. Caltle significantly avoided crested 
wheatgrass (Agropyron cristatum) tussocks, avoidance was independent of cattle density, 
and taller tussocks were less apt to be trampled than short ones. Out of 288 hoofprints 
recorded, IS (5%) were on tussocks. This well designed study lends support to the 
contention that cattle will try to avoid stepping on tortoises, at least large tortoises, but 
clearly tortoises are not grass tussocks. However, this speculation can be countered by 
the equally plausible contention that the study's results only shows that cattle will avoid 
stepping on food; lhey have no bearing on the propensity for sheep to step on non-food 
items (e.g.,juvenile tortoises). 

Sheep, on the other hand, may step on many juvenile to11oises, but appear to 
avoid stepping on subadult and adult tortoises. Tracy ( I 996) provides an analysis of data 
from an aborted BLM study. Without providing details of methods, Tracy { 1996) 
reported that 20% of the Styrofoam model juvenile tortoises placed in natural habitat 
were trampled by sheep, 87% of those trampled models were crushed. Sheep damaged 
only about 3% of the subadult models and about 2% of the adult models. 
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CRtJS!IINu BURROWS 

No one has rigorously evaluated whether livestock crush a significant proportion 
of tortoise burrows. Few cases in the literature document livestock trampling actual 
burrows and a small number of studies shows increased number of collapsed burrows 
following grazing. Nicholson and Humphreys ( 1981) measured impacts of sheep grazing 
immediately after a band of I 000 sheep passed through their West Mojave study site for 
12 days. Sheep trampled and partly collapsed a burrow with an adult female inside; 
apparently the tot1oise was unharmed. Sheep completely destroyed the burrow of a 
juvenile tortoise while the animal was inside; the field workers extracted the unhanned 
tortoise. The burrow of an adult male was damaged probably with no tortoise inside. On 
re-examination of burrows found prior to gra7.ing, 4.3% (7/1 64) were totally destroyed 
and IO% were damaged after sheep grazed in the area. Most damaged burrows (86%) 
were in moderate to heavily grazed areas and were relatively exposed. Most burrows 
placed beneath shrubs escaped damage (Nicholson and Humphreys 1981), This was an 
observational study. Webb and Stielstra (1979) reported observing crushed tortoise 
burrows on the south slope of the Rand Mountains in the western Mojave, but gave no 
data or additional details. In a report on grazing near the DTNA, Berry (1978) repo1ted 
that sheep trampled most shallow burrows and pallets that were in the open (no numbers 
were given), and they also crushed and caved in those near the edges of or within shrubs. 
Berry { 1978) also reported that "cattle and sheep frequently trample shallow tortoise 
burrows," but provided no data. She further speculated that damage to burrows might be 
deadly to a tortoise that reaches it on a hot morning only to find it unusable. This is a 
reasonable expeclation based on tortoise behavior and thermal ecology, but no supporting 
data are available. Avery (1997) found significantly more damaged burrows outside of a 
cattle exclosure versus inside and also found that tortoises outside the exclosure spent 
more nights in the open, presumably because many of their burrows were collapsed. 
There is one account of a tortoise burrow being collapsed by a cow in Utah (Esque pers. 
comm.). A tortoise was fo\tnd crushed inside. 

Tracy ( 1996) provided an analysis of data from 2 unpublished BLM studies on the 
effects of sheep grazing on tortoise burrows: the Tortoise and Burrow Study (TABS 
study) and Styrofoam model tortoise study (Goodlett uopubl,). The TABS study (cited in 
Tracy 1996) evaluated the condition of tortoise burrows before and after grazing inside 
and outside of areas grazed by domestic sheep in the M<.>jave Desert. They found that 
2.5% (8/315) of the tortoise burrows were completely destroyed, which was significantly 
more than before grazing and more than were destroyed outside the grazing area. In the 
Goodlett study (unpubl.; cited in Tracy 1996), 3.7% (36/969) of the artificial burrows dug 
to look like desert tortoise burrows were destroyed after grazing. Significantly more 
juvenile and immature burrows were destroyed compared to adult burrows and 
destruction was greatest in the open spaces between shrubs. The proportion of burrows 
destroyed in these two studies and Nicholson and Humphreys (1981) were not 
significantly ditferent (Tracy 1996}. 



Indirect Effei:ts 
A commonly held asse1tion is that the Mojave desert plant species and 

communities evolved in the presence of, and are probably adapted to, a rich fauna of 
Pleistocene herbivores (Edwards 1992a, 1992b ). Therefore, the argument continues, 
livestock grazi1)g is compatible with present day plant assemblages, in part because 
Mojave plants respond to grazing by producing more vegetative material, thus becoming 
more vigorous in the presence of grazing. This argument has several flaws. First, most 
large herbivores that coexisted in the Mojave desert region I 0,000-20,000 years ago 
likely primarily browsed leaves from woody shrubs. they did Jess grazing of grasses and 
herbaceous annual vegetation, like cattle, sheep, and tortoises primarily do (Edwards 
1992a). Second, the mammals of the Late Pleistocene and Early Holocene Mojave 
existed under considerably different vegetative and climatic conditions ago (Van 
Devender et al. 1987). A major climatic and vegetative transition occurred between 
I 1,000 and 8,000 years ago. lt was more mesic and the area was not a desert. The present 
vegetation assembly, dominated by creosote shrub, did not arrive in the Mojave Desert 
region until appl'oximately 8000-10,000 years ago (Van Devcnder ct al. 1987). Third, no 
one has any idea what density the Pleistocene grazers existed at, so grazing intensity is 
completely unknown. Thus, there is little justification for arguing that tortoises evolved 
in the presence of gra,:ers and their survival is thus dependent on cattle, as a surrogate for 
their coevolved grazing species. 

SOIL COMPACTION 

Grazing can affect soils by increasing soil compaction and decreasing infiltration 
rate, the capacity of the soil to absorb wate.-. A lower infiltration rate means less water 
will be available for plants and more surface erosion may occur. In a review of studies 
investigating the hydro logic effect of grazing on rangelands, Gifford and Hawkins ( 1978) 
concluded that grazing at any intensity reduces the infiltration rate of the soil. Heavy 
grazing reduced infiltration rate by 50% and light to moderate intensities reduced 
infiltration by 25% over ungrazed; the differences are statistically significant. Contrarily, 
Avery ( 1998) found significantly greater compaction at a livestock water source, but no 
difference between protected and grazed areas away from the water source. 

Soil compaction affecls vegetation by reducing water absorption (thel'eby 
availability to plants) and making it more difficult for plants to spread their roots, 
particularly tap roots (Adams ct al. 1982a, b). Growth and perhaps spread of split grass 
(Schismus barbatus and S. arnbicus) is facilitated by compaction because of l'OOt 
structure. This may lead to a conversion in the vegetation community type and increased 
fire hazard. Although, fire spreads slowly and discontinuously with split grass compared 
to Bromus grasses (Brooks 1999b). 

Empirical evidence shows that infiltration is higher in grazed areas. , Rauzi and 
Smith (1973} conducted a comparative experiment in the central plains of Colorado. 
They demonstrated that infiltration rate was significantly reduced by heavy grazing (vs. 
moderate and light grazing). Infiltration rate was significantly correlated with total plant 
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material on the surface (standing crop) in two of the three soil types tested. Spe<:ies 
composition was different. Experimental water run-off tests showed moderate grazing 
areas had 7 times the runoff of light grazing areas and heavily grazed area~ had IO times 
the runoff as lightly grazed areas. In the Mojave Desert of Nevada and Arizona, signs of 
increased soil compaction were evident in grazed areas compared to ungrazed areas 
between highway and highway right-ot~way fences (Durfee l 988). Avery ( 1998) 
measured soil type, bulk density, and infiltration in an exclosurc that cattle were excluded 
from for approximately 12 years and compared them to grazed areas outside the 
exclosure. He demonstrated that soil in heavily trampled areas near water tanks was 
coarser, had higher bulk density, greater penetration resistance, and lower infiltration 
rates (all are measures of compaction) than in the protected area. 

Although they did not measure compaction or infiltration, Nicholson and 
Humphreys ( I 981) quantified the proportion of soil disturbed after a band of IOOO sheep 
spent 12 days foraging and bedding within a 1.6 km2 study plot. They estimated that 
80% of the soil in bedding areas was disturbed, 67% in watering areas, 37% in grazing 
areas, and 5% in areas not used by sheep. Soil was considered disturbed if the surface 
crust was broken or missing and was independent of cause. This non-replicated 
observational study had a control, did not document what effect the measured disturbance 
had on vegetation or soil parameters, but did suggest the extent of surface disturbance 
caused by the grazing. 

In a comparison of soil conditions following sheep grazing in the Western 
Mojave, Webb and Stielstra {! 979) noted disruption of soil crusts in intershrub spaces 
and on the coppice mounds of creosote bushes. Surface strength (a measure of 
compaction) was significantly greater in graz.ed vs. ungrazed areas, particularly in the 
upper I 0-em of the soil. Bulk density and moisture content did not differ, perhaps 
because of the high gravel content of the soil or compaction in both areas from gi-azing 
activity in previous years. 

CIIAlKiES IN SOIi. TEMPT:RATURE 

Another potential indirect effect of livestock grazing on tortoise habitat is 
alteration of soil temperature due to change in vegetation structure or soil compaction. 
Steiger (1930 cited in Luke et al. 1991) measured a significant increase in soil 
temperature al depths of2.5, 7.5, and 15 cm in clipped versus unclipped plots. Browsing 
of shrubs may also alter soil temperature, but in unexpected ways. Using models that 
accurately duplicated the thermal profiles of desert tortoises, Hillard and Tracy (1997), a 
graduate student from University of Nevada, Reno, found that soils were cooler beneath 
shrubs with sparse and open undercanopies and hotter when the undercanopy was entirely 
closet!. Apparently, the open unden;anopy allowed cooling by both shade and wind, 
whereas closed undercanopies trapped hot air. Hence, if livestock browse, graze or 
otherwise reduce density of the undergrowth of a shrub while leaving the canopy with 
intact shading properties, then soil temperatures may be reduced. Alternatively, if 
grazing also reduces the shrub's canopy, then soil temperatures may increase. II is 
unknown what effect grazing-induced changes in soil temperature might have on 



tortoises. The temperature during incubation (Spotila et al. 1994) dctel711ines sex of 
tortoises: incubation temperatures above 89.3°F result in females, and below result in 
males. Although this has not been tested in the field, it is possible that significant 
increases in soil temperature resulting from grazing-induced vegetation changes may 
significantly skew the sex ratio of the tortoise population in favor of females and vice 
versa. Also, Spotila et al. {1994) found that hatching success was highest for eggs 
incubated between 78.8°F and 95.S"F. 

CHANGES IN VEGETATION 

Grazing by cattle can alter vegetation in several ways: damage from trampling, 
change in species composition perhaps resulting in type conversion (change in plant 
community type), and introduction of invasive plants. 

TRAMPLINv OF VEGETATION AND SEEDS 

Livestock may cause direct damage to vegetation when they step on or push into 
shrubs and herbaceous annuals, and this impact was measured in a few studies. In the 
west Mojave Desert, none of 1he perennials on plant transects where sheep grazed were 
trampled, whereas 17% found in lhe bedding area were trampled (Nicholson and 
Humphreys 1981 ). Webb and Stielstra ( 1979) reported 1ha1 sheep trample creosote bush 
when seeking shade to bed in. Annuals, which are prevalent on coppice mounds beneath 
creosote, were also trampled or eaten. As noted above, Balph and Malechick (1985) 
provided empirical evidence that cattle usually avoided stepping on clumps of crested 
whcatgrass, hut still stepped on them 5% of the time. 

Trampling by livestock may help to bt1ry seeds and improve germination through 
their trampling action. In sagebrush scrub of northern Nevada, Eckert et al. ( 1986) found 
that light trampling increased gennination of perennial grasses, but not perennial forbs, 
and heavy trampling decreased emergence of perennial grasses while increasing 
emergence of sagebrush and perennial forbs. Cattle grazing in Chihuahua Desert 
grassland enhanced revegetation by non-native grasses, but rain may have confounded 
the results (Winkel and Roundy 1991). Unfortunately, no similar studies from the Mojave 
Desert are available. However, biomass of seeds in the soil seed bank was significantly 
higher inside compared to immediately outside the DTNA, a 38 mi2 fence enclosed 
preserve, where sheep grazing and ORVs had been excluded for 15 years (Brooks 1995); 
this in spite of there being more seed-eating rodents inside the DTNA. The biomass of 
annual vegetation, including the introduced species, was also greater inside che DTNA, 
but the total biomass of natives was proportionally higher inside than outside. Several 
other uses occun-ing outside the DTNA were absent from inside the preserve, thus the 
differences cannot be attributed solely to grazing. However, the changes no1ed are the 
ex peeled effect of removal of surface disturbance from the reserve. 

Near the DTNA, sheep trampled and uprooted perennial shrubs, such as 
burrobush (Ambrosia dumosu}, goldenhead (Acamptopappus sphaerocephalu.f), and 
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Anderson thombush (Lycium andersoni}. "Even large creosote bushes (l,arrea 
rridemata) were uprooted" (Berry 1978, p 512). "In many areas neat' stock tanks [in 
Lanfair Valley, California} the ground is devoid of vegelation for hundreds of meters. 
Trailing is heavy and damage extensive within 4.6 to 6.4 km of the tanks" (Berry 1978, p. 
512). These reports are anecdotal; no data or additional details were provided. 

PLANT COMMlll-llTY CIJANGES 

As early as 1898, range scientists observed that cattle ranges in the southwest 
were becoming overgrazed and urged that restorative actions were necessary (Bentley 
1898). Since then, several studies have documented vegetation changes over the past 
century by comparing photographs 01· field notes taken in both centuries (Humphrey 
1958, Humphrey 1987). The dominant change was a conversion from grass- lo shrub
dominated communities (type conversion). Whereas livestock grazing has been 
implicated as an important cause fol' these changes, separation ()f the effect of grazing 
from the cffe<:ts of fire suppression, rodents and other herbivores, competition, and 
climate changes is difficult (Humphrey 1958, 1987). Several studies compared grazed 
areas to nearby ungrazed areas patticularly in southeast Arizona. They generally show a 
similar reduction in grass species in the grazed areas. Unfortunately, none of these 
studies occurred in the Mojave Desert and, because the grass-dominated ecosystem of 
southeast Arizona is very different from the non-grass deserts of California, there is little 
value in extrapolating from one to the other. 

In 1980, the BLM created a 672-hectare cattle exclosure in lvanpah Valley, 
eastern Mojave Desert of California, to determine lhc effects of cattle grazing on desert 
tortoises and their habitat. In the study establishing baseline data for a long-tenn 
comparison. Turner et al. ( 19& I) found no significant differences between plots in 
biomass of annuals, weight or length of tortoises, proportion of reproductively active 
females, and tortoise home range sizes. Sex ratios and size classes of tortoises were 
comparable between the two plots. The lack of differences could be attributed to: (1) low 
use by cattle of the non-excluded area in both years of the study; 2) to11oise and 
vegetation recovery, if they are to happen, are likely to take much longer to be 
observable; and (3} sample size (n=I) too small to detect differences. Changes in tortoise 
weight with time, estimated clutch sizes, and concentrations of some nutrients in some 
plant species differed between plots, indicating that some differences existed between 
control and treatment at the start of the study. Over so short a time frame, differences are 
likely due to prior spatial differences in habitat or populations rather than grazing 
treatment. There was a similar level of differences between control and treatment plots 
one year later (Medica et al. 1982). 

Avery (1998) conducted a follow up study at the lvanpah study plot in the early 
1990's. Avery (1998) compared vegetation inside and outside the exclosure. Compared 
to the ungrazed exclosure, the grazed area had significantly larger creosote bushes, more 
dormant or dead burrobush, Ambrosia dumosa (a perennial shrub), fewer and smaller, 
galleta grass, Pleurapllis f =Hilaria] rigida (a native, perennial grass) representing less 
biomass, more of the disturbance-loving shrub, llymenoclea salsola, and lower diversity 
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of winter annuals. They found significantly more desert dandelions (Malacothrix 
glabrulU), a plant preferred by both cattle and tortoises, and a greater increase in basal 
area but not density of the native perennial galleta grass, P. rigida, in the protected area. 
P. rigida did increase in basal area over a 12 year period in the grazed area, indicating 
that level of grazing (0.31 - 2.60 animal unit months) does not cause mortality in P. 
rigida. Biomass, cover, density, and species richness of annuals did not differ. Recovery 
of Mojave Desert vegetation following alteration by cattle grazing could be very slow 
(Oldemeyer 1994 ), so 12 years of exclusion may be insufficient to detect a more 
significant effect. 

A recent study compared soil characteristics, vegetation, and tortoise density 
within and around three exclo.~ures in the Mojave Desert, including 2 in the west Mojave 
(Larsen et al. 1997). They reported finding few differences between "grazed" and 
"ungrazed" plots in percent canopy cover, and the differences found were relatively 
minor. Grazing reduced native forb density and increased soil compaction. Numbers of 
live tortoises, tortoise carcasses, and tortoise burrows were no difterent between grazed 
and ungrazed areas. Details provided were insufficient lo adequately evaluate the 
methods or results and virtually no statistical analyses were provided. 

Durfee { 1988) compared structural features of the plant community between 
ungrazcd areas along fenced highways and grazed areas outside of the right-of-way 
fences. A greater proportion of introduced plants, more bare ground, fewer perennial 
grasses, and lower spatial heterogeneity in species composition occurred in 1he grazed 
areas (sec also Waller and Micucci 1997). 

As cited above, Brooks ( I 995) found significantly higher annual plant and seed 
biomass in the DTNA, an area protected from sheep grazing, compared to an ttrea outside 
the preserve. Berry ( 1978) characterized the qualitative effect of sheep grazing near the 
DTNA: ·'sheep removed almost all traces of annual forbs and grasses; the desert floor 
appeared more devoid of herbaceous growth than in drought years." No further data 
were provided in the latter report 

In all of these studies, spatial differences obtained in soil, weather, and vegetatkm 
may be independent of cattle grazing. Furthennore, the size of ex.closures may be 
insufficient to allow the ecosystem to function independent of grazing activities outside 
the ex.closure (which is probably not a big problem at the DTNA, studied by Brooks 
1992). Fu11hcrmorc, many of the above studies, particularly the older and observational 
ones, were reporting on the effects of long-term heavy grazing, whereas grazing regimes 
being implemented today are generally much lighter (Oldemeycr 1994 ). 

Water for cattle is usually provided at specific points, at either springs or troughs. 
Because they will only wander a certain distance from the water source, affect of cattle 
on the environment will be g.-eatest immediately around the water source and will 
decrease with distance (e.g. Avery 199&). Fusco (1993), Fusco et al. (1995), Bleecker 
(1988), and Soltero el al. (1989) recorded significant increases in biomass and density of 
grasses and other species with distance from water sources. Changing the location of 
water sources would have the effect of reducing the intensity of impact around each water 
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source, but may increase the impacts al other sites. It is unknown if impacts would be 
below the (unknown) threshold for significant effect on the environment. 

The impact of sheep grazing has been studied only once. In an observational 
study, Nicholson and Humphreys (1981) noted that areas not grazed by sheep had 2.3 
times more cover and 1.6 times higher frequency of annual plants than in sheep be<iding 
areas and 1.8 times more cover and I .3 times higher frequency than grazed areas. Annual 
plant cover decreased by 70% in a heavy-use area compared to 50% in a light-use and 
40% in a non-use area before grazing versus after grazing one month later. They also 
found a 96-99% !'eduction in annual plant cover between April and June in areas 
receiving heavy and light grazing by sheep. None of the perennials on plant transects 
where sheep did not graze showed damage after sheep left the area; 18% in the grazed 
area were damaged and 91 to 99% in the bedding areas were damaged. Apparently, 
trampling caused most of the damage in the bedding areas whereas most in the light-use 
area was from browsing. However, di fterences may be caused by other factors such as 
soil that may have differed between the sites independent of grazing pressure. Rather 
than using exclosures, the sheep and herder were allowed to select the areas they grazed. 
Hence, the sheep avoided ungrazed treatments for this study. This may have biased the 
results since there may be inherent differences in these areas that caused the sheep to 
avoid them. 

An often cited benetit of grazing is "compensatory growth," growth of plant 
tissue following clipping, removal, or damage to plants resulting in increased growth or 
vigor (e.g., Bostick 1990, McNaughton 1985, Savory 1989). The concept is 
controversial, has gained little empirical support in semi-arid grasslands and ranges 
(Detling 1988, Ba11olome 1989, Weltz et al. 1989, Wilms ec al. 1990), may only be viable 
in wet, fertile, monocultural environments (Painter and Belsky 1993), and has not been 
tested in the Mojave Desert (e.g., Painter and Belsky 1993). What little evidence exists 
from the Mojave Desert fails to support the compensatory growth hypothesis. Avery 
(I 998} found that Plcuraphis [ - Hilaria} rigida, a native grass consumed by both cattle 
and desert tortoises, was significantly smaller in grazed versus ungrazed at'eas. Mol'c 
Ambrosia dumosa, which is sometimes eaten by cattle in drought years (Medica pers. 
comm.), was found dead 01· dormant in the grazed compared to ungrazed plots. Creosote 
(I .. tridentata) was larger in grazed areas, but is consumed by neither cattle nor to1toises 
(Avery 1998). 

(NV ASIVE PLANTS 

Grazing has been implicated in the proliferation of invasive plants in the Mojave 
Dese1t (Mack 1981, Jackson 1985, Brooks 1995}. Webb and Stielstra ( 1979) nuted that 
Schismus and Erodimn densities remained unchanged between a grazed and ungrazed 
area probably because they have an adaptive tolerance to environmental disruption such 
as soil compaction thus giving them a competitive edge over many native annuals. Berry 
(1978) reported that the heavily grazed Lanfair Valley "now containg a high percentage 
of weedy, invader, perennial species typical of overgra1.ed desert lands," but provided no 
data. Bostick ( 1990) argued that cattle grazing helped tortoise populations by aiding the 



spread of cacti. Some evidence from oucside the Mojave suggests that grazing does aid in 
the spread of cacti, but the evidence is equivocal. Also, tortoises do eat cacti, which may 
be an important source of water and nutrition during drought periods {Turner et al. 1984, 
Avery 1998). But, the evidence in support of Bostick 's hypothesis is weak. 

COMPETITION 

An important effect livestock grazing may have on tortoise populations is 
competition for food. Because of the enormous differences in size and energy 
requirements of the two species, the competition, if it occurs, is likely to be heavily 
asymmetric, with cattle affecting the tortoi~e populations, but probably not the converse. 
Three conditions must be met for asymmetric competition to occur: overlap in use of 
some resource (e.g., food), the resource must somehow limit or constrain one or both 
species in question, and use of the resource by one species must negatively affect the 
other species (Begon et al. 1990). Some data exist to help determine if competition for 
forage exists between cattle and tortoises, but less exist for sheep. 

Many studies provide qualitative insights into forage species of tortoises 
(Woodbury and Hardy 1948, Burge and Bradley 1976. Hansen et al. 1976, Hohman and 
Ohrnart 1980, Luckenback 1982, Nagy and Medica I 986) and three major studies 
quantified diet and forage selection in desert tortoises (Jennings 1993, Esque 1994, and 
Avery 1998). Tortoises primarily eat annual herbs in the spring and switch to grasses, 
perennial succulents (cacti), and dried annuals later in spring and early summer (Avery 
1998). Tortoises are ai::ti ve again in the late spring and early fall as temperatures cool. 
As a result of localized late summer rains, sporadic green up of the vegetation can occur. 
At this time annuals germinate and bunch grasses (e.g., Hi"1ria rigida) green up and set 
seed. Cattle then eat the bunch grnsses (Medica et al. 1992). (n a drought year, tortoises 
in lvanpah Valley consumed little food other than cacti during the latter part of the season 
(Tumer et al. 1984). Thus, cacti may serve as a reserve supply of energy, more 
importantly as a potential source of water. 

Four studies quantified plant foods eaten hy cattle in the Mojave Desert (Coombs 
1979, Burkhardt and Chamberlain 1982, Avery and Neibergs I 997). Avery and Neibergs 
(1997) followed cattle on horseback in the eastern Mojave Desert. By recording the 
species of plant and number ofbitcs taken by the free-ranging cattle they found that foods 
chosen by cattle varied with season. In winter cattle primarily ate the perennial grass, big 
galleta grass (Pleuraphis [=Hilaria] rigida) and dried annuals from the previous spring 
(Medica et al. l 982, documented that cattle and tortoises eat perennial grasses in fall). 
Contrarily, Burkhardt and Chamberlain ( 1982) found perennial sluubs to predominate the 
diet of cattle in winter, annual grasses and green forbs did so in spring. Coombs (l 979) 
found that cattle in the eastern Mojave of Utah particularly ate Bromus sp., 
Ephedranemdensis, and EurtJtia Icmara and ate pe.-ennial grasses considerably more 
often thao expected based on their relatively uncommon presence. All of these studies 
illustrated that cattle in the desert eat diverse foods and that the foods eaten val'}' with 
season, locality, and availability. 
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Several studies provided evidence that tortoise and catlle diets overlap (Coombs 
1979, Sheppard 1981, Medica et al. 1982, Avery and Neibergs 1997, Avery 1998), three 
of which did so quantitatively. Coombs (1979) and Sheppard (198 l) tised fecal samples, 
which are biased because they overestimate food items that contain large undigestible 
parts (e.g., silica-containing stems of grasses) and underestimate items that are highly 
digestible (e.g., moist forbs). Sheppard {1981) showed that plaintain (Plantago 
insularis), filaree, and Schismus experienced the highest levels of overlap , but overlap 
varied considerably between months and years. Coombs ( 1979) found that overlap 
existed, but neither study provided a species-by-species comparison or an explanation of 
how overlap was calculated. Camassonia boothii, Malacothrix glabrata, Rqfine.rquia 
neomexicana, Schismus barbat11s, and Stephannmeria exig11a were major forage items of 
both cattle and lortoises in Ivanpah Valley (Avery and Neibergs 1997, Avery l998). Diet 
overlap between the two herbivores was greatest in early spring (38% Vs 16% in late 
spring, A very and Neibergs 1997, A very 1998). 

Three studies provide data on forage overlap between sheep and tortoises. Webb 
and Stielstra (1979) reported that in the weslem Mojave Desert, sheep primarily ate 
herbaceous vegetation from the coppice mounds around the base of perennial shrubs. By 
compari11g biomass of plants in a grazed al'ea versus a nearby ungra:;,;ed area, they 
determined that three species were primarily removed: Phacelia tanacetifolia, 
Thelypodium lasiophyllum, and Erodium cicurarium.. Shrubs browsed by the sheep 
included Ambrosia dumosa, Grayia spinosa, Haplopappus cooperi, and Acamptopappus 
sphaerocephalus. Cover, volume, and biomass of these shrubs were significantly lower 
in grazed vs. ungrazed areas. However, because measurements were not taken before 
grazing it is possible that some differences may have existed before gra;,;ing commenced. 
Hansen et al. (1976) estimated that 15% of sheep diet in the westem Mojave was 
composed of grasses and 52% of desel't tortoise diets was composed of grasses. 
Nicholson and Humphreys ( 1981) reported several species of plants, particularly 
flowering annuals and burrobush (Ambrosia dumosa), that were highly used by sheep, but 
provided no quantitative data. Several species eaten by sheep were also eaten by 
tortoises including: split grass (Schism us arabicus ), checker fiddleneck (Amsinckia 
tessellata), desert dandelion (Malacothrix glabrala), filaree (Erodium cicurariwn}, 
Fremont pincushion (Chaenactis fremontii), Parry rock pink {Stephanomeria parryi), 
chickory ((Rafinesquia neomexicana}, snake's head (Malacorhrix coulte.ri), red brome 
(Brom11s rubens). 

Only two studies directly tested for competition between to11oiscs and livestock. 
In an extensive study, Avery ( I 998) showed that cattle and tortoise diets overlap (38% in 
early spring, 16% in late spring). He also demonstrated that tortoise foraging was altered 
in the area where both species co-occurred. In late spring in the absent:e of cattle, 
tortoises primarily ate herbaceous perennials (91 % of diet), whereas in the grazed areas, 
tortoises primarily ate annual grasses (59%) followed by herbaceous perennials (21 %}. 
The species of herbs also differed: in the exclosure tortoises preferred desert dandelion 
(Malacothrix glabrata), whereas in the grazed areas they ate primarily the exotic grass, 
splitgt·ass (Scliismus barbatuJ). The availability of desert dandelion was significantly 
higher in the ungrazed area, which indicates a response to grazing, and of splitgrass was 
equivalent in the two areas. In one dry year, tortoises spent significantly more time 
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(approximately three times more) foraging in the grazed than in the protected areas, 
presumably in search of nutritionally-adequate food to fill up on. Thus, two of the three 
conditions necessary to confinn that cattle compete with tortoises for food were clearly 
suppo1ted empirically. The final condition, that one species must negatively impact the 
other, was also demonstrated, but more indirectly. In a separate, independent study, 
tortoises eating primarily Schismus barbatus have been shown to be put in a negative 
water and nitrogen balance (Nagy et al. 1998), which could increase mortality 
particularly during periods of extended drought (Peterson 1994a, Avery 1998). 
Furthermore, Henen (1997) demonstrated that lower nitrogen intake reduces reproductive 
output in female tortoises. A long-term comparison of differential survival and 
reproductive success of tortoises within and outside an exclosurc would be an excellent 
empirical test of the effect cattle grazing has on tortoise populations. 

Tracy (1996) found that in years of very low annual productivity, tortoises lay 
fewer eggs. They also found that cattle foraging reduced to1toise forage abundance 
enough to cause tortoises to lay fewer eggs than normal. The conclusion is that, in low 
rain years, cattle may remove enough forage to reduce tortoise reproductive output, thus 
competition occurs in those years. The authors did not track hatchling success to 
detennine if the fewer eggs still resulted in the same number of successful hatchlings. 

COW DUNG AS A FOOD SOURCE 

Bostick (1990) argued that declines in tortoise populations is caused by a 
reduction in the availability of cow dung which has declined with the reduction ii\ 

numbers of cattle grazing in the southwest. He argued that cow dung is an important 
source of food for tortoises. However, Avery (1998) studied tortoise foraging behavior 
where tortoises coexisted with cattle. He observed over 30,000 bites of items and 
observed only 231 bites of cow dung. Esque (1994) also observed over 30,000 bites on 
food objects. He reported that I 07 of them were of feces, but none were from livestock. 
Furthermore, Allen (1999) evaluated the nutritional quality of cow dung and found it to 
be deficient for tortoises. In fact, even when cow pies were their only choice of food for 
one month, most tortoises (71%) refused to eat. Those that did eat, assimilated virtually 
none of the nitrogen. Thus, whereas Bostick (1990) presented an intriguing alternative 
hypothesis for tortoise population declines, there is no empirical support for its basic 
assumptions. 

Summao 

Surprisingly little information is available on the effects of grazing on the Mojave 
Desert ecosystem (Oldemeyer 1994, Rundel and Gibson 1996, Lovich and Bainbridge 
1999). Differences in rainfall patterns, nutrient cycling, and foraging behavior of 
herbivores and how these three factors interact make applications of research from other 
areas of limited value in understanding the range ecology of the Mojave Desert. The 
paucity of information is surprising given the controversy surrounding grazing in the 
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Mojave and the importance of scientific information for making resource management 
decisions affecting grazing. Studies mostly from other arid and semi-arid regions tells us 
that grazing can alter community structure, compact soil, disturb cryptogamic soils, 
increase fugitive dust and erosion. Some impacts to tortoises or their habitat have been 
demonstrated, but the evidence is not overwhelming. 

Military Operations 

The California deserts were used for military exercises as far back as 1859 when 
Fort Mojave was first built (Krzysik 1998). The most extensive use was for World War 
II training when 18400 mii (4 7105 l<m 2

) in California and Arizona were designated as the 
Desert Training Center and used extensively for training with tank and armored vehicles. 
Today, four major, active military installations occur within the West Mojave and 
comprise a total of 4165 mi~ (10663 km2): Naval Air Weapons Station ("China Lake;" 
173 I mi 2, 4432 km\ National Training Center ("Fort Irwin;" IO I 6 mi 2, 2600 km\ Air 
1-orce Flight Training Center ("Edwards Air Force Base;" 476 mi1, 1218 km2), and 
Marine Corp Air Ground Combat Center ("MCAGCC" or "Twentynine Palms;" 943 mi2, 
2413 km2

). 

As outlined in the Recovery Plan (USFWS 1994), impacts to tortoise populations 
come from four basic types of military activities: 

"( l) construction, operation, and maintenance of bases and support 
facilities (air strips, roads, etc.); (2) development of local s~1pport communities, 
including urban, industrial, and commercial facilities; (3) field maneuvers; 
including tank traffic, air to ground bombing, static testing of explosives, littering 
with unexploded ordinance, shell casings, and ration cans; and (4) distribution of 
chemicals." (USFWS 1994, p. D14) 

A fifth potential impact is above ground nuclear weapons testing. which took 
place in Nevada in the 1950s and 1960s. 

Constructi9n. Operation, and Maintenance of Bases and Support Facilities 

All four major military bases in the west Mojave Desert each have facilitated the 
growth or development of large internal support communities. The development of these 
communities destroyed tortoise habitat and likely brought with them all of the other 
impacts generally associated with large human settlements (fragmentation, ORVs, release 
of disease, facilitatiori of raven population growth, domestic predators, etc.), each of 
which are discussed elsewhere in this report. There is some evidence that the tortoise 
population around China Lake declined within four decades following development of 
the base at China Lake (Bcny and Nicholson 1984a}. However likely this conclusion 
probably is, the data used were based solely on anecdotal observations (Bury and Corn 
1995); and the data only show a correlation, not a cause and effect. Removal 
(translocation) of tortoises from construction sites, runways, and other heavy use areas to 
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other parts of the deserl occurs and may affect the tortoises moved (Berry and Nicholson 
1984a; see "Handling and Deliberate Manipulation" section, above). Another impact is 
the fragmentation of the habitat by the apparent haphazard placement of facilities 
throughout major portions of habitat (pers. obs.). 

DeyeJopment of Local Sunport Communities 
The four major military bases in the west Mojave Desert have facilitated the 

growth or developmell\ of large external support communities: Ridgecrest, Barstow, 
Lancaster, Palmdale, and Twentynine Palms, which each have problems for tortoises 
typical of large suburban areas in the desert (see "Urbanization and Development" 
section, below). 

Field Manenyers 
Tank maneuvers cause some of the most drastic and long-lasting impacts to the 

Mojave Desert habitats. Extensive tank training operations were conducted in the 1940's 
and in 1964 over 17,500 mi2 of desert (Lathrop 1983, Prose and Metzger 1985, Krzysik 
1998) and even more intensive maneuvers are currently taking place within an 8 I 9 mi2 

area on Fort Irwin (Krzysik 1998) and on MCAGCC (Baxter and Stewart 1990). Direct 
mortality to tortoises is relatively rare or 1101 often repo11ed, but does occur (Stewart and 
Baxter 1987, Quillman pers. comm.). Tanks damage vegetation, compact soil, cause 
fugitive dust, and run over tortoise burrows and tortoises. The results are largely denuded 
habitat, and altered vegetation composition, abundance, and distribution (Wilshire and 
Nakata 1976, Lathrop 1983, Baxter and Stewart 1990, Prose et al. 1987, Krzysik 1998). 
Natural recovery can take a long lime; 55 year old tank tracks can still be seen throughout 
many parts of the desert (Wilshire and Nakata 1976, Krzysik 1998). Krzysik (1998) 
reported a significant reduction in tortoise densities (62-81% over six years) in active 
training areas of Fort Irwin and no change or increases in densities in areas with light and 
no activity. The effect of tank maneuvers was highest in valley bottoms and 
progressively less in high bajadas, talus slopes, and rugged mountain ranges where 
training activities were considerably lower. 

Bombing and other explosive ordinance cause impacts in some areas, but no 
documentation was found of their effect on tortoise populations or habitat 

Distribution of Chemicals 

It has been suggested that diseases affecting to11oisc shells may be caused by 
residual chemical remains left over from military operations, but the evidence is highly 
speculative (See "Disease" section, above). 
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~deac Weapons Testi12 
Between 1951 and early 1963, the U.S. Atomic Energy Commission detonated 100 
atomic devices above ground at the Nevada Test Site, Nevada (U. S. Department of 
Energy 1994 ). From mid I 960s to early I 990s only underground tests were conducted. 
Resource Concepts Inc. ( 1996) argued that radiation released into the atmosphere during 
these tests might explain tortoise declines. They cited two anecdotal accounts, one of 
many sheep getting sick near Cedar City, Utah, and another of high Geiger counter levels 
around the mouth of a cow in the same area. They suggested that nuclear fallout might 
explain the presence of disease in tortoise populations. Beatley ( 1967) found only very 
low levels of radiation at a plant study plot 8 km east of a below-ground test blast and 
attributed vegetative defoliation to dust from heavy vehicular traffic on a nearby di11 
road. 

The University of California, Laboratory of Nuclear Medicine and Radiation 
Biology conducted experimental radioecology research studies in Rock Valley located 
along the southern bounda1y of the Nevada Test Site. These irradiation studies involved 
the chronic exposure of plants and animals from a centrally localed 137 cesium source 
located atop of a 50-ft tower within a 21-ac fenced plot. Rtmdel and Gibson ( I 996) 
provided a brief summary of the results ,1f the Rock Valley irradiation experiment. 
Beyond direct mortality from the test blasts, there was very liltle persistent effect of 
radiation on the surrounding lizard populations. Little long-term effect on the pocket 
mouse, Perognathus formosus, was found (Turner 1975). On the other hand, female 
lizards at Rock Valley were found to be sterile several years after the experiment began 
(Turner 1975, Turner a11d Medica 1977). There were five adult tortoises present 
throughout most of the study and four still remained in 2001 (Medica pers. comm.). 

I could find no data that bear directly on the potential effects of nuclear weapons 
testing on tortoise populations. The map in Gallagher (1993) suggests that fallout was 
nearly nonexistent in the west Mojave (which is consistent with predominant wind 
patterns), where URTD is rampant (Berry 1997). Therefore, if there is an effect from 
testing, it probably cannot be a universal explanation for rangewide declines nor can it 
explain the markedly high losses and levels of disease documented in the west Mojave. 

Noise and Vibration 

The following is la1·gcly paraphrased from my contribution to the Desert Tortoise 
Recovery Plan (USFWS 1994). Anthropogenic noise and vibrations may impact to1toises 
in several ways including: disruption of communication, and damage to the audito1y 
system. A body of peer reviewed scientific literature exists demonstrating how 
background noise may mask imp-0rtant vocal signals in insects and amphibians (e.g., 
Bushcrickets, Conocephalus brevipennis, Bailey and Morris, l 986; Green Tree:frogs, 
Hy/a cinerea, Ehret and Gerhardt, 1980). Hierarchical social interactions, hearing, and 
vocal communication have all been identified in desert tortoises (Adrian et al. 1938, 
Campbell and Evans 1967. Patterson l97I, 1976, and Braustrom 1974, Bowles et al. 
1999). Patterson ( I 976) identified eleven different classes of vocal signals used by desert 
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tortoises in various of social interactions, but he did not demonstrate that animals who 
hear the signals react or change their behavior in any way, a necessary component in 
identifying communication. The signals are relatively low amplitude, have fundamental 
frequencies 200 Hz or lowe .. , and harmonics that reach as high as 4500 Hz (Patterson, 
1976). 

The portions in the following excerpt from USFWS (1994) pertaining to desert 
tortoises is purely speculative with no direct empirical supporl for desert tortoises: 

" Many anthropogenic noises, such as automobile, jct, and train noises, 
cover a wide frequency bandwidth. When such sounds propagate through the 
environment, the high frequencies rapidly attenuate, but the low frequencies 
may travel great distances (Lyon, 1973 ). The dominant frequencies that 
remain after propagation correspond closely to the frequency bandwidth 
characteristic of desert tortoise vocalizations. Therefore, masking of these 
signals may significantly alter an animal's ability to effectively communicate 
or respond in appropriate ways. The same holds true for incidental sounds 
made by approaching predators; masking of these sounds may reduce a 
tortoise's ability to avoid capture by the predator. The degree to which 
masking by noise affects tortoise survival and reproduction depends on the 
physical characteristics (i.e., frequency, amplitude, and short- and long-term 
timing) of the noise and the animal signal, propagation characteristics of the 
sounds in the particular environment, auditory acuities of the tortoises, and 
impo11ancc of the signal i11 mediating social or predator interactions. There 
are no studies to tes! the masking effect of noise on tortoise behavior, but the 
effect is likely to be relatively low given that vocal communication is 
probably not extremely important in mediating social interactions and that 
noises loud enough to mask sounds important to tortoises are generally 
uncommon and short in duration. The only place the noise would be 
continuous enough may be alongside heavily traveled roods, where tortoise 
abundance is generally quite low. 

"Loud noises (and associated vibr-ations) may damage the hearing 
apparatus of tortoises. Little research has been performed on tortoise ears, but 
it is clear that tortoises are able to hear, and the relatively complex vocal 
repertoires demonstrated by tonoises suggests that their hearing acuity is 
similarly complex. Brattstrom and Bondello ( 19&3) experimentally 
demonstrated that off-highway vehicle noise can reduce the hearing thresholds 
of Mojave Fringe-toed Lizards ( Uma .~coparia). Relatively short, single 
bursts (500 sec) of loud sounds (95 dBA at 5 meters) caused hearing damage 
to seven test lizards (Brattstrom and Rondello, 1983). Comparable results 
were obtained when desert iguanas (Dipsosaurus dorsalis) were exposed to 
one to ten hours of motorcycle noise (Bondello, 1976). It is likely that 
repeated or continuous exposure to damaging noises will cause a greater 
reduction in auditory response of these lizards. It is not unreasonable lo 
expect loud noises to similarly impact the auditory perfol'mance of desert 
tortoises." 
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A study conducted by Bowles et al. ( 1999) showed very little behavioral or 
physiological effect on tortoises of loud noises that simulated jet over flights and sonic 
booms. They also demonstrated that tm1oise hearing is fairly sensitive (mean - 34 dB 
SPL) and was most sensitive to sounds between 125 and 750 Hz, well within the range of 
the fundamental frequency of most of their vocalizations. The authors concluded that 
tortoises probably could tolerate occasional exposure to sonic boom level sounds { I 40 dB 
SPL}, but some may suffer permanent hearing loss from repeated long-term exposure to 
loud sounds such a.~ from OR Vs and co11struction blasts. 

ORV Activities 

Like most other threats, off road vehicle (ORV) activities may affect tortoise 
populations in multiple ways: direct mortality by crushing tortoises on the surface or in 
burrows, or indirect mortality through habitat alteration from soil compaction, vegetation 
destruction (direct or indire<:t via dust}, or toxins from exhaust. However, different types 
of ORV activities will likely have different effects on tortoise populations. There are 
basically four categories of activity that may have very different impacts: free play 
where vehicles are n,-it restricted to designated routes and cross travel or off-road and off
trail activity probably occurs regularly; non-competitive recreational uses outside of free 
play areas are limited to designated roads and trails with any driving off of those routes 
being illegal; competitive events are organized races that are restricted to designated open 
areas; and unauthorized cross-country travel for recreational or commercial { e.g., mining 
exploration) purposes. Hence in this report, ORV refers to motorized vehicle travel off of 
paved and graded dirt roads whether they are on ungraded dirt roads, trails, or cross 
coumry driving. ORVs can include di11 bikes, sport utilily vehicles, all-terrain vehicles, 
sand rails, and any other type of motorize<l vehicle that travels such roads. 

Reduce Tortoise Density 
A number of reports document ORVs may directly kill tortoises (see below), 

however the data are insuftkient to evaluate the extent of its overall impact on tortoise 
populations. We must rely more on other measures such as differences in tortoise 
densities between areas used by OR Vs and those free from such activity. For example, 
Bury and Luckenback ( 1986) compared tortoise densities inside and outside of an ORV 
free-play area. They found 3.8 times more tortoises in a control area lacking ORV 
activity compared to a nearby open area and che animals were significantly heavier 
(p<0.01) in the control area. They also found 2.8 times the number of burrows, more of 
which were active, in the control area. Most of the burrows in the ORV area were in the 
section most lightly used by vehicles. The denser vegetation in the control area made 
searching much slower, hence 3.6 times more effort was spent searching the control area. 
The differences ii\ number of tortoises are not likely to be a consequence of differences in 
search time because identical and consistent methods were used to sample each area 
(Bury and Luckenbach 1977). As this study was unreplicated (only one control, and one 
treatment area were surveyed), it is conceivable that the differences detected are due to 



causes other than ORV activity (e.g., soil or habitat differences or natural patchiness of 
tortoise populations). 

Berry et al. ( 1986) compared tortoise populations inside of the DTNA and 
immediately outside where heavy ORV activity occurs. Using methods that are of 
questionable validity (Corn 1994a), they noted that significant declines occurred over a 
six-year period among juveniles and immatures in both areas, but that the declines were 
significantly greater in the adjacent area with more ORV activity. 

Berry et al. ( 1994; for published abstract see Berry et al. I 996}, compared 
evidence of human activity and tortoise sign (i. e., number of tracks, scat, and burrows, 
which is positively correlated to tortoise density; Turner ct al. 1985) along 100 transects 
conducted in 1977-79 and 150 in 1990. They found that vehicle trails in 1990 were 
positively associated with areas classified as having low to medium densities of tortoises, 
but that numbers of vehicle trails and tracks were not directly correlated to actual number 
of tortoise sign. In one area, ORV activity had been slopped by BLM one year prior to 
the study, so vehicle tracks had been obliterated or were aged and did not accurately 
reflect the level of ORV activity the tortoise population had experienced over the pasl 
several years. Furthermore, the study lacked an adequate control site, but it is difficult to 
have good controls in a broad field study like this. 

An indirect piece of evidence that OR Vs reduce tortoise population density comes 
from Nicholson ( 1978). She reports on the findings of sets of transects w;1lked at varying 
distances from the edges of several paved roads and highways in the M~jave desert. The 
study was designed to measure the effects of paved roads, not dirt roads or ORV travel on 
tortoise populations, thus is of little relevance to evaluating ORV impacts. She found that 
counts of tortoise sign increased with distance from paved roads. However, along 
Shadow Mountain Road, she found a reduction in tortoise sign 880 meters from the road 
edge, in an area with "excessive ORV use." She provided no statistical analysis of this 
observation, nor did she comment on the presence or absence of ORV activity along any 
of the 39 other transects she walked. 

Direct Effects 

CRUSHING TORTOISES AND BURROWS 

Sevet'al accounts occur in the non-scientific literature of tortoises being crushed 
by ORVs, but most of these are an~dotal or unique incidents. In a popular account of 
ORV impacts to the desert environment, Luckenbach ( I 975) states: "I have personally 
found homed lizards, whiptails, zebra-tails, sand lizards, and tortoises crushed by 
ORVs;" no documentation or quantification was provided. Similar anecdotal statements 
were made in Berry and Nicholson (1984a) and Bury and Marlow (1973). 

Berry and Nicholson ( 1984a) observed dead tortoises that were crushed in 
burrows that were apparently collapsed by OR Vs, but no data or details were provided. 
Bury and Marlow's ( 1973) popular article about general impacts of OR Vs on tortoises 
also makes the claim that burrows are crushed by ORVs, but provide no data. Fifteen 
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burrows found in 1976 and 1977 in an ORV-use area were collapsed in 1985, their 
collapse being "related to ORV activity from trails through the area" (Bury and 
Luckenback 1986), although they gave no further indication of how they determined the 
cause of collapse. Woodman ( 1986) and Burge ( 1986) found no crushed burrows 
following the Parker 400 and Frontier 500 races, respectively. 

Four studies quantified vehicle-related mortality on study sites with frequent ORV 
traffic. In her preliminary analysis of 1357 tortoise carcasses found on 14 permanent 
study plots for studying tortoise populations, Betry ( 1990 as amended) attributed 
approximately 57 ( 4%) to vehicles (some of the data were presented in Berry et al. 1986 ). 
It must be noted that 787 (58%) of !he shells were not evaluated or were unclassifiable 
either because they bot'e no diagnostic characteristics or were too fragmented to analyze. 
Campbell ( 1985) found 2 vehicle-killed tortoises, one apparently killed by a 4-wheel 
vehicle on a dirt road inside the preserve and another killed outside the preserve by a 
sh.eep watering truck. In their comparative study of ORV impacts, Bury and Luckenback 
(1986) indicated that one immature tortoise was found crushed in a motorcycle trail. In a 
review of tortoise population dynamics, Marlow ( 1974) states that "nine recently crushed 
tortoises were observed in an area supposedly closed to OR Vs. From tracks surrounding 
most of the carcasses there was little question as to the cause of their deaths." 

It is the correspondence between tortoise and ORV enthusiasts' habitat preference 
that is likely responsible for some of the conflicts between the two. Jennings (1997) 
showed that tortoises spent significantly more time in washes, washlets, and on small 
hills. This is because theil' prefo!'rcd food plants occurred in these habitats and they tend 
to burrow and travel more in washes and washlets than in other habitats. Jennings ( 1997} 
claims these habitats are also preferred disproportionately by ORV rccreationists, but 
presented no supporting data. 

Indirect Effects 

CoMrA<.:l'ION OF SOIL 

Soil becomes compacted, at least temporarily, when a motorized vehicle passes 
over it, and that compaction changes with the weight of the vehicle, soil type, and 
moisture content of the soil (Webb 1983). But, the affect this compaction has on tortoise 
populations depends on the lasting effect of compaction, its effect on vegetation and 
burrow digging abilities, how widespread the compaction is, and the respective effects on 
tortoise survival and re1uoduction. 

Davidson and Fox (1974) investigated the effect a motorcycle dual sport race had 
on Mojave vegetation and soil. The soil, which was of similar type at both sites, was 
significantly denser and less porous at a pit area and alongside a trail than at a control site 
several hundred meters away. Significantly fewer plant species, fewer individuals, and 
less cover were found in impacted areas compared to the control site. However, the study 
was unreplicated. An increase in bulk density of the soil was measured in an evaluation 
of the impacts of the 1974 Barstow to Vegas Race (BLM I 975). However, many of the 
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measurements were taken one week after a rain, so, because compaction is intensified on 
wet and moist soil (Webb 1983), the results may be unreliable. 

Babcock and Sons (1973) found 10% or more increase in bulk density in 
disturbed versus undisturbed sites in alluvial wash, alluvial fan, and desert flat areas, but 
only a 3% increase in compaction in disturbed sand. Similarly, Wilshire and Nakata 
(1976) found sand dunes to be more resistant to compaction than playas or alluvial fans. 
Compaction was relatively light in heavily used dry washes and heavy in well used 
alluvial fans. Dry playas, which dry out fast after rains, resist compaction more than do 
wet playas (Wilshi1·c and Nakata 1976), which are moist on or near the surface. 
Compaction on wet playas was measurable down to 15 cm or more. 

In their manipulative experiment on the effect of vehicle type, number of passes, 
soil type. and soil moisture, Adams et al ( 1982a, b) measured soil compaction with a 
penctrometer. They found that compaction by s SUV was greater than that of a 
motorcycle. The SUV compacted wet soil significantly after only one pass on wet soil 
and after five passes on dry soil. The motorcycle compacted wet soil after 20 passes. 
Single passes by motorcycles on wet soil and SUVs on dry soils did not differ significant 
from the controls. The great variability in environmental conditions makes it difficult to 
make unambiguous generalizations. 

Greater temperature extremes occurred in more compacted soils in heavy ORV 
use areas, probably from removal of vegetation and changes in soil characteristics from 
compaction (Willis and Raney 1971, Webb ct al. 1978). This possible effect on soil 
temperature not only affects plant gennination and growth, but may have interesting, if 
unexplored, implications for tortoise growth, development, and morphology. A further 
likely, but untested potential impact of soil compaction may be to make it difficult for 
tortoises to burrow, which would not only affect tortoises directly but would also reduce 
to11oises' role in reduci11g compaction through soil turnover (Prose ct al. 1987). 

Infiltration rate is a measure of the soil's ability to absorb moisture, More 
compacted soils have a lower infiltration rates so less water is available for plants (Wehb 
1983). Babcock and Sons ( 1973) found much lower infiltration rates on disturbed versus 
undisturbed desert sites, except in very sandy areas {dunes and washes). Webb ( 1983) 
measured 73% lower infiltration rate compared to a control site atler 200 vehicle passes 
over wet sandy loam. The g1·eatest decrease occur1·cd after the first few passes. 
Infiltration rates of sands and clays are least affected by compaction, whereas loamy 
sands and gravelly soils are with a mixture of particle sizes are most affected. 

DESTRUCTION OF CRYPTOGAMIC SOILS 

Cryptogamic soils are important for reducing soil erosion, controlling water 
infiltration, regulating soil temperatures, fixing ( catching and converting} atmospheric 
nitrogen, and accumulating organic matter (Cline and Rickard l 973, Pauli 1964, Rogers 
et al. 1966). Cryptogamil.: soils are collections of mostly symbiotic bacteria, algae, fungi, 
and lichen that live on or slightly below the soil surface and create a semi-permeable soil 



surface. They often occur in the open spaces between desert shrubs and help to facilitate 
seedling establishment and plant growth (St. Clair et al. 1984, DeFalco 1995). 

OR Vs, livestock, and other surface disturbances easily damage cryptogamic soils 
(Belnap 1996). Damage from compaction, even minor, can grea1ly reduce nitrogen 
fixation by the crust, an effect that sometimes increases rather than decreases with time 
since compaction (Belnap 1996). II is not certain how tortoises are affected by damage to 
cryptogamic soils and a 1980 review of the effects of ORVs on desert soils was 
inconclusive (Rowlands I 980). Defalco (1995) found that, in the one season studied, 
tortoises selectively avoided foraging on plants growing on crusts. Although crusts fix 
nitrogen and the nitrogen can then be transferred to plants growing in close proximity to 
the crusts (Maryland and McIntosh 1966), concentration of nilrogen in tortoise forage 
plants were generally lower on cryptogamic soils {Defalco 1995). However, many other 
nutrients arc important to tortoises, and it is unknown if their concentrations are 
augmentated by cryptogams in associated tortoise forage plants. In non-tortoise hahitat 
in southwest Utah, Belnap and Harper ( 1995) showed that nitrogen, phosphorus, 
potassium, calcium, magnesium, and iron concentrations were higher in some plant 
species growing on encrusted soils compared to those growing where there were no 
crusts. The primary importance of cryptogamic soils to tortoise populations could be in 
stabilizing the soils against wind and water erosion (Belnap and Gardner 1993, DeFalco 
1995), but more research is clearly needed. 

CIIANGES IN VEGETATION 

Several studies measured the effect ORVs have on vegetation; most of them 
evaluated damage from competitive events. Burge (19&6) described how many perennial 
shntbs were damaged along the edge of the Frontier 500 competitive race. She counted 
1170 uprooted or crushed shrubs (no species identified) after the race. Davidson and Fox 
(1974) measured plant divei-sity, number of individuals, and amount of cover in a pit area 
(where vehicles were parked), alongside a dual sport .-ace trail, and "several hundred 
yards away" (i.e., control area). They found significantly lower values for all !hree 
parameters in the pit area, moderate values alongside the trail, and the highest values at 
the control site. Woodman ( 1986) recorded the destn1ction of several creosote and 
burrobushes around the periphery of the pi I area for the I 981 Parker 400 race. A BLM 
report detailing damage to vegetation caused by the 1974 Barstow to Vegas Motorcycle 
Race (BLM 1975) showed that 0 to 76% of the plants, particularly seedlings and small 
shrubs, were damaged in each of 26 sites. 

Berry et al. ( 1990) measured habitat changes over a six-year period inside and 
outside of the DTNA where ORV non-race ac1ivity occurred. They found a 23% increase 
in habitat loss around a staging/pit area and that ORV trails increased in width by I 30% 
and 157% in area. 

Vegetation is clearly degraded by heavy ORV activity. Bury and Luckenback 
{l 986) compared vegetation inside (treatment) and outside ( control) an ORV use area 
south of Barstow. There were 1.7 times 1he number of live perennials on control, and 2.4 
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times number of dead ones (mostly Ambrosia dumosa ) on the treatment area. Plant 
cover was 3.9% higher in the treatment area. This study suffers from a lack of 
replication. Comparing aerial photographs taken at the same points 19 to 2S years apart 
in six different locations in the Mojave and Colorado Deserts, Lathrop ( 1983) measured 
an average of 49% reduction in shrub density in ORV areas. Ground-based transects in 
control and treatment (disturbed) sites yielded 48-97% reductions in perennial plant cover 
in the ORV lL'ie areas. Thirty-four to 46% reductions in density resulted from single race 
events at two separate locatio1ls (Lathrop 1983). Luckenbach (1975) reports, that "in one 
Hounds-and-Hare race, an estimated 140,000 creosote bushes (Larrea tridentata ), 64,000 
burro-weed (Franseria dumosa), and 15,000 Mojave yuccas {Yucca schidigera) were 
destroyed or severely damaged over a stretch of I 00 miles." No additional details were 
provided. 

Rowlands et al. ( 1980) and Adams et al. ( 1982b) conducted one of the only 
manipulative experiments on ORV effects on Mojave desert vegetation. They studied the 
effect that different numbers of passes over the same area by a motorcycle and a 4-wheel 
drive sports utility vehicle (SUV) had on plant growth. They also looked at the 
interactive effects of soil moisture and soil type. Plant density, biomass, and cover 
generally were reduced following any level of disturbance with motol'cydes requiring a 
greater number of passes to equal the reduction caused by the SUV. Grama grass 
(Bouteloua barbata), appeared to respond positively to light disturbance, but less so to 
heavy disturhance. The introduced weed, split grass (Sd1ismu3 barbatus), was 
significantly mure abundant within tracks than in contrnl areas, probably be<:ause the 
fibrous nature of their roots allowed them to become better eslablished than more tap• 
rooted natives in compacted soil. 

Vollmer et al. (1976) found annual plant density to be significantly lower within 
experimentally created t.-acks from two 4-wheel drive vehicles compared to the hump 
between the tracks and in an area randomly covered by the same vehicles. No difference 
in density occurred between the randomly driven area compared to the control site. 
Shrubs in the regularly driven area (42 passes by vehicles) suffered twice as much 
damage as those in the randomly driven area. This study lacked replication and proper 
controls, but data collection and analysis were well executed. 

Kuhn (1974, cited in Lathrop 1983) reported a reduction in plant density of24% 
and plant cover of 85% in ORV-disturbed plots compared to undisturbed controls in 
foredunes at Kelso Dunes. Similarly, comparing aerial photographs taken 21 years apart, 
Lathrop (I 983) measured a 50% reduction in shrub density in the same foredunes. 

EROSION AND Loss 01:' SOIL 

ORV activity can increa~e erosion, which removes soil nu,rients and soil that is 
penetrable to roots (Adams and Endo 1980a, Wilshire 1980). ORVs modify various 
features that help to stabilize the soil against erosion including surface crusts, coarse 
particles, desert pavements, and vegetation {Hinckley I 983). They also alter the 
configuration of the ground surface thus affecting water runoff patterns (Hinckley 1983 ). 



The nel loss of soil at specific ORV-use areas has been documented. Wilshire 
and Nakata ( 1976) estimated 150 metric tons of dirt were lost to erosion from one 68-
meter long western Mojave hillside trail with a 44-58% slope. Total estimated loss for 
the portion of hill used for an unspecified number of years was I 1,000 metric tons. 
Snyder et al. (}976) estimated that 150-230 mm of soil was lost per year along transects 
in an ORV use area over lwo lo five years al Dove Canyon. That amount is compared to 
estimates of natural erosion rates of 1.0 to 4.6 mm per year in arid areas (reported in 
Hinckley et al. 1983). No control or low-impact reference sites were established in this 
study. Webb et al. ( 1978) reported a loss of 0.3 to 3.0 metric tons per m2 from an ORV 
trail in arid land at a heavily used ORV park in central California. They further reported 
that erosion was greatest on sand loam and gravelly sandy loam and least on clay and 
clay loam. 

ln artificial rain trials, Iverson (1979) found greater sediment yield (soil runoff) in 
vehicle-disturbed versus undisturbed slopes from loosening of soil and alteration of flow 
patterns. The difference was thought to be from increased water flow velocity and more 
channeling of the tlow, not from reduced filtration. Consequently the effect would be 
more pronounced during intense thunderstorms than during more mild winter frontal-type 
slonns. Also using artificial rain, Eckert et al. ( 1977) looked at infiltration and 
sedimentation rates at two Mojave desert sites in Nevada following single and multiple 
passe5 or truck and motorcycle. Single passes made no measurable difference. Multiple 
passes increased rates of infiltration and sedimentation, particularly in interplant spaces 
versus beneath plants. However, the artificial rainfall rates were similar to rare very 
heavy thunderstorms; they were unlike the winter cyclonic rainfall that is more typical of 
the western Mojave desert. Furthermore, Reicosky ( 1979) suggested that movement of 
water towards vehicle tracks compensates for decreased infillration rates. Hinckley et al. 
(1983) suggested that water erosion would be the least in areas that are relatively flat, 
experience short, low-intensity storms, and have a coarse (gravelly) surface. 

Fugitive dust, dust blown from lhe ground by wind and vehicle activity, can 
potentially be a problem for desert tortoises. Fugitive dust is related to vehicle speed, 
surface texture, surface moisture, and probably vehicle type (with heavy four-wheel drive 
vehicles causing the mo:.t dust followed by light four-wheel drive vehicles followed by 
motorcycles; Adams and Endo 1980b). The threshold velocity for wind erosion (TV), the 
lowest wind speed necessary to create dust, is highest for desert pavement and areas with 
hard surface crusts. Soils with a large propo11io1\ of fine particles will be more 
susceptible to wind erosion. Disturbances that lower the TV will increase the incidence 
of dust stonns. Disturbance of sand dunes and sandy washes does not alter their TV. 
Areas protected by cryptogamic soils and desert pavement had greatest reduction in TV 
following disturbance, and more so with siltier versus sandy soils (Adams and Endo 
1980b, Gillette and Adams l983). Winds of 20-30 mph at 6 ft above ground caused 
fugitive dust in these areas. Erodibility also varies with width of disturbed area up to 
about five meters (Wilshire pe~ comm., cited in Adams and Endo 1980a) 

Satellite images laken on January 1, 1973, captured dust stonns from Santa Ana 
wind conditions (Bowden et al. 1974, Wilshire 1980). Many of the dust plumes, which 
were 10 to 30-km long and covered 300 km\ originated in areas of intensive ORV 
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activity in the western Mojave. BLM ( 1975) measured three to five times more 
suspended particulate density for fugitive du!;t during 1he 1974 Barstow to Vegas race site 
compared 10 before the race. 

The main effect of wind erosion on productivity is removal and redistribution of 
surface nutrients, not reduction in soil depth. Loss of soil nutrients found in the top S to 
10 cm of soil significantly reduced perennial cover in a similar arid environment in 
Australia (Charley and Cowling 1968). Sharifi et al. (1997, 1999) showed that 
photosynthesis and plant productivity are hampered by dust on the leaves of desert 
shrubs, but that the effect may be ameliorated by heavy summer rainfall. 

LJGHTORV USE 

Most of the foregoing discussion relates specifically to competitive events and 
heavy use like what now occurs within open use or freeplay areas. They are of limited 
applicability to understanding the etlect of lighter travel in areas where traffic is legally 
restricted to designated routes (i.e., dirl roads}. Indeed, very little data are available to 
evaluate these impacts primarily because the focus of most research has been on the 
effects of heavier ORV use. There are a few studies that demonstrated that occasional 
vehicles riding off of roads (including for parking or camping within 100 ft of roads, 
which is currently permitted, Bureau of land Management 1980), can damage the soil and 
vegetation, the amount of damage being less than heavier off road travel. Webb ( 1983) 
found that the greatest increase in compaction occurred the first few time a motorcycle 
crossed an area and compaction increased with more crossings, but at a lower rate. 
Similarly, Adams and Endo (1980a) discovered that just a few passes by an SUV were 
sufficient to significantly increa<;e compaction and a single pass did so in some wet soils. 
Vollmer et al. ( 1976) found that there was damage to plants in an area subjected to 
random four-wheel drive activity, but that d,unage was higher in areas that were 
repeatedly driven over. Bury and Luckenbach ( 1977) reported little difference in 1he 
number of creosote shrubs in moderate use versus undisturbed plots, but did find that half 
were broken or damaged in the modernte use area. Likewise, a "sparsely'' used ORV 
area within the Jawbone Canyon Open Area showed 35% less perennial plant cover than 
an unused control area (Lathrop 1978). Finally, just stepping on cryptogamic crusts can 
damage and decrease nitrogen fixing activities of the crusts (Belnap 1996). 

All of these studies indicate that some damage is likely to occur when vehicles 
stray off of established roads. Goodlett and Goodlett (1993} demonstrated that ORV 
enthusiasts will not always obey signs indicating routes are closed, nor do they always 
stay on designated routes. However, their study was conducted in an area that had 
recently changed from an open free play area to a limited use one. Although it is likely 
that number of tracks will be highest in close proximity to roads (e.g., LaRue, pers obs.), 
no studies have tested for this pattern. Many of the problems associated with light ORV 
use likely relate to increased human access the roads and trails afford (see "Human 
Access to Tortoise Habitat" section, below). 



Summan:: 
Although each study comparing tortoise densities inside and outside of ORV 

areas has limitations, they all lend evidence to reductions in tortoise population densities 
in heavy ORV use areas. The causes for these declines are less certain. Tortoises and 
their burrows arc crushed by OR Vs, although it is difficult to evaluate the full impact this 
activity currently has on tortoise populations, partly because there are probably relatively 
few tortoises in most open use areas. ORV s damage and destroy vegetation. Density, 
cover, and biomass are all reduced inside versus outside of ORV use areas, particularly 
following multiple passes by vehicles. Split grass {Schismus hal'hatus), a weedy 
introduced grass, in particular appears to benefit from ORV activity. Very light, basically 
non-repeated, vehicle use probably has relatively little long-term impact. Soil becomes 
compacted by vehicles. The compaction increases with moistut'e content of the soil, 
weight of vehicle (particularly high weight to tire surface area ratio}, and soil type. 
Cohesionless sand, such as in sane.I dunes and washes, are largely immune to compaction 
while moist soils are much more susceptible than dry ones. Compaction, lower 
infiltration rates, loss of plants and cryptogamic soils all contribute to increased wind and 
water erosion and fugitive dust, particularly when such at'eas are several meters in width. 
More research is needed to understand the effect light ORV use has on tortoise 
populations and habitat. 

Predation/Raven Predation/Subsidized Predators 

Desert tortoises have several natural predators including: coyotes, kit foxes, feral 
dogs, bobcats, skunks, badgers, common ravens, and golden eagles. The dominant 
predator probably varies temporally, spatially, and with size of the tortoise (Berry 1990 
as amended). Few studies have attempted to quantify or estimate the relative proportion 
of mortality attributable to the various predators at specific sites, and none attempt to 
characterize it regionally. 

One of the earliest publications reporting that ravens are potentially important 
predators on desert tortoises was Campbell (1983). He found 140 shells of juvenile 
tortoises (36 to 103 mm MCL) at the base of fence posts along the 30.5 miles of fencing 
surrounding the DTNA. He attributed 136 to raven predation, but gave no indication 
why. Berry (1985) evaluated 403 juvenile tortoise shells found on 27 desert tortoise 
study plots throughout the Mojave Desert. She determined that ravens killed 35%. Her 
evaluation was based on circumstantial evidence because the reference collection was 
shells found beneath perch sites that may have been used by other predators or 
scavenge1·s. Although the patterns of shell damage she used are consistent with the 
patterns Boarman and Hamilton (in prep.) obtained from 266 shells collected from 
beneath raven nests. Also, ravens arc scavengers as well as predators, so some of the 
shells attributable to raven predation may actually have been found and eaten after death 
(Boarman 1993). 

During the first 5 to 7 years of life, the to1toise shell is incompletely ossified; it is 
sofi and easy to puncture and rip open. When pecked open by a raven, the soft shell will 
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bend then dry in place leaving parts of the shell pushed in or pulled out. Carcasses found 
in this condition were likely pried open when the tortoise was alive or shortly after death. 
The shell soon dries afier death. Once this happens the shell will fracture when pecked 
open, giving a different appearance. Although based on sound knowledge of the biology 
of tortoises, this scenario has not been subjected to quantification or controlled 
experimentation. 

Woodman and Juarez ( 1988) reported finding 250 shells, probably killed over a 
four year period, dead beneath one raven nest near the Kramer Hills. Some of the 
carcasses found were of young animals found alive and individually marked by the same 
researchers several weeks earlier and apparently in healthy condition. This provided the 
first hard evidence that ravens almost certainly were killing some tortoises, not just 
scavenging them. Since that time, several observations have been made of ravens 
carrying away live juvenile tortoises (Boarman 1993). One researcher repo.-ted finding a 
tortoi~e eviscerated, but still alive, beneath a raven nest (R. Knight pers. comm.). These 
reports all remain anecdotal, but, because observing the act of predation by a predatory 
bird is notoriously difficult, it is unlikely we will ever be able to acquire an adequate 
number of good hard data on the phenomenon. One published account evaluated food of 
ravens in the Mojave desert by looking at pellets, indigestible portions of food that were 
coughed up at their nests (Camp et al 1993). They found to1toise remains in only 1.3% of 
the pellets. However, they did not i-cport the 19 shells they found at several of those nests 
because they only reported on pellet contents (Camp pers. comm., Boarman pers. obs.); 
shell fragments usually are not found in pellets. They also did not establish whether all 
nests studied were in tortoise habitat. 

The fact that ravens do kill some tortoises does nOI alone indicate that the losses 
are serious enough to warrant management action. We must understand the extent of 
predation and if il is having an impact on tortoise populations. Evaluating raven 
predation is peq:>lexing because of the difficulties in finding small carcasses over ~uch a 
large area of desert and in monitoring small, hard to find young tortoises (Berry and 
Turner 1986, Shields 1994}. The extent of predation cao be estimated by evaluating 
juvenile tortoise carcasses found throughout the desert. Berry ( 1985) and Boarman and 
Hamilton (in prep) analyzed the characteristics of 150 and 266, respectively, juvenile 
tortoise shells found in the deserts of California. Their reports indicate that primarily 
animals less than 100 mm MCL {less than approximately 5-7 years old) are taken 
throughout most portions of the desert in California. Beneath 23 transmission towers in 
Nevada, McCullough Ecological Systems (1995} found the remains of 78 juvenile 
tortoises, many showing signs consistent with raven predation. 

A common argument made against raven predation being of management concern 
is that we must concentrate on protecting adult female tortoises (Doak et al. 1994). This 
is partly b~ause adult females are the ones actually reproducing, thus contributing most 
to the persistence of the population and partly because juvenile animals typically 
experience high mortality, so losses to ravens are natural and the population can sustain 
the losses. This is a correct prediction from life history theory for many animal species, 
but not fol' long-lived ones that first reproduce later in life (approaching 20 years), like 
the desert tortoise (Congdon et al. 1993, 2002). Life history theory predicts that stable 
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populations of such animals can sustain annual mortality of juveniles of 25%. However, 
when adult populations are declining, juvenile mo1tali1y must be reduced to 
approximately 5% to ensure recruitment of new individuals into the breeding population 
(Congdon et al. 1993). This finding is based on well developed life history theory. 
Therefore, in tortoise populations that are experiencing overall declines, additional losses 
of juveniles to ravens may decrease the stability or at least prevent recovery. 

A survey of tortoise remains tound beneath raven nests was recently completed 
(Boarman and Hamilton in prep.). [t showed that ravens prey on tortoises throughout the 
Mojave Desert in California, but probably not all ravens nesting in tot1oisc habitat ate 
tortoises. The most shells found at one nest in one year between I 991 and I 997 was 28, 
which were found beneath each of two nests in the eastern Mojave Desert. The results 
are preliminary and conservative because they pertain only to remains dropped beneath or 
near the raven nests. Many shells are found at locations well away from nests. During 
the raven breeding season, however, most foraging is probably done near the nesl 
{Sherman 1993) and most food is likely broughl back to or near the nest, so the results are 
probably relatively accurate if conservative. 

There are little data available to determine the effect other predators might have 
on desert tortoise populations. For example, finding shells chewed by mammals, 
probably can ids, and tortoise remains in coyote scat, Berry ( 1990 as amended) reported 
evidence of canid or fetid predation al four out of twelve study plots in California. 
Proportion of deaths attributable to mammalian predators over all 12 plots was 53.% 
(ranged = 1.8% to 45.3% among the 4 plots where mammal-related mortality 
detennined). Turner et al. (1997b) determined that most tortoise nests that failed were 
dug up by coyotes or kit foxes, but no data were presented. In 1998 and 1999, 47% and 
12%, respectively, of nests studied at Twentynine Palms (MCAGCC) were dug up, 
probably by kit foxes (Bjurlin and Bissonette 200 I}. Bjurlin and Bissonette (200 I) also 
believed that feral dogs cause a significant amount of mortality among adult tortoises in 
the area, but presented evidence for only one such death. They did repo11 a high 
incidence of canid-like shell damage to Jive toltoises and the presence of feral dogs and 
dog packs within their study site. The effect that feral dog predation has on tortoise 
populations appears to be an emerging problem that warrants fut1her documentation. 

Non-ORV Recreation 

Non-ORV recreation in the Mojave Desert includes <:.amping, nature study, rock 
collecting, sight-seeing. hunting, horseback riding, mountain biking, and target practice. 
There are no studies concerning their impacts on tortoise populations: hence, there may 
or may not he impacts. Likely impacts include handling and disturbance of tortoises; loss 
of habitat to campgrounds, picnic areas, scenic pull outs, vandalism, and other support 
facilities: increase in road kills; and support of ravens when organic garbage is left 
behind. There could also be soil compaction and damage of vegetation and cryptogamic 
crusts from off-trail travel by mountain bikes, horses, and hikers. All of these impacts are 
related to the problems with increased access to tortoise habitat (discussed in "Human 
Access 10 Tortoise Habitat" section, below). Given the increased interest in non-
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motorized recreation in the deserts, this is an important area for future research. There 
are no studies that directly measured the impacts of non-motorized recreation on tortoise 
populations or their habitats and only one that showed that hiking off of trails can 
significantly damage cryptogamic crusts (Belnap 1996). 

Hunting and target practicing arc two additional recreational activities that may 
impact tottoises. One of the primary anthropogenic causes for wildfire in the desert is 
from bullets striking rocks (R. Franklin, BLM Fire Management Officer, pers. comm.), 
which can occur while hunting or target practicing. The California Depa11mcnt of Fish 
and Game has constructed an array of small- and big-game guzzlers to help facilitate 
growth of game species populations. Not only can ravens sometimes access water at the 
big game guZ?.lers, but tortoises can get caught and die in some types of small game 
guzzlers. Hoover ( 1996} found the remains of 26 tortoises in 89 of the upland game 
watering devices in California. Finally, people target practicing, which is a very different 
activity than hunting, might also illegally use tortoises as targets (Beny 1986a, see 
''Vandalism;' below). 

Roads, Highways, and Railroads 

Roads, highways, and railroads have several impacts on desert tortoises and their 
habitat. Direct impacts may include mortality through road and train kills and destruction 
of habitat (including burrows). Possible indirect effects include degradation of habitat 
because they serve as corridors of dispersal for invasive plants. predators, development, 
recreation, and other anthropogenic sources of impact. Roads, highways, and railroads 
also serve to fragment the habitat and populations (see "Habitat Degradation, 
Fragmentation, and Destruction," below). 

Many tortoises fall victim to road kills. For instance, Boarman and Sazaki (1996) 
reported finding I I 5 tortoise carcasses along 28.8 km of highway in the west Mojave. 
This represents a conservative estimate of 1 1011oise killed per 3.3 km of road surveyed 
per year. This source of mortality primarily affects subadults and adults, although lhe 
resulls are partially skewed by the difficulty of finding smaller carcasses and their 
quicker loss to scavengers and decay. The figures cannot be extrapolated to all roads and 
highways to estimate total losses to road kills in the desert because mortality rate likely 
depends on traffic speed and volume, density and demography of surrounding tortoise 
population, and perhaps width and age of road. The results also cannot be applied to 
lightly traveled paved or dirt roads bec.ause of a four-way relationship between tortoise 
density, road conditions, traffic volume, and road kill rate. A to11oise depression zone 
exists along highway edges and extends to 0.4 km or further (Nicholson 1978, Berry and 
Turner 1987, Beny et al. l 990, LaRue 1993, Boannan and Sazaki 1996, von Seckendorff 
Hoff and Marlow l 997, cf. Baepler et al. I 994). The cause is probably primarily road 
kills, but illegal collections, noise, and other factors may also contribute although there 
arc no data to evaluate their likely or relative effects. 

A common mitigation for the impacts of roads and highways is a barrier fence, 
which has been shown to be highly effective at reducing mortality in tortoises and other 
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vertebrates in the west Mojave (Boannan and Sazaki 1996). However, fences only 
increase the fragmenting effects of roads. Preliminary results of an eight-year long study 
indicate that -::ulverts are used by tortoises to cross highways (Boannan et al. 1998}, but it 
is unknown whether their use is sufficient to ameliorate the fragmenting effects of fenced 
highways (Boarman and Sazaki l 996). 

Roads are also major attractants for common ravens, which are predators on 
juvenile tonoises (Knight and Kawashima 1993, Boarman 1993). Ravens, being partly 
scavengers, are known for cruising road edges in search of road kills (Boarman and 
Heinrich 1999), but risk of predation is not increased near roads (Kristan and Boam,an 
2001). 

The flush of vegetation that grows alongside roads (Frenkel 1970, Johnson et al. 
1975) as a result of rainwater runoff and collection may benefit tortoises by providi"g a 
more consistent source of food over a more extended period of time, even in relatively 
dry years (Boarman et al. 1997). Alternatively, the abundance of food may bring them 
into harms way if (I) they wander onto the road, (2) vehicles pull onto the vegetated 
shoulder of the road, (3) grading or mowing activities occur during times of tortoise 
activity, ( 4) herbicides are applied to control growth of weeds along the road shoulder, or 
(5} they are seen and caught by passers-by. Brooks ( 1998) found a significant positive 
correlation between number of alien annual plant species near roads and density of dirt 
roads., and the species richness and biomass of alien annuals is higher near roads than 
away from them (Brooks pers. comm.). 

Railroads may also impact tortoise populations through train kills and perhaps by 
tortoise~ getting caught between the rails (Mount 1986). No published studies were 
found that looked for train-killed tortoises along extensive sections of railroad tracks. 
However, Ron Marlow (pers. comm.) found eight carcasses between the rails along 
approximately 100 km of railroad tracks in the eastern Mojave. Noise or vibration may 
also affect tortoises that live alongside railroads, but has not been studied (see "Noise and 
Vibration," above). Railroads provide a positive benefit: tortoises regularly build 
burrows in railroad berms that are not covered with gravel. (t is not known if train noise 
negatively affects the behavior. audition, or reproductive success of these tortoises. 

Utility Corridors 

Corridors fonned by utility and energy rights-of-way cause linear impacts to 
populations and may have levels of impacts well beyond those of many point sources of 
impacts. In a retrospective evaluation of results of 234 Biological Opinions issued by 
USFWS in California and Nevada (LaRue and Dougherty 1999}, 80% (47/59) of the 
to1toises reportedly killed in California and Nevada were killed along utility corridors. 
Most of those were along the Kem-Mojave Pipeline (Olson et al. 1993, Olson 1996). 
Considerable habitat destruction or alteration occurs when pipelines and transmission 
lines are constructed and the impacts are repeated as maintenance operations or new 
pipelines or power lines are placed along existing corridors. Trenches opened for laying 
or maintaining pipes may serve as traps for tortoises and other animals (Olson et al. 
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1993). Dirt roads used for maintenance-related access create dust (Wilshire 1980) and 
provide access to less disturbed habitat (Brum et al. 1983). The habitat conversions 
during early stages of post-construction succe~sion along pipeline corridors (Vasek et al. 
1975) not only may suppress regular use by tortoises, but may function to reduce 
dispersal across the corridor thus effectively fragmenting a previously intact population 
(this view is speculative). 

The presence of transmission towers in areas otherwise devoid of other raven 
nesting substrates (e.g., Joshua trees, palo verdes, cliffs), may introduce heavy predation 
to an area previously immune to such pl'edation (Boatman 1993). Most raven predation 
on tortoises appears to occur during the raven breeding season (April - May, pers. obs.). 
By one estimate, ravens probably do most (75%) of their foraging within 400 m of their 
nest (Sherman 1993) and raven predation pressure is no1ably intense near their nests 
(Kristan and Boannan 2001). Therefore, ravens nesting on transmission towers, where 
no other nesting substrate exists within about 800 m, may significantly reduce juvenile 
tortoise populations within 400 m of the corridor, but this effect is quite localized. 
However, recent unpublished data on the distribution of raven depredated juvenile 
1ortoises suggests that not all ravens nesting within tortoise habitat actually eat tortoises 
(at least they do not bring the shells back to the nest; Boarman and Hamilton in press). 

Data collected along paved highways indicate that road kills can substantially 
reduce tortoise populations within at least 0.4-0.8 km of such roads {see "Roads, 
Highways, and Railroads" section, above), and their impact is likely lower along newer 
and more lightly traveled roads (Nicholson 1978). But. there are no data on the impact of 
lightly traveled dirt roads (e.g., utility maintenance/access roads) on tortoise population 
densities. 

Vandalism 

Vandalism is the "purposeful killing or maiming of tortoises" (Luke et al. 1991, p. 
4-61 ). Reports of tortoises being vandalized include shooting, crushing, running over, 
chopping off heads, and turning them over (Berry and Nicholson 1984a, Berry l 986a, 
Bury and Marlow 73). Most reports of specific incidents are anecdotal, but sometimes 
substantial. The most quantitative accounts are for gunshot deaths (Berry 1986a, 1990 as 
amended), but are mostly based on postmortem forensic analysis. Berry (1986a) found 
91 tortoises carcasses (14.3% of those coHecte<l at I I sites) showing evidence of being 
shot. The proportion of carcasses showing evidence of gunshots was significantly higher 
from west Mojave sites (20.7%) than from east Mojave (1.5%) and Colorado (2%) desert 
sites. Eleven of the 58 ( 19%) tortoise found dead on the Beaver Dam. Slope, Utah, 
showe<l signs of traumatic injury. This category included individuals exhibiting gunshot 
wounds. These ranged from pellet wounds through .22 caliber holes to one individual 
exhibiting a .44 caliber bullet wound. 
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Wif d Horses and B11rro1· 

Wild burro and tortoise ranges overlap in some places, but the overlap is quite 
low in the West Mojave. No published studies were found that investigated the impact 
burros or horses (neither of which are native to North America} have on tortoise 
populations. The primary effect is likely to be habitat alteration through soil compaction 
and vegetation change. Burro populations are probably not extensive enough in most 
areas to pose a major threat to tortoise populations, but this is speculative. 

CUMULATIVE THREATS TO TORTOISE POPULATIONS 

Human Access to Tortoise Habitat 

Perhaps the most important general threat to tortoise populations relates to actual 
human presence in tortoise habitat and thus refers pl'imal'ily to access. Many of the 
individual threats discussed above relate to the level of access to tortoise habitat afforded 
to people. For instance, law enforcement officials have documented illegal collecting of 
tortoises for food or cultural ceremonies on a few occasions (USFWS 1994). One study 
supported the intuitive impression that poaching occurs close to roads (Berry et al. 1996), 
but the methods employed were not very precise (counting burrows that appeared to have 
been dug up with shovels) making the results weak at best. Since roads likely provide 
access to poachers, a logical conclusion of their study is that a larger proportion of the 
tortoise population will be under the risk of being poached where more roads intrude on 
tortoise habitat. 

The presence of a road poses potential hann to tortoises and their habitat and the 
more roads there are the greater is the proportion of the tortoise population that is under 
the threat of illegal off-road activity. Boarman and Sazaki (1996) demonstrated that 
tortoises regularly die from collisions with automobiles and Nicholson (1978) showed 
that the rate of mortality probably increases with traffic volume. So, road kill is probably 
propor1ionally lower on lightly traveled dirt roads, but may still ex:ist. However, because 
tortoise populations are probably less depressed alongside lightly tl'aveled roads 
(Nicholson 1978) and if to11oises are less inhibited from crossing narrower, dirt-covered 
roads (for which there are no data), we may spec.ulate that proportionally more tortoises 
may cross lightly traveled roads. The possibility does exist that ORVs may crush 
tortoises or their burrows on or off of roads (Marlow 1974, Bury and Luckenbach 1986, 
Berry l 990 as amended). 

Mortality on roads is not the only type of vehicle-related impact; ORVs 
sometimes drive off of established routes, including within 100 ft to camp and park 
(Bureau of Land Management 1980). One study has supported the hypothesis that off
road activity is high near dirt roads even in an area that was heavily signed (Goodlett and 
Goodlett 1993). For example, they counted an average of one track every 31 feet along 
transects walked perpendicular to authorized routes. As expected, the density of tracks 
decreased with distance from the road from an average of 2.1 per 20 ft near the road to 
0.5 per 20 feet 250 to 300 feet away. No statistical analyses were made. Goodlett and 
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Goodlett ( I 993) also demonstrated that ORV recreationists ignored BLM signs indicating 
trails and roads were closed to vehicles in the Rand Mountains. An average of 11.5 new 
tracks was counted along 17 trails 6 to 7 days after the trails were raked. An average of 
10.0 tracks was found along 20 unmarked routes (again, no statistical analyses were 
provided), which suggests that the signs were essentially ineffective at preventing people 
from riding on dosed trails. The motorcycle activity occurred over Thanksgiving 
weekend, 1991. 

Furthermore, there is ample evidence that occasional driving off of t'oads 
compacts soil and damages vegetation (Vollmer et al. 1976, Webb l983, Adams et al. 
1982a, b, see also ''ORV" section, above). The greatest increase in compaction can occur 
after a single or very few passes by a vehicle over unimpacted soil (Webb 1983), or at 
least soil strength (a measure of compaction) is significantly il)creased after a very few 
passes by an SUV (Adams et al. 1982a, b). Any driving or even walking over 
cryptogamic crus1s damages the crust (Belnap 1996). As discussed in the "ORV 
Activities" section, above, there arc very little data to indicate how these habitat 
alterations might affect tortoise populations. ). 

Other potentially harmful activities that likely occur in greater numbers near roads 
include: mineral exploration, illegal dumping of garbage and toxic wastes, release of ill 
tortoises, vandalism, anthropogenic fire, handling and harassing of tortoises, and trailing 
of sheep (Berry and Nicholson 1984a). Invasive plants also proliforatc near roads and 
where road densities are higher (Brooks 1995, I 999a). The threat posed to lortoise 
populations by all of these factors likely increases with increased access afforded l>y the 
proliferation of roads, even very lightly traveled ones. Funhennore, some of these 
individual threats may be relatively low, but their cumulative impact may be great. Berry 
( 1990 as amended, l 992), presents data that suggests a correlation between tortoise 
population declines and density of rnads, trails, and u·acks on to1toisc study plots, but lhe 
results have not been treated to statistical analysis. This important association between 
access and to11oise wellbeing needs further study. 

Habitat Loss, Degradation. ,md Fl'agmenlatio11 

One of the most pervasive problems for desert tortoise populations is also among 
the most difficult to evaluate: habitat loss, degradation, and fragmentation from the 
myriad activities that take place in the desert. This is the cumulative result of several of 
the individual threats discussed above. 

Habitat loss is generally quite apparent ( e.g., loss of useable habitat when paved 
for a parking lot or plowed for agriculture). but is sometimes less than obvious (e.g., a 
given area may be rendered unusable by tortoises after soil is heavily compressed and 
vegetation is destroyed after many vehicles drive over the area). Previously useful 
habitat may be rendered unusable, but may appear superficially similar to useable habitat. 

Habitat degradation consists of human-mediated changes in habitat characteristics 
that render an area Jess valuable to, but still potentially usable by, tortoises. The 
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degradation may be manifested in altered soil structure, increased exotic plants, lower 
abundance of pt'cferred forage plants, reduced availability of effective cover sites, or a 
combination of these traits. The degradation may not directly cause increased mortality 
in tonoise populations, but may reduce reproductive output or cause some animals to 
leave the area in search of less degraded habitat. Although these responses have been 
hypothesized, there have been no studies on tortoise habitat choice or preference pattems 
changing as a result of habitat changes. 

Many of the impacts discussed above fit easily into the category of habitat 
degradation that may significantly reduce habitat quality for tortoises. A single vehicle 
driving over a section of ground may have little impact by itself (Adams et al. 1980a, b ), 
but when 1hat is added to a pile of trash nearby, compaction from grazing (Avery 1998), 
and reduced primary productivity of plants because of dust from a nearby dirt road 
(Sharifi ct al. 1997), the cumulative habitat degradation may significantly reduce quantity 
or quality of forage for tortoises. The cumulative effects of factors leading to habitat loss 
and habitat degradation have been imtllicated as causes in the extirpation and drastic 
reductions in to1toise populations from the Antelope, Searles, and Indian Wells valleys, 
and in the vicinity of several other communities in the West Mojave (e.g., Barstow, 
Mojave, and Victorville; Berry and Nicholson I 984a, Feldmeth and Clements 1990, 
Tierra Madre Consultants 1991, USFWS 1994). 

fragmentation is the process by which solid blocks of habitat and populations 
depending on the habitat are broken up into smaller subunits with limited dispersal 
between habitat blocks (Meffe and Carroll 1997). Rivers. mountain ranges, major 
changes in soil or habitat type all represent natural causes of fragmentation. Highways, 
railroad tracks, towns, and other developments, isolated and conglomerated, are examples 
of anthropogenic factors that fragment desert tortoise habitat in the West Mojave Desert. 
Smaller populations are more susceptible to local extinctions as a result of both genetic 
and demographic (population) processes. A smaller population has fewer individuals 
available for interbreeding, which may result in genetic deterioration: inbreeding 
depression and loss of genetic diversity within the population (Frankham 1995). Genetic 
deterioration can result in the inability to adapt to short• or long-term environmental 
changes, which makes the population more vulnerable to extinction. Small populations 
are also susceptible to extinctions from random fluctuations in birth rate. death rate, age 
distributions, and sex ratios (Opdam 1988). Small populations suffer from the Allee 
Effect, the fact that it is harder to find a mate when there are fewer individuals in a 
population (Allee et al. 1949). Finally, smaller populations are more vulnerable to 
catastrophic events (e.g., disease epidemics, earthquakes, and tloods) and random 
environmental fluctuations in such things as food resources. These processes (genetic 
deterioration and demographic consequences of small populations} are theoretical 
possibilities, but have not been documented empirically in desert tortoises populations 
(see USFWS 1994 for a theoretical analysis). 

An additional problem associated with fragmentation is that the negative effects 
of habitat edges are increased considerably (Murcia 1995, Meffe and Carroll 1997). 
Edges, or boundaries, are problems for ecosystems because the microenvironment in the 
edge is different than in the interior: temperature, humidity, light, chemical inputs, etc., 



may all differ in edge regions. The distribution and persistence of many plant and animal 
species are often strongly affected by these microenvironmental conditions, so the 
communities are usually different along edges. Furthermore, edge conditions often 
facilitate the introduction, establishment, and spread of exotic species that may become 
predators or competitors with plants or animals in the interior (Janzen 1986, Wilcove et 
al. 1986). For desert tortoises, the edge eff~t is a theoretical possibility, but it has not 
been well documented in tortoise populations. Furthermore, some edge effects may only 
function over relatively short distances ( e.g., tens of yards) or not at all (Ratti and Reese 
I 988, Murcia 1995). 

There are little data that directly test this hypothesized cumulative effect of 
multiple impacts on tortoise populations. Beny and Nicholson (1984a) do cite anecdotal 
evidence of the loss of previously-existing populations in now heavily-populated areas of 
Antelope, Lucerne, and Yucca valleys. Beny el al. (1994) present correlative data 
showing that declines in tortoise populations in the Rand Mountains and Fremont Valleys 
correlate with increases in a suite of human impacts. The Desert Tortoise Recovery Plan 
(USFWS 1994) provides data that show significant declines occurred in populations 
exhibiting high rates of human-cause<l mortality. 

Urbanization and Development 

Whereas construction activity (treated as an individual threat, above) has impacts 
specific to the activities of building new structures (e.g., temporary compaction of 
vegetation and soil, fugitive dust, disturbance and possible death of tortoises), these 
impacts largely cease once construction has been completed (although for some impacts, 
such as soil compaction, there is a residual effect caused by delayed recovery, Lovich and 
Bainbridge 1999). The result of the construction activity is the presence of new 
structures, which are called here "developments,'' and which have its attendant impacts. 
These impacts include long-term or permanent loss or alteration of habitat, impacts from 
maintenance activities, disruption of tortoise behavior, and road kills (Berry and 
Nicholson 1984a, Luke e1 al. 199 I). 

Developments may be relatively isolated from each other, but "Urbanization•· 
refers to cumulative effects of multiple and nearly contiguous developments including 
construction of permanent residences that cover large areas. Urbanization has several 
impacts associated with the presence of many people in the area, not, all of which are 
well documented. Urbanization results in considerable fragmentation, loss of habitat, and 
habitat alteration to the point of being largely useless to tonoise populations {Berry and 
Nicholson 1984a, Feldmeth and Clements 1990, Tierra Madre Associates 1991, section 
titled "Habitat Loss, Degradation, and fragmentation"). Some recreational activities may 
emanate directly from urban areas. Wild dogs may be more prevalent (e.g., Bjurlin and 
Bissonette 200 I) and collecting, handling and vandalism of tortoises could increase 
where there are more people. Captive tortoises, potentially infected URTD (see 
"Disease" section, above), are more likely to escape a11d help spread disease to the native 
population (Jacobson 1993, Berry pers. comm.). lllegal dumping is prevalent (pers. 
obs.), raven populations are lc1rger (Knight et al. 1993), and exotic plants predominate 
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(Humphrey 1987, Brooks 1998) around urban developments. Urban areas and associated 
flood control channels in the desert are often the source of much fugitive dust (Wilshire 
1980). Many of these impact'> may be relatively minor by themselves, but their 
cumulative effects on nearby tortoise populations may be great 

There is some evidence that tortoise populations can persist in the presence of 
light industrial developments. In the 1980s 460 wind turbines and 51 el~lrical 
transformers were erected in tortoise habitat at Mesa, California. Approximately I 0-20 
years later, there were still to11oises living and reproducing in the same area; some 
burrow beneath and rest upon concrete support pads for the turbines (Lovich and Daniels 
2000). Reproductive output is higher than at any other site studied to date (Lovich et al. 
1999). However, there are no data available to determine if the population has increased, 
decreased, or remained stable since construction. Tortoises may persist in this area 
because of the relatively low level of actual human activity in the wind park and the high 
productivity in the area, which is in the ccotone between creosote scrub and coastal sage 
scrub habitat. 
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INTRODUCTION 

The recent discovery of the San Fernando Valley spineflower (Clwriz,<1nthe parryi var. 
femandina) on the Ahmanson Ranch project site in Ventura County, California prompted 
preliminary investigations into the biology of that taxon. The purpose of these studies is 
to develop a conservation strategy to protect, maintain, manage, and, possibly, 
reintroduce the spineflower into appropriate habitat. While the proposed development 
would remove a portion of the spineflowcr population, the majority of the known 
population is proposed to be conserved onsite. Residential development is planned 
adjacent to the proposed spineflower preserve area. 

An effective conservation strategy should emphasize preserve design and habitat and 
species management. Accepted principles of preserve design include maximizing the 
width of the buffer between development and sensitive resources, minimizing habitat 
loss, fragmentation, and edge effecls, maximizing genetic diversity and connectivity with 
other habitat patches, maintaining adequate habitat to allow for spatial and temporal 
population fluctuations, and maintaining a sustainable population size! among others. 
Habitat and species management may be necessary to mitigate impacts from adjacent 
development and to maintain the functions and values of the population being conserved. 

This paper assesses potential impacts to the conserved spineflower population from 
adjacent development based on a review of the scientific literature on edge effects 
(adverse effects of land uses on adjacent biological resource areas, such as weed 
invasions or changes in hydrology). A thorough literature search on edge effects has not 
been conducted for this paper due to time limitations. The summary presented herein is 
intended to (1) focus on potential impacts to sensitive plant species, and (2) address those 
risk factors associated with edge effects most likely to affect the spincflowcr, based on 
current knowledge of the species• biology. All identified risk factors have the potential to 
negatively impact some aspect of th.e species' biology or habitat; however, information is 
not yet available to det1nitivcly determine which factors pose the most serious threat to 
the species' persistence. This paper analyzes identified risk factors in relation to preserve 
design and proposes management actions and alternative scenarios 10 minimize or 1·educe 
the potential impacts of these risk factors. 

SPINEFLOWER BIOLOGY 

The biology of a species holds implications for preserve design and habitat management. 
Additional research is needed to assess the long-term viability of the spineflower 
population on Ahmanson Ranch and to identify specific management measures to ensure 
its persistence. This section summarizes our current knowledge of spincflower biology 
and limitations to our knowledge. 

1 Note that a sustainable popula1ioo is not measured by species presence alone, but by Che ejfecrive size of 
a population in contributing to future generations relative to an ideal population. The effective 
population size may be smaller than the census population number. Estimates of effective population 
size may be determined through demographic monitoring or genetic studies (Barrett and Kohn 1991). 
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San Fernando Valley spineflower is a small annual plant in the buckwheat family 
(Polygonaceae). This low-growing species is characterized by prostrate to ascending 
stems, small white flowers, and straight involucral awns (Hickman 1993). Historical 
habitat for th.e San Fernando Valley spineflower was apparently deep, Low nutrient soils 
of sand benches, or soils with similar characteristics {hat occurred as mosaics within 
coastal sage scrub and, possibly, valley grassland (GLA 1999). Although soils on the 
property are generally well drained, acidic, and low in nitrogen and organics (GLA 1999), 
preliminary studies indicate that the spineflower population on Ahmanson Ranch occurs 
in open areas on compacted or recently disturbed soils that support few other plant 
species. It is unclear whether this association indicates th.at the spineflower prefers 
compacted soils, or if it is restricted to compacted soils by competition from other plant 
species that avoid the compacted soils. Also, it is not clear whether the density of 
spineflower plants differs between compacted and non-compacted soils. Jf spincflowcr 
densities are lower than normal on compacted soils, this may have long-term genetic 
consequences if spineflower populations are restricted to compacted areas in the future, 
either by preserve design or lack of effective management to reduce competition from 
other species. It has been suggested that lowe.-ed plant density has the same effect on 
reproductive success as small population size (Lamont et al. 1993; van Treuren el al. 
1993; Groom 1998} for some insect-pollinated plants. Theoretical models that have 
included population density or size as input factors indicate that extinction rates increase 
dramatically as density declines, and extinction becomes almost inevitable below certain 
density thresholds (Dennis 1989 in Groom 1998; Kunin and Iwasa 1996 in Groom 199S). 
Groom (1998) documented that small patch.es of an annual herb suffered rcproduclivc 
failure due to lack of effective pollination when critical thresholds of isolation were 
exceeded. In contrast, large patches attracted pollinators regardless of the level of 
isolation. 

San Fernando Valley spinctlowcr most likely forms a persistent seed bank in the soil, 
with seeds germinating under specifo.: climatic.: c.:onditions (e.g., appropriate temperature 
and amount and timing of rainfall). Seed banks typically contain multiple genotypes from 
various years, but years yielding large seed crops contribute disproportionately to the 
bank (Templeton and Levin 1979). In this respect, seed banks contain the "evolutionary 
memory" of a species (Del Cas1illo 1994). Seed banks buffer changes in population size, 
and help maintain genetic diversity and genetic spatial distribution (Del Castillo 1994). 
Seedling survival may depend on adequate rainfall, as well as light and nutrient 
conditions. These factors influence the degree of competition between the spineflower 
and other p1ant species. 

Little is known about the reproductive biology of the spineOower (including whether the 
species is strictly outcrossing or can also self-pollinate). A wide range of insect visitors 
was observed on spineflower flowers during the 1999 fie)d surveys (GLA 1999), but it 
has not yet been determined if any of these are effective pollinators. Insects observed on 
the spineflower included ants (mostly of the Dorymyrex insanus complex), ant-like 
spider8 (possibly Micaria spp.}. Eurnpean honeybee (Apis mellifera), bee-flies 
(Bombyliidae), a small bumblebee (Bombus sp.), and tachnid flies (possibly Ard1ytas 
spp.) (GLA 1999). Of these species, the ants appeared to he the most frequent flower 
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v1s1tors. Determination of the reproductive strategy is necessary to assess whether 
pollinators are important in maintaining the spineflower population. Determining the 
specific pollinator(s) is important in identifying the range and type of habitat(s) required 
for maintaining an effective pollinator population(s). Based on his work with a related 
taxon (Eriogo,zum} and on the spineflowers' floral morphology, Dr. James Reveal (pers. 
comm.) suggests that the San Fernando Valley spineflower may be capable of both cross
pollination and self-pollination. Outcrossing would likely be the primary means of 
reproduction, because of (1) the presumed differential timing between pollen release and 
stigma receptivity and (2) the spatial separation between anthers and stigma. Late in the 
pollination cycle, however, the still-receptive stigma may roll back and pick up any 
remaining pollen, thereby resulting in self-pollination. Although self-pollination may 
result in production of viable seed and ensure short-term persistence, it may also lead to 
reduced genetic diversity over time (Reveal pers. comm.). Dr. Eugene Jones (pers. 
comm.) is in the process of determining some of these reproductive characteristics for th.e 
San Fernando Valley spineflower (e.g., whether the flowers are p1'otandrous versus 
protogynous, whether self-pollination is autogamous versus geitonogamous, etc.).2 Dr. 
Jones notes that related tax.a having similar floral structures may function differently from 
one another. 

Reveal (pe1·s, comm.) has observed other spincflower species being effectively pollinated 
by ants, but indicates that, in those cases, ants are incidental (secondary) rather than 
primary pollinators. Jones (pers. comm.) observed high densities of ants in and out of 
spincflower corollas in th.e field, and suggests that ants may play an important role in 
pollination of this species. Hickman (1974) demonstrated ant pollination as a specialized 
mutualistic system in another annual species within the buckwheat family, Polygmmm 
r.ascadense. Po/ygomtm cascadense shares several similarities with lhe spineflower, 
including habit (e.g., low. erect annual), habitat (e,g,, open, dry slopes), and possibly, 
reproductive characteristics (e.g., stamens maturing before the stigma). 

The spinetlower involucre (whorl of modified leaves adjoining each flower) is 
characterized by straight spines, which may be an adaptation for animal dispersal of seeds 
and may help anchor seeds to suitable substrate (GLA 1999). Seeds apparently remain in 
the involucre even after the plant disarticulates. Small mammals or even ants may play a 
role in seed dispersal; however, studies have not yet been conducted to determine whether 
any animals onsite effectively disperse spineflower seed. Reveal (pers. comm,) notes that 
gallinaceous birds that peck and scratch al the soil surface can be effective in planting 
seeds of chorizanthoid species as non-incidental dispersal agents, and that localized 
dispersal may also be accomplished by small mammals. The one season of data indicates 
relatively high seed production for the spineflowcr. It is not known whether seed 
predation by animals significantly affects the seed bank. 

2 Protandry refers to the condition in which flowers shed their pollen before the stigma becomes 
receptive. Protogyny refers to the opposite condition, i,e., the stigma matures and becomes receptive 
before the anthers dehisce and shed pollen. Autogamy refers to self-pollination that occurs when a 
flower is pollinated by its own pollen. whereas gcitonogamy is the condition in which a flower is 
pollinated by pollen from another flower on the same plant. The lauer is, in effect, self-pollination 
b~cause the results are genetically identical to pollination by autogamy (Proctor et at. 1996). 

Co11,<11rvatiu11 Biology lmtit11tc 3 11/9100 



Fire has been suggested as a possible management tool for maintaining or enhancing 
spinetlower habitat. The effect<; of fire on gennination of the San Fernando Valley 
spineflower have not yet been established. Studies on a closely related taxon 
(Clwriza11tlte parryi var. parryi) that occurs in similar habitat indicate that fire has at least 
a short-tenn inhibitory effect on seed gennination (Ellstrand 1994; Ogden 1999), 

BACKGROUND ON EDGE EFFECTS 

In the context of conservation biology and preserve design, edge effects are defined as 
adverse changes to natural communities as a result of their proximity to human-modified 
areas (Lovejoy et al. 1986; Yahner 1988; Sauvajot and Buechner 1993) or, more simply, 
the adverse effects of development on adjacent biological resources. Examples of edge 
effects include increases in invasive, weedy species, increase<.! trampling and soil 
compaction from h.uman recreation, or incre.ises in nonnative animal species. Edge 
effects have been documented within specified distances of developed lands, although the 
impacts may be species- or resource-specific and tempered by a host of site-specific 
factors, including microtopography (McEvoy and Cox 1987; Andersen 1991 ), distribution 
and size of gaps (Bergelson et al. 1993), and intactness of the natural community 
(Sauvajot and Buechner 1993), A number of empirical studies have concluded that 
detrimental effects to biological resources can occur at distances ranging from 150 to 600 
feet from the edge of the urban-wildland interface (e.g., Gates and Gysel 1978; 
Britlingham and Temple 1983; Andren et al. 1985; Wilcove 1985; Angelstam 1986; 
Wilcove et al. 1986; Temple 1987; Andren and Angelstam 1988; Santos and Telleria 
1992; Alberts et al. 1993; Scott 1993; Vissman 1993). The majority of these studies 
focus on impacts to wildlife habitat. Few studies that we reviewed focus specifically on 
edge effects to plant species. 

Buffer Considerations 

Kelly and Rotenberry (1993) provide guidelines for effective buffers around urban 
reserves that are useful in recommending buffer widths and assessing potential edge 
effects on the San Fernando Valley spineflower resulting from the proposed preserve 
design. Kelly and Rotenberry ( 1993) note that the effective size of an ecological preserve 
is almost always smaller than the area within the preserve boundary, or the total preserve 
size. The effective size is generally referred to as the core are.a. The preserve boundary 
or edge surrounds the core area. The width of the edge is a function of the permeability 
of the boundary to negative external influences or risk factors. Edge effects can be 
particularly significant for small reserves because of their relatively large perimeter to 
core ratios (Soule et al. 1988; Bolger et al. 1991; Saunders el al. 1991). An effective 
buffer width can he determined on a site-specific basis by (1) identifying risk factors and 
potential impacts to the species of concern within the preserve and (2) detennining the 
permeability of the urban-wildland boundary to vectors of those risk factors. Altering the 
boundary permeability through habitat management is a potential method for mitigating 
identified impacts (Kelly and Rotenbeny 1993). However, this method may not be 
effective for all types or risk factors (e.g., wind-blown seed of invasive plant species). 
Incorporating appropriate site design measures and land use restrictions into the 
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development abutting the preserve is an alternative method of avoiding and minimizing 
impacts to the preserve (i.e., designating a land use buffer outside the preserve}. 

RISK FACTORS AND POTENTIAL IMPACTS 

Preliminary studies on the biology and ecology of the San Fernando Valley spineflower 
(GLA 1999) indicate that the following parameters may play a role in the persistence of 
this taxon on the Ahmanson Ranch and may be negatively influenced at the urban
wildland interface: 

• gaps in vegetation cover (i.e., areas of bare soil) 
• low nutrient soils 
• pollinators 
• seed dispersal agents 
• extant seed bank 

Risk factors at the urban-wildland boundary that may affect these parameters include the 
following: 

• nonnative, invasive plant and animal species 
• vegetation clearing for fuel management or creation of trails 
• trampling 
• increased water supply due to suburban irrigation and l'Unotf 
• chemicals (e.g .. herbicides. pesticides, fertilizers) 
• increased fire frequency 

Some of these risk factors could affect more than one of the parame1e1·s. Potential effects 
of these risk factors on the spineflower population arc discussed below. 

Invasive Plant Species 

San Fernando Valley spineflower appears to prefer open patches of bare ground, which 
are often invaded by exotic plant species, as well (Amor and Stevens 1976; Forcella and 
Harvey 1983; Bazzaz 1986; Alberts et al. 1993). Although the spinet1ower on the 
Ahmanson Ranch was noted on thin, compacted soils lacking nonnative grasses, it is not 
clear whether spinet1ower density is significantly lower on these soils versus on deeper 
soils or whether nonnative grasses may be more abundant in these areas in years with 
average or above-average rainfall. Brooks (1995) noted that with increased rainfall, 
annual grasses gradually gain dominance once they have colonized an area, regardless of 
management or other protective measures. Gordon-Reedy (pers. obs.) has also observed 
large fluctuations in nonnative grass density in open coastal sage scrub in Riverside 
County in years with variable rainfall amounts. 

Direct competition between native and exotic plant species is well documented (Albe11s 
et al. 1993). Furthermore, the successful invasion of exotic species may alter habitats and 
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lead to displacement or extinction of native species over time. For example, exotic 
invasions have been shown to alter hydrological and biochemical cycles and disrupt 
natural fire regimes (MacDonald et al. 1988; Usher 1988; Vitousek 1990; D' Antonio and 
Vitousek 1992; Alberts et al. 1993). Vitousek and Walker (1989) noted that aggressive 
nonnative species might displace native species by altering soil fertility. 

MacDonald et al. (1988) reported that reserves surrounded by development areas 
supporting populations of exotic species are most subject to invasion. However. in 
studies on the effects of urban encroachment into natural areas in the Santa Monica 
Mountains, Sauvajot and Buechner (1993) found that direct habitat alteration or 
disturbance within natural areas is a tnot'e significant factor in the extension of edge 
effects into those areas than proximity to urban development alone. Several other studies 
have also correlated invasions by alien plants into nature reserves with elevated levels of 
disturbance. high light conditions, and, in some cases, increased water availability 
(McConnaughay and Bazzaz 1987; Laurance 1991; Tyser and Worley 1992; Brothers and 
Spingam 1992; Matlack 1993). 

In a review of biological invasions of 24 nature reserves, Usher ( 1988) reported a positive 
correlation between the number of human visitors and the number of introduced species. 
Further, he cited circumstantial evidence that invasive plant species are most common 
near paths through the reserves. Tyser and Worley (1992) provided data indicating that 
alien plant species extend up to about 325 feet into natural habitat from primary roads, 
secondary roads, and backcountry trails. They found a gradual decline in species richness 
with distance from the edge, and effects along trails were less prominent (but still 
evident) than along roads. Ghersa and Roush ( 1993) noted that the number of propagules 
available rarely limits the abundance of weeds in a given setting; rather, one needs to 
consider both the dispersal strategies of the invading species and potential vehicles for 
dispersal. Well-known dispersal agents include humans (Usher 1988; Ghersa and Roush 
1993), vehicles, and road construction (Amor and Stevens 1976: Amor and Piggin 1977; 
Lonsdale and Lane 1991 in Hobbs and Humphries 1995; Hobbs and Humphries 1995}. In 
addition to promoting biological invasions by acting as dispersal vectors, humans can 
impact spineflower habitat by disturbing the soil surface, trampling individual plants, and 
increasing the fire frequency within or adjacent to reserves. 

Factors that affect the success of invasions include dispersal ability of the invasive 
species, in conjunction with size and distribution of gaps in the vegetation 
(McConnaughay and Bazzaz I 987; Bergelson et al. 1993) and the timing of seed dispersal 
relative to environmental conditions or "invasion windows"' (Johnstone 1986). 
Bergelson et al. (1993} documented an average dispersal distance for the ruderal, wind
dispersed annual plant, Senedo vulgar is. of l.J feet; however, they also noted dispersal 
events for this same species of over 50 feet. McEvoy and Cox (1987) reported that 89% 
of seeds of another wind-dispersed species (Senecio jacobaea) traveled 16 feet or less, 
while no seeds were observed >45 feet from the source in a mark-recapture study. They 
noted, however, that secondary dispersal and animal dispersal may increase initial 
dispersal distances under some conditions. For example, in dry, open habitats, seeds may 
be moved along the ground or swept into the air by wind (McEvoy and Cox 1987). 
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Laurance (l991). in a study of edge effects in tropical forest fragments, found a striking 
abundance of invasive plants within 650 feet of forest edges, and Jower (but still elevated) 
levels of invasive plants 1,640 feet from the edges. Tyser and Worley ( 1992), in a study 
in the intennountain region of western North America, found invasive plants extending 
over 325 feet from road and trail edges, although there was a gradual decline in invasive 
species richness beyond about 80 feet. Amor and Steven!I (1976) also found a general 
decline in invasive plants with increasing distances from roads into sclerophyll forests in 
Australia. They reported that at JOO feet from a road edge, the majority of invasive 
species either dropped out altogether or occurred in lower percentages tlian at the road 
shoulder, particularly in drier plant communities. In the presence of ru.1ificial sources of 
water, however, the occurrence of some invasive species remained high regardless of 
distance from the edge (Amor and Stevens 1976). Where there is a large perimeter 
between the preserve and urban interface, larger numbers of colonizing propagules can be 
expected to enter the preserve (Alberts et al. 1993). In general. Alberts et al. (1993) 
found that ruderals tend to invade reserves quickly, given appropriate site conditions, 
whereas ornamental species invade reserves over a longer period of time, and their 
presence is correlated with increased sources of water. 

Invasive A1timal Species 

Th.e effect of nonnative animal spedes on biological resources within reserves has been 
well documented (e.g., Gates and Gysel t978; Brittingham and Temple 1983; Wilcove 
1985; Andren and Angelstam 1988; Langen et al. 1991; Donovan et al. 1997); however, 
most of this literature pertains to effects on wildlife species. For example, both domestic 
dogs and cats are known to adversely impact native wildlife, with effects ranging from 
harassment to disturbance of breeding activities to predation (Kelly and Rotenberry 1993; 
Spencer and Goldsmith 1994). Domestic dogs have been observed within reserves at a 
distance of greater than 325 feet from the e<lge, while cats have been observed within 
reserves more than 1 mile from human dwellings in Riverside County (Kelly and 
Rotenberry 1993). An increase in nonnative predators as a result of development adjacent 
to the spineflower preserve could potentially affect populations of rodents {e.g., kangaroo 
rats, pockel mice, pocket gophers) that may act as seed dispersal agents or play a role in 
bioturbation.' In a study of two populations of house cats on a suburban-desert interface 
near Tucson, Arizona, Spencer and Goldsmith (1994) found that most prey were diurnal 
species of rodents, birds, and 1·eptiles. Radio-tracking studies indicated that the cats spent 
over 90% of their time within 100 feet of houses, although this may have been related to 
an abundant coyote population. Spencer and Goldsmith (1994) suggested that impacts of 
cats on native wildlife are concentrated within 100-200 feet of the urban-wildland 
interface in the presence of predators (e.g., coyotes), but may extend further in their 
absence. 

If rodents consume spinetlower seeds, then a reduction in the rodent population may 
reduce seed dispersal into sites suitable for germination. Perry and Gonzalez-Andujar 
(1993) developed a model to assess tile role of seed dispersal on metapopulation growth 

J Bioturbation is the aeration and mixing of soil by organisms. 
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and persistence of an annual plant, like the spineflower. that forms a seed bank and occurs 
in drought-like and disturbed environmental conditions. This mo<lel predicts that a 
strongly dispersing metapopulation is hardly affected by temporal environmental 
heterogeneity, while metapopulations with moderate or no dispersal capabilities suffered 
extim:tion in every replication. However, granivorous rodents tend to selectively harvest 
large seeds (Brown and Liebennan 1973; Brown et al. 1979; Samson et al. 1992; Brown 
and Harney 1993). Spineflower seeds are relatively small (ca. 2 mm), and may only be 
used by smaller rodents (e.g., pocket mice) that clip dusters of involucres. Even if 
rodents do not play a significant role in spincflower seed dispersal through seed 
predation, they may still effect some localized dispersal when the awn-tipped involucres 
(and seeds) become temporarily attached to their bodies. In addition, rodents may 
indirectly benefit the spincilower by suppressing populations of larger-seeded annual 
plants that compete with the spineflower (Davidson et al. l 984; Samson et al. 1992; 
Brown and Hamey 1993). 

Decreases in the rodent population may also reduce the amount of potentially high quality 
habitat for spineflower establishment. Rodent activities that result in bioturbation and 
bare soil patches have been associated with spineflower plants on Ahmanson Ranch 
(GLA 1999). Long-term studies in the Southwest have demonstrated that selective 
removal of kangaroo rats, for example, resulted in much less disruption of the soil 
surface, higher densities of tall perennial and annual grasses, increased accumulation of 
litter, decreased foraging by granivorous birds, and differential colonization by rodents 
typical of grassland habitats (Brown and Heske l 990: Thompson et al. 1991; Brown and 
Hamey 1993). 

Conversely, Mills (1996) demonstrated that edges could have higher populations of 
certain mammalian seed predators (e.g .. deer mice [Peromyscus spp.l) than core areas, 
which may result in reduced plant recruitment. Deer mice are good edge specialists, and 
can reach high densities under appropriate conditions. Because they are generalists that 
can switch among food resources, they often exert a heavier toll on a certain food 
resource (like seeds) than specialists whose populations track the specific resource more 
closely. Jules and Rathcke (1999) found reduced recruitment of a native herbaceous 
perennial plant species (J'rillium ovatum) within about 200 feet of a forest/clearcut edge, 
and demonstrated that this was significantly correlated, in part, with seed predation by 
rodents {species unspecified). To date, no studies have been conducted that define the 
role of rodent populations (if any) in spinenower seed dispcl'sal or predation. In light of 
these uncertainties, it therefore seems impo11ant to maintain as natural a mix of native 
seed dispersers/predators as possible, and to minimize ~ological imbalances due to 
abundant nonnative species. 

One invasive species that h.as been documented on the Ahmanson Ranch and may 
potentially increase in dominance over time is the Argentine ant. Ant surveys indicated 
that the Argentine ant is abundant in some areas of the project site, but currently occurs in 
very low numbers in or near spineflower habitat. presumably due to xeric conditions 
(Hovore pers. comm.). 
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Disturbed habitats are oflen considered vulnerable to Argentine ant invasions. There is 
evidence that this exotic species rapidly invades disturbe<l areas within stands of native 
habitat (Erickson 1971~ Ducote 1977 in Suarez et al. 1998~ Ward 1987; DeKock and 
Giliomee 1989: Knight and Rust 1990; Suarez et al. 1998). Suarez et al. (1998) found 
Argentine ants most abundant along the edge of urban preserve areas, with densities of 
ants in the preserve decreasing with distance from the edge. They found that ant activity 
was highest within about 325 feet of the nearest urban e.dge, whereas areas sampled 
beyond 650 feet contained few or no Argentine ants. However, Argentine ants have also 
been found at distances of approximately 1,300 feet and 3 ;280 feet from the edge, 
respectively, in other urban reserves in southern California (Suarez et al. 1998). DeKock 
and Giliomee {1989) documented extensive penetration of this species into natural areas 
in South Africa along roads. Recent studies indicate that the Argentine ant may be 
capable of invading undisturbed habitat, as well (Cole et al. 1992; Human and Gordon 
1996}. 

Argentine ants appear to be confined to low elevation areas with permanent soil moisture 
(Erickson 1971; Tremper I 976 in Suarez et al. 1998; Ward 1987; Knight and Rust 1990: 
Holway 1995, 1998). Tremper (1976) reported that Argentine ants desiccate more easily 
and are less toter.mt of high temperatures than native ants. Suarez et al. ( I 998) indicated 
that the presence of the Argentine ants in urba1) reserves might be dependent on water 
runoff from developed areas. Holway (1998) found that the rate of Argentine ant 
invasion is primarily dependent on abiotic conditions (e.g., soil moisture), rather than on 
disturbance. He suggested that disturbed areas are often a point of introduction, but 
encourage invasions only if they increase the availability of a limiting resource such as 
water. Blachly and Forschler ()996) found Argentine ants thriving in areas disturbed by 
human activity, but indicated that their presence is also related to added ground cover, 
permanent water supplies, and a simplified native ant fauna. 

Although the reproductive strategy of the San Fernando Valley spinetlower is not yet 
known, field studies indicate that flowers are visited by a number of invertebrate species. 
Presumably. one or more of these species function as effective pollinators of the 
s-pineflower. Invasive fauna) species (e.g .• Argentine ants, parasites) have the potential to 
negatively impact pollinator populations. Loss or limitation of pollinators may adversely 
aftect the long-tenn survivability of the spineflower by reducing seed output (e.g., 
reproductive failure) if there is no selfing (Jennersten 1988; Bawa 1990) or decreasing the 
effective population size through reduced gene flow (Bawa l 990; Menges I 991: Aizen 
and Feinsinger 1994). Some studies have shown that pollinator limitation can reduce 
seed output by 50-60% (Jennersten 1988; Pavlik et al. 1993; Bond 1995). Jules and 
Rathcke (1999) demonstrated that pollinator limitation was significantly related to 
reduced recruitment of a native plant species within 200 feet of a forest/clearcut edge. 

It has been hypothesized that native ants may be a primary or s.ccondary pollinator of the 
San Fernando Valley spineflower (OLA 1999). The Argentine ant is known to displace 
native ant species (Erickson 1971; Tremper 1976 in Suarez et al. 199~: Ward 1987; 
Holway 1995; Human and Gordon 1996; Suarez et al. 199&), although this apparently has 
not yet occurred in spineflower habitat on the Ahmanson Ranch. Nonetheless. potential 
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negative interactions between native ant species or other insect pollinators and the 
Argentine ant would be a concern if the spineflower were insect-pollinated. 

Ant pollination is considered relatively uncommon in plants (Proctor el al. 1996), 
although Jones (pers. comm.) indicates that ants may be a major pollinator of cushion 
plants in desert areas and Hickman (1974) has demonstrated effective ant pollination in a 
taxon related to the spineflower. Ant-pollinated plants tend to occur in hot, dry habitats 
and arc further characterized by a prostrate or low-growing habit, small, inconspicuous 
flowers close to 1he stem, intertwining plants within a population, few seeds per flower, 
and small pollen volume and nectar quantity (Hickman 1974). The San Fernando Valley 
spineflower possesses many of these characteristics. In a study conducted in the South 
African fynbos,4 Paton ( I 986 in Visser et al. I 996) correlated high densities of ants 
(species undetermined) in inflorescences of Protea eximia with lower numbers of other 
insects. Visser et al. (1996) investigated whether Argentine ants influenced the number 
of insect species and individuals present in the inflorescences of Protea 11ilida, and found 
that IO of 1 l insect taxa showed reduced numbers where Argentine ants were present and, 
in 5 cases, these reductions were highly significant. In addition, the total number of 
insects was significantly suppressed in inflorescences with high numbers of Argentine 
ants. Visser et al. (1996) speculated that a reduction in the diversity and abundance of 
insect visitors could result in reduced poJlination and ultimately affect the reproductive 
capacity of the plant. In the species they studied, ants were not considered effective 
pollinators, and an increase in ant abundance was not expected to promote pollination. 

Ants may also function as primary or secondary dispersers of seeds (Roberts and Heithaus 
1986; Louda 1989). They have been reported to contribute to the spatial heterogeneity of 
seed distribution (Reichman 1984, 1979) and they decrease seed abundance of some 
numerically dominant ruderal species in relation to less dominant native annual species 
(Inouye et al. 1980). Displacement of native ant species by the Argentine ant could 
negatively affect spineflower persistence by reducing spineflower seed number and 
distribution. Bond and Slingsby (1984} investigated the effects of displacement of native 
ant species by the Argentine ant on a myrmecochorous planr in South Africa, and found 
that the Argentine ant negatively affected seed dispersal and plant regeneration. Native 
ant species typically carry seeds to their nests, where they remain or are later discarded in 
nearby middens. While the ants derive nutritional benefits from the seeds, this process 
also increases seedling recruitment by minimizing competition near the parental plant, 
!'educing seed predation at the soil surface, and enhancing plant growth in the nutrient
enriched soils of the nests or middens (Marshall et al. 1979; Heichaus et al. 1980; 
O'Dowd and Hay 1980; Bond and Slingsby 1984). In contrast, Argentine ants are slower 
to discover seeds, move them a shorter distance, and fail to store them in below-ground 
nests, thus resulting in decreased dispersal and increased seed predation (Bond and 
Slingsby 1984; Holway 1999). Bond and Slingsby (1984) reported significant decreases 
in seed germination and establishment in areas infested with Argentine ants compared 
with uninfested areas, and ascribed these differences primarily to increased seed 

"' Fynbos is a chaparral•like vegetation community found in mediterranean climate regions of South Africa 
and Australia. It is dominated by evergreen shrubs with sclerophyllous (hard) leaves (Dallman 1998). 

' A myrmecochorous plant is dependent on ants for seed dispersal. 
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predation. They further suggested that the negative effects of Argentine ants on 
myrmecochorous species with a persistent seed bank will only become apparent over 
relative]y long time periods (e.g., decades) as the .seed bank becomes depleted. 

DeKock (1990) found that the first native ant species to be driven off by Argentine ants 
arc those that are most effective in seed dispersal. She suggested that the effects of 
Argentine ant invasions on native plants would be indirect and related to a depleted seed 
bank. lt should be noted that many ant-dispersed seeds have structural adaptations such 
as oily seed coats or fat-bearing appendages (elaiosomes} that provide nutritional rewards 
for the dispersing ants (Stebbins 1974; Marshall et al. 1979). Hughes and Westoby 
{1992) demonstrated that seed dispersal by ants was, in general, significantly higher for 
seeds with elaiosomes, although this effect was ant species-specific, and some dispersal 
did occur in the absence of these structures. It is not known whether spineflower seeds 
have any adaptations that would predispose them to ant-dispersal. 

Vegetation Clearing 

Disturbance of native vegetation communities can produce appropriate site conditions for 
germination of weedy species (Bazzaz 1986; Westman 1990; Alberts et al. 1993; Hobbs 
and Humphries 1995). In general, ruderal weedy species possess a number of 
characteristics that allow them to rapidly colonize gaps or bare areas. These include the 
production of abundant, typically wind-dispersed seeds that are quick to germinate. 
establish, and grow (Frenkel 1970: Amor t1nd Piggin 1977; Bazzaz 1986). Thus, weedy 
exotics often out-compete native species that utilize similar habitats. Clearing of 
vegetation along the urban-wildland interface (e.g., firebreaks, l'oads) or within a preserve 
system (roads, trails) may provide opportunities for s\lch weedy species to gain a foothold 
in the preserve (Amor and Stevens 1976; Amor and Piggin 1977; Lonsdale and Lane 
1991 in Hobbs and Humphries 1995). 

Trampling 

Trampling can affect the spineflower either by damaging individua] plants or altering the 
ecosystem. Maschinski et al. ( 1997) demonstrated that the combination of trampling and 
poor climatic conditions resulted in an ac~lerated extinction probability for a native plant 
species. Jn this case, trampling directly affected plant fitness, resulting in significantly 
lower fruit production. Trampling can also create gaps in vegetation that provide 
opportunities for exotic plant establishment (Hobbs and Huennekc 1992). Cole (1987) 
reported that even low levels of trampling caused a substantial loss of vegetation cover 
and species diversity, and resulted in an increase in soil compaction, whereas soil erosion 
occurred with higher levels of trampling. In other studies (see Dale and Weaver 1974: 
Bright 1986}, species diversity increased in areas subject to trampling. but species 
composition shifted to those plants that are resistant to trampling. In general, plants with 
tough, wiry leaves or thick leaves and a tufted growth form (e.g., grasses) arc more 
resistant to trampling than herbaceous plants. such as the spineflower, whose branches or 
stems could be easily crushed or broken (Cole 1987: Hall and Kuss l 989). Refer to the 
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literature cited above (plant invasions, vegetation clea.l'ing) for discussions on invasion of 
gaps or vegerntion disturbances by weedy versus native species. 

Harrison (1981) found that the season or timing of trampling influences the effects on 
native species and their recovery. The ability to recover from trampling is also dependent 
on environmental conditions (temperature, moisture) and growth form characteristics 
(Cole 1987). Some adverse effects of trampling (soil compaction, erosion) are less easily 
reversed than others. For these factors, recovery may be difficult after only a few yeru·s of 
trampling at relatively high intensities (Cole 1987). 

Increased lVater Supply 

Changes in surface and subsurface hydrological conditions at or near the urban-wildland 
boundary could occur as a result of removal of native vegetation. increased runoff from 
roads or other paved surfaces, and residential or commercial irrigation. Increased surface 
water flows may result in incrca!lcd erosion and transport of particulate matter (Saunders 
et al. 1991 ). Altered patterns of erosion may deposit new substrates for plant 
colonization, although such areas are often quickly colonized by weedy species that 
l'cquire both disturbance and nutrient-rich substrates for establishment (Hobbs and Atkins 
1988). Increased surface flows may also be a conduit for introducing invasive species 
into the preserve. Holway (199&) indicated that Argentine ant colonies are often 
dispersed into new areas by jump-{)ispersal events such as floods, and that thest:, types of 
dispersal events are an important component of the large-scale dynamics of Argentine ant 
invasions. 

Increased surface moisture or underground seepage that results in increased soil moisture 
levels may also promote the establishment of exotic plant species (Albe1ts et al. 1993; 
McIntyre and La:vorel 1994; Amor and Stevens 1976) or wetland-dependent native plant 
species. facilitate invasion by Argentine ants (Suarez et al. 1998), alter seed bank 
characteristics, and modify habitat for ground-dwelling fauna (Saunders et al. 1991). 
Seepage is expected to be minimal in most areas along tile urban-wildland interface due 
to the underlying sttbstrnte. However, tile cu1Tent project design includes a few hundred 
feet of man-made slopes between two stands of the spinenower, and there is the potential 
for some seepage on these fill soils (Barker pers. comm.). 

Chemicals (Herbicides, l,isecticides, Fertilizers) 

Chemical pollutant~ can adversely affect biological resource areas in many ways, 
including decreases in pollinators, increases in weedy exotic species, or damage to or 
direct killing of native plants. The use of herbicides to maintain open areas within or 
adjacent to the preserve can result. in chemical habitat fragmentation and consequent 
reductions in pollinator populations (Buchmann and Nabhan 1996). hlsecticide spraying 
in adjacent residential areas can result in pollution drift that kills pollinators in reserve 
areas (Kelly and Rotenben)' 1993; Allen-Wardell et al. 1998). Boutin and Jobin 0998) 
reported that chemical pesticide drift using ground equipment has been estimated at I -
I 0% of the application rale within about 30 feet of the target. In a study on the effects of 
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various herbicides on native plant species in a nature reserve, Marrs et al. (1989) 
demonstrated that tile maximum safe distance (i.e., no Lethal effects) was about 20 feet 
from the spray source, although the average safe distance was 6.5 feet or less. They also 
found that adverse but non-lethal effects of spraying (e.g., plant damage, flower 
suppression) occurred at slightly greater distances than lethal effects, and showed 
seasonal variability. For example, no damage wa,; detected beyond about 8 feet for most 
of the species they tested in fall. A few species, however, appeared to be particularly 
sensitive to herbicides during this time period. and showed damage between 33 and 65 
feet from the spray source. In spring, the maximum distance at which damage effects 
were apparent was about 25 feet from the spray source. However, most damaged plants 
recovered completely by the end of the growing season. Based on these results, Marrs et 
al. (1989) advocated the use of a 16 to 33-foot buffer zone to minimize lethal effects to 
herbaceous plants from herbicide drift, and noted that wider buffers (e.g., 50 feet) would 
reduce risks even further. 

Other chemicals, such as are included in fenilizers, may enhance growth of weedy species 
and, thus, should not be used adjacent to the preserve. For example, nitrogen is a limiting 
factor in plant growth, and the addition of nitrogen fertilizers enhances 1he growth of 
many plant species. Many na.tive plant species, however. are adapted to low-nitrogen 
systems (Vitousek et al. 1997; Zink and Allen 1998). Vitousek et al. (1997} stated that 
the addition of nitrogen to such systems, through direct fertilization or runoff from 
adjacent areas, could cause shifts in species dominance and reduce overall species 
diversity. Furthermore, nitrogen-rich systems may promote exotic weedy species to the 
detriment of native species (Zink and Allen 1998). 

Aerial fallout of nitrogenous compounds from automobiles may also contribute to 
increased nitrogen in the soil. Allen (1996) has observed high mortality of coastal sage 
scrub shrubs in areas with high soil nitrogen levels, and hypothesizes that nitrogen 
deposition from air pollution may be responsible for this mortality (Allen et al. 1996). 
Vegetation and soils are known to be important sinks for other atmospheric pollutants 
from automobiles, as well, although a number of biological and environmental factors 
may affect che acmal absorption or accumulation of such compounds. The level of 
pollutants in roadside plants has been positively correlated with traffic density. Singh et 
al. (1995) reported the most significant effects where traffic volume was high (e.g., 
>4,000 vehicles per 2 hours). 

Increased Fire Frequency 

The effects of fire on the San Fernando Valley spineflower are not yet known. Seed 
germination of a closely related taxon, Parry's spineflower (ChQrizanrhe parryi var. 
parryi) appears to be inhibited by fire in both greenhouse and natural settings (Ellstrand 
1994; Ogden 1999). Despite the inhibitory effect of direct scorching, fire may also pt'ove 
beneficial to the spincflower by creating openings and temporarily reducing competition. 

San Fernando Valley spineflower occurs primarily in openings in coastal sage scrub, 
although much of its habitat on the Ahmanson Ranch appears to have been invaded by 
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nonnative grasses. The coastal sage scrub community is adapted to fire. bul not 
completely dependent on it for continued viability. In general. it is considered a relatively 
stable vegetation community over a broad range of fire frequencies, parlicularly if 
detrimental factors such as fragmentation and exotic weed species invasions are 
minimized. However, excessively long or short fire intervals may result in (I} shifts in 
the composition of the dominant species of this community (Westman 1987, 1981; 
Keeley 1991} or (2) displacement of native species by nonnative species, such as annual 
grasses. Nonnative grasses exert a number of undesirable effects on native plant 
communities. including altering fire regimes. Colonization of an area by nonnative 
grasses provides the fine fuel needed to start and maintain fires. This can lead to 
increased fire frequency, extent, and intensity. Nonnative grasses typically recover more 
quickly than native species following grass-fueled fires. thereby initiating a cycle of 
increasing fire susceptibility (D' Antonio and Vitousek I 992; Hobbs and Huenneke 1992). 
Changes in fire regimes due to invasive species can result in a wide range of ecosystem 
changes, including nutrient loss. altered local microclimate, and prevention of succession 
(D' Antonio and Vitousek 1992). 

The use of fire has been suggested as one method for controlling nonnative grasses. 
Controlled bums have been used with some success to control nonnative grasses, 
particularly in grassland communities (Zavon 1982 in Pollack and Kan 1998; Ahmed 
1983 in Pollack and Kan 1998: Keeley 1990; George et al. 1992; Pollack and Kan 1998). 
Pollack and Kan (1998) and others (see Menke 1992) found that late-spring fires were an 
effective method of controlling annual species that do not have well-developed seed 
banks, or of reducing the size of the seed bank in those alien species that do form a seed 
bank. Pollack and Kan (1998) suggested that knowledge of the target species' phenology 
is critical in effective timing of bums. In their study, late-spring burns were associated 
with more intense fire behavior and the need for fire suppression equipment (Pollack and 
Kan 1998). Controlled or prescribed burns are often suggested as a management tool to 
improve habilal characteristics, and a recent report of the Wildland/Urban Interface Task 
Force (1994) included a wildland fire rnanagcmcnt-phmning model designed to facilitate 
prescribed burning and post-fire management. However, recent attempts to incorporate 
burns (or even "let-burn" policies) into habitat management plans in southern California 
have met with resistance from local fire control agencies, particularly near urban areas. 

In addition to the fire-inducing effects of nonnative grasses, fire frequency near urban
wildland boundaries may increase due to other human-related activities (e.g., constmction 
or utility maintenance activities, children playing with matches}. 

ANALYSIS OF RISK FACTORS 

The objectives of this analysis are to {I) determine how risk factors can be reduced 
through buffers and management actions; (2} provide a relative ranking of risk factors 
that pose the greatest threat to spineflower persistence. based on boundary permeability; 
and (3) recommend buffer/management scenarios that effectively address risk factors. 
This analysis utilizes a step-wise. approach by first considering buffer widths alone as a 
means of reducing risk factors, then overlaying buffers with proposed management 
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actions6 to reduce potential negative effects from risk factors. Ranking of risk factors is 
based on the literature review. field observations, and professional judgment. Risk 
factors that can be least controlled by management are considered to present the highest 
risk to spineflower persistence. 

Buffer Widths 

Buffers are an important component of preserve design. Here, the buffer is defined as the 
distance between the edge of the current spineflower population within the preserve and 
the edge of the preserve. Various buffer widths were assessed to determine their 
eftectivcness in minimizing identified risk faccors. The five buffer widths included in 
this analysis range from a minimum width (15 feet) to greater widths shown to be 
effective in the edge effect literature for specific risk factors. Table I presents the relative 
assessment of varying buffer widths in minimizing risk factors. 

Table 1 
ESTIMATED BUFFER EFFECTIVENESS FOR MINIMIZING EDGE EFFECTS 

OF SELECTED RISK FACTORS ON THE SPINEFLOWER 

RJSK F ACTOltS BUFFER WIDTHS (FEET) 1 

15 ~-50 80·100 200 300 

Invasive Animals L L L M M 

Increased Fire FNquency L L L M M 

Invasive Plants L L M H H 

Vegetation Clearing L L M H H 

Increased Water Supply L L M H H 

Trampling L L M H H 

Chemicals L M H H H 

' Estimated effectiveness rankings: Low (L) = Unlikely to be effective; Moderate {M) = moderately 
effective; High {H} = highly likely lo be effective. 

Table 1 indicates that ranking of risk factors (i.e., from highest risk to the spineflower to 
lowest risk), based on buffer widths, can be grouped as follows: 

• Invasive Animals and Increased Fire Frequency -· Literature on invasive 
animals indicates that most impacts that could affect the spineflower are 
concentrated within about 100-325 feet of the edge. Nonetheless, both cats and 
dogs have the ability to disperse much further into preserve areas. Argentine ants 
also have the ability to disperse further into preserve areas, but apparently only in 

6 For the purpose of this analysis, other preserve design elements, land use restrictions. and engineering 
designs are included under management actions. 
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the presence of adequate water supplies. Buffer width alone is not expected to be 
highly effective in !'educing fire frequency. 

• Invasive Plants, Vegetation Clearing, Increased Water Supplyt and 
Trampling --Invasive plant species and vegetation clearing are closely related 
risk factors. Literature reviewed on invasive plants in temperate systems indicates 
that they may extend up to 325 fe<:t into preserve areas, with a gradual decline in 
invasive species beyond about 80-100 feet. Further. the effectiveness of invasions 
is related to suitable substrates (e.g., gaps or disturbances. which may be created 
by vegetation clearing) and dispersal ability of the invasive species, among other 
factors. 

Surface runoff on the project site will be controlled through engineering designs. 
The.-e is the potential for underground seepage, however, which may have a zone 
of influence that extends up to about 200 feet, depending on the substrate. The 
effects of trampling are primarily direct and limited to the area of impact, although 
associated trespa,;s hy humans can be an effective means of introducing nonnative 
species into the preserve. 

• Chemicals -- Literature indicates that the maJonty of pesticide drift from 
chemicals will extend less than 35 feet from the source. Although the effects of 
fertilizers are typically localized, these compounds may be more widely dispersed 
through surface runoff or seepage. Atmospheric pollutants from cars can 
adversely affect plants, particularly where traffic density is very high; however, 
this may not be a factor in a residential development. 

A1a11agement Actiotis 

Management actions are expected to have varying degrees of effectiveness in reducing 
negative effects of identified spinellower risk factors. For example, the project proposes 
to control alterations in surface and subsurface hydrology ttuough engineering designs. 
Restrictions on Landscaping palettes, irrigation, and habitat disturbance adjacent to the 
preserve will reduce the potential for ornamental, invasive species in the preserve by 
limiting both the source material and appropriate site conditions for colonization. 
However, these restrictions do not address nonnative, weedy species that are already 
present in the area, and which have also been identified a~ major risk factors to 
spincflower persistence. 

Table 2 overlays various management measures and buffer widths for each risk factor to 
assess their combined effectiveness in controlling edge effects. This analysis considers a 
wide range of management measures, not just those considered to be the most effective in 
controlling edge effects. These recommendations may not be comprehensive, and their 
effectiveness can only be roughly estimated al this time, based on the known biology of 
the species and conditions on the Ahmanson Ranch. Ranking of these measures also does 
not consider implementation or enfo1·cement feasibility for each measure. 
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TableZ 
ESTIMATED MANAGEMENT AND BUFFER EFFECTIVENESS 

FOR REDUCING EDGE EFFECTS 

RISK FACTORS/MANAGEMENT l\,fEASUltES BUFFER WIDTHS (FEET)1 

15 30-SO 80-100 100 
Invasive Animals 
• No Snecific Manal'feltlent Mensures2 L L L M 
• Restrict landscaping palettes adjacent to the 

preserve to exclude use of invasive exotic 
S""cies L L M H 

• Restrict irrigacion in and adjacent to lhe 
preserve L L M H 

• Maintain current surface md subsunaoe 
hydrofogical conditions within the preserve 
through c1111ineerim1 des~n of adiaceot are.as M M M M 

• Utilize french drains 10 minimize seepage on 
fill slooes, as determined necessarv H H H H 

• Inspect plants used in revegetation efforts 
in or adjacent to the prc-lierve for pest $pecics 
(e.2 .. Antentine ants) L L M H 

• Avoid use of barriers (e.g., walls) with 
subsurface footings within or adjacent to the 
oreserve H H H H 

• Implement a bait control program for 
Argentine ants, as detennioed necessary 
throueh mooitorin11 L L M M 

• Bell cats in residential areas adjacent to the 
preserve and educate homeowners on the 
dank.er of coyotes to free-roaminrt cats L L M M 

• Maintain habitat connectivity between 
preserve areas to encourage native predat()(S 
in the preserve (thereby reducing populations 
of nonnative predators) and allow foc 
recolonization of edge areas by native 
mammals L M M H 

• Minimize internal fragmentation (e.g., roads, 
trails) and close unnecessary existing dirt 
roads M H H H 

• Construct barriers to ell.elude nonnative 
animals te.t>., doll's) M M M M 

Increased Fire Frequency 

• No S""cific Manaeement Measures2 L L L M 
• Implement a weed control program to reduce 

fine fuel ca11acitv in fire-susceptible habitats L L M M 
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Table 2 {continued) 
ESTIMATED MANAGEMENT AND BUFFER EFFECTIVENESS 

FOR REDUCING EDGE EFFECTS 

:RISK FACTORS/MANAGEMENT MEASURES BUFFER WIDTIIS (FEET) 1 

15 30-50 80-100 200 
Increas-ed Fire Freauenev {continued} 
• Implement prescribed burning if shown to be 

advantageous 10 spineflower persistence and 
if allowed within the preserve by fire oontrol 
a1?encies M M H H 

• Restrict the use of construction or utility 
maintenance equipment in or adjacent to the 
preserve l<> avoid or minimize potential fires 
due to sparking (e.g .. metal blades from 
bulldozers or other construction equipment 
strikin~ rocks) or downed electrical lines M M M M 

Invasive Plants 
• No Snecific Maoal!ement Measuresi L L M H 
• Restrict landscaping palettes adjacent to the 

preserve to exclude use on invasive exotic 
S""cies L L M H 

• Restrict irrieation adiacent to the oreserve L L M H 
• Maintain fuel breaks outside pruerve 

boundnrv L UM M H 

• Minimize or prohibit vegetation clearing 
within the Dreserve (e.e., roads, trails) H H H H 

• Restrict vege1ation detlfiog immediately 
adiacent to the Dreserve L L M H 

• Restore cleared areas with native species as 
soon as possible, subject to other 
conservation obicctivcs M M H H 

• Maintain cunent surface and subsurface 
hydrological conditions within the preserve 
through engineering design of adjacent 
develooed areas M M M H 

• Utilize french drains to minimize seepage on 
fill slnnes, as determined necessarv H H H H 

• Control inv11sive weeds within the preserve 
and adjacent lo lhe preserve (mo~t 
annrooriate methodf s] to be determined} L L M H 

• Reduce potential for invasion by weedy 
species by restoring selected dis1urbe<l areas 
within the preserve and adjacent lo the urban 
boundarv lo reduce disturbance 2aDs M M H H 

Cm1.<ervuti,m Biology lt1.wi1111e 18 

300 

H 

M 

H 

H 
H 

H 

H 

H 

H 

H 

H 

H 

H 

1119/0() 



Table 2 (continued) 
ESTIMATED MANAGEMENT AND BUFFER EFFECTIVENESS 

FOR REDUCING EDGE EFFECTS 

RISK FACTORS/MANAGEMENT MEASURES BUFFER WIDTHS (FEET) 1 

15 30.50 80-100 200 
Invasive Plants (C011tinued) 
• Reduce potential for invasion by weedy 

species by selecting sites for habitat 
enhancement or species reintroduction that 
minimize the ootential for weed invasion M M M H 

Vu:etation Cleati02 
• No S,,,.,,ific Mana!!ement Measures1 L L M H 

• Site fire or fuel breaks outside preserve 
boundaries L L M H 

• Minimize or prohibit vegetation clearing 
within the oreserve (e.2 .• roads, trails) H H H H 

• Rcs1ore cleared areas with native species as 
soon as possible. subject to other 

M M H H conservation objectives 
Increased Water Supply 
• No Soecific Mana11emenl Measures' L L M H 
• Maintain current sunace and subsurface 

hydrological conditions within tile preserve 
through engineering design of adjacent 
develoved areas M M M H 

• Utilize french drains to minimize seepage on 
fill stones, as detennined necessarv H H H H 

• Divert runoff from roads away from lhe 
Dreserve M M M H 

• Restrict irrieation adiacent to the Dreserve L L M H 
Trampling 
• No Sni!tific Mana1i:ement Measuresl L L M H 
• Construct solid barriers to exclude or restrict 

Dedeslrian traffic H H H H 
• Prohibit motorized vehicles, bicycles, and 

equestrian uses within the preserve H H H H 
• Eliminate or reroute trails through the 

preserve to avoid sensitive biological 
resources M M H H 

• Erect signs denoting boundary of the 
preserve and permitted uses M M H H 

• Initiate an educational program (kiosks, 
infonnation brochures, school programs, 
docent oroeram) M M H H 
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Table 2 (continued) 
ESTIMATED MANAGEMENT AND BUFFER EFFECTIVENESS 

FOR REDUCING EDGE EFFECTS 

RISK FACTORS/MANAGEMENT MEASURES BUFFER WIDTHS (FRET) 1 

1S 30-S0 80-100 200 
Chemicals 

• No Snr,cific Manaii:ement Measuresl L M H H 
• R<.';1;1rict use of herbicides within the preserve. 

and avoid use of pesticides within aod 
adjacent to the prese.rve; herbicides must 
have no toxic eff<ICIS on invertebrates M H H H 

• Avoid use of hetbiddes and pesticides under 
conditions that would promote pollution 
drift (e.2 .• windy conditions) L M H H 

• Avoid use offertilizen: within and adjacent 
to the oreserve M M H H 

300 

H 

H 

H 

H 

Estimated effectiveness rankings: Low (L) = Unlikely to be effective; Moderate {M) = moderately 
effective; High (H) = highly likely lo be effective, 

Rankings indicate buffer effectiveness only (see Table I). and are provided for comparison purposes. 

Depending on buffer width and proposed land uses adjacent to the preserve, many of the 
recommended )and use restrictions will require cooperation from homeowners. In 
addition, management measures in Table 2 are not weighted. It may be that some 
measures ranked as low are highly effective when combined with other measures. 
Conve.rse.ly, some measures ranked high may be less important in minimizing risk factors 
than other measures with lower rankings (e.g., inspecting plants used in revegetation 
efforts versus restricting irrigation adjacent to the preserve). In some cases, there may be 
conflicts between various management measures. For example, a solid barrier would be 
highly effective in restricting human access and associated trampling effects. However, if 
the barrier includes subsurface footings, it may encourage nesting of Argentine ants. 
Some of the measures presented below may conflict with other objectives of spineflower 
protection, as well (e.g., habitat restoration). It is presumed that these measures will be 
refined during development of a detailed conservation strategy and management program 
for the spineflower. Finally, rankings in Table 2 consider individual effects only, and do 
not address the potential benefits of cumulative management measures. Combinations of 
certain management actions may have an enhanced capacity to address certain risk 
factors, as discussed in a later section of this document. 

Table 2 indicates that individual management measures do, in fact, vary in their 
effectiveness for a specific risk factor. This makes it difficult to easily discern which 
buffer width would be expected to reduce a given risk factor to an adequate or acceptable 
level. Using a lowest common denominator approach (i.e., grouping risk factors 
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according to the least effective management measure) results in the following ranking of 
risk factors, based on both management actions and buffer widths: 

• Invasive Animals and Increased Fire Frequency -- Based on this analysis, 
invasive animals and fire frequency are considered the highest risk factors to the 
spineflower because they require the largest buffer width (>300 feet) in order for 
all management measures to be highly effective. Management measures for both 
risk factors are considered moderately effective at 80-100 feet. 

• Invasive Plants, Vegetation Clearing, and Increased Water Supply -
Management measures for these three factors are all considered moderately 
effective at a buffer width of 80-100 feet and highly effective at widths of 200 feet 
or grenter. Because control of these factors can presumably be achieved at 
narrower buffer widths than the factors above, they are given a lower ranking in 
terms of risk to the spineflower than either invasive animals or fire frequency. 

• Chemicals and Trampling -- All management measures for these risk factors are 
considered moderately effective at buffer widths of 30-50 feet and highly effective 
at buffer widths of 80 feet or greater. Therefore. these factors are given the lowest 
ranking in terms or risk to the spinetlowe1·. assuming management measures are 
implemented. 

DISCUSSION 

The analyses above assume that (1) risk factors are e<JUivalenl in their potential 
detrimental effects on spineflower persistence and (2) management measures are equally 
effective in ameliorating edge effects to the spineflower. Neither of these assumptions is 
likely to be valid, although the infonnalion needed to verify this is not available. Ranking 
of risk factors as a resuh of the combined effect of buffer width and management actions 
focused on individual management measures, and did not consider the interaction 
between different measures. For example, different levels of effectiveness may be 
achieved when management measures are combined. Even though some measures may 
be ranked low in effectiveness, they could increase in value when combined with other 
measures. For this reason, measures with low rankings are generally still considered 
important. Some management measures may not be as effective as others. They could 
override the positive effects of more effective measures or at least result in situations 
where management measures are effective for one component of a risk factor and less 
effective for others. Finally, it should be noted that there is no descriptive model for the 
spineflower or related taxa to demonstrate how this species may respond to either the risk 
factors or management measures. Risk factors are discussed below with respect to 
expected management effectiveness as a result of either management measure interactions 
or shortcomings. 

I. Invasive A11imals. Eleven management actions have been recommended 10 reduce 
edge effects due to invasive animal species. [nvasive animals have a high potential to 
adversely affect the spineflower, ahhough no such effects have yet been documented. 
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Of particular concern are (a) changes in soil moisture conditions that could alter 
habitat for rodents (potential seed dispersers) or encourage invasion of .spineflower 
habitat by Argentine ants; (b) introduction of nonnative animal species (e.g., 
Argentine ants) on plant materials or along roads; and (c) habitat fragmentation that 
could lead to reduced levels of native predators (e.g., coyotes) and concomitanl 
increases in nonnative predators (e.g., cats) that could affect rodent populations. 
ControlHng irrigation and maintaining habitat connectivity between the spineflower 
preserve and other open space areas in order to encourage native predators in the 
preserve will be key issues in management effectiveness for this risk factor. Despite 
the potential seriousness of invasive animals on spineflower persistence, it appears 
that management measures are available to control the most detrimental aspects of 
animal invasions, given adequate buffer widths and appropriate preserve design. 

2. Increased Fire Frequency. None of the buffer widths considered in this analysis 
would be effective in stopping the spread of fire into the pre.serve from adjacent areas, 
but three management measures have been recommended to reduce the frequency and 
intensity of fires within the preserve. At this time, the effect of fire on th.e 
spineflower is not known. It can be assumed. however. that frequent or intense fires 
would be detrimental to individual spineflowers and spineflower habitat. Changes in 
natural fire cycles are related, in part, to the presence of fine fuels (especially 
nonnative grasses) within the preserve. While complete removal of grasses within the 
preserve is highly unlikely, a weed control program can potentially reduce nonnative 
grass cover and inhibit the spread of grasses into currently unoccupied areas of the 
preserve. Despite weed control measures within the preserve, reinvasions may occur 
from sources out,;ide the preserve, and the probability of such reinvasions increases 
with narrow buffer widths (<80 feet). 

3. Invasive Plants. Eleven management actions have been recommended to reduce edge 
effects due to invasive plant species. While some of these measures were ranked as 
having low effectiveness at narrow buffer widths, they are still important in reducing 
overall invasiveness, particularly in combination with other measures. For example, 
restrictions on landscaping and irrigation adjacent to the preserve, in conjunction with 
revegetation of disturbed areas, are expected lo reduce opportunities for invasion of 
nonnative ornamental plant species. The same combination of measures is not 
e.xpected to be as effective in reducing either the invasion or increasing dominance of 
nonnative weedy species already prese.nt in the area. Field studies have indicated that 
competition with these weedy species may already play a major role in limiting 
spineflower distribution. Because of the uncertainty of controlling additional weed 
invasions into the preserve. invasive plants may pose the highest risk factor to the 
spine flower. 

4. Vegetation C/eari11g. Three management actions have been recommended to reduce 
edge effects from this risk factor, and two of these are expected to be moderately lo 
highly effective even at relatively narrow buffer widths. Vegetation clearing is of 
concern because it provides gaps that facilitate invasions by nonnative plant species. 
This risk factor is considered relatively high because of its relationship to invasive 
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plants and the uncertainty of controlling this factor outside the preserve. For example, 
vegetation clearing will occur adjacent to the preserve during tile development 
process, and may be a long-term condition, depending on fuel break requirements. 
While weed control will likely occur within the preserve, there is a lesser chance of 
effective controls outside the preserve; thus, cleared areas outside the preserve may 
provide a constant source of propagules (seeds) for invasions into the preserve. At 
narrower buffer widths ( <80 feet), the potential for dispersal of invasive species into 
the preserve is relatively high. 

5. hlcrea.~ed Water Supply. This risk factor plays a key role in the success of nonnative 
plant and animal species invasions. Control of surface and soil moisture alone may 
be adequate to reduce invasions of nonnative ornamental plant species and I.he 
Argentine ant into the spinel1ower preserve. The ranking of this risk factor assumes 
that all recommended management measures (including irrigation restrictions) would 
be implemented. 

6. Chemicals. As with vegetation clearing, the greatest uncertainty in controlling this 
risk factor is expected to be the use of chemicals adjacent to the preserve. Edge 
effects from chemicals do not appear to have as wide a zone of influence as other risk 
factors, as evidenced by a high level of management/buffer effectiveness al 80-100 
feet, and at least moderate levels at 30-50 feet. The effects of chemicals on the 
spineflower are not known; however, they may affect both vegetation and pollinator 
populations. Any application of herbicides within the preserve (e.g., for weed control 
purposes) should be experimental in nature to detennine the effects on both 
vegetation and poJiinator populations. Placement of heavily traveled roads adjacent 
to the preserve should be evaluated relative to contribution to increased nitrogen 
levels in the soil 01· atmosphel'ic pollutants that could be detrimental to native rlant 
species or enhance growth of weedy species. 

7. Trampling. Trampling has the potential to directly damage spineflower plants, 
resulting in lowered reproductive success. Other potential trampling effects include 
the loss of vegetation cover and species diversity, and an increase in soil compaction 
or erosion. Some of these potential effects (loss of vegetation cover, soil compaction} 
might appear beneficial to the spineflower. However, they may also promote 
invasion of spineflower habitat by trampling-resistant plant species that may 
outcompete the spineflower and further alter site conditions. There is a high potential 
for effective control of this risk factor, however, with all recommended management 
measures having a moderate or high effectiveness at a buffer width of 30-50 feet. 
This effectiveness ranking assumes a solid barrier to inhibit trespass into the preserve. 
The use of subsurface footings for such a barrier should be discouraged, however, 
since I.hey may provide suitable nesting habitat for Argentine ants. 
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CONCLUSIONS 

In designing and managing effective buffers for preserves, it is useful to consider both 
potential risk factors to biological resources from urban areas and the penneability of the 
urban-wildland ooundary to those factors (Stamps et al. 1987; Kelly and Rotenbeny 
1993). The analysis and discussion above focused on (1) identifying potential risk factors 
and the ways they may negatively influence the spinetlower population, (2) assessing the 
permeability of the boundary to those risk factors, and {3) identifying methods of 
changing or managing the boundary permeability to reduce potential impacts. In cases 
where boundary permeability cannot be managed effectively, an increased setback or 
buffer between sensitive biological resources and the development boundary, coupled 
with intensive management efforts and land use restrictions near the preserve. may be 
required to conserve the spineflower population. 

Table 3 summarizes the overall effectiveness of management measures for each risk 
factor (based on the lowest common denominator) at each buffer width. Ranking of lisk 
factors in Table 3 reflects the increased effectiveness in controlling risk factors when all 
management measures are combined for a given factor. For example, it appears that 
management measures. if implemented, may be more effective in controlling invasive 
animals than invasive plants. 

Table3 
SUMMARY OF COMBINED BUFFER WIDTH AND MANAGEMENT 

EFFECTIVENESS1 FOR REDUCING RISK FACTORS FOR THE 
SPINEFLOWER ON THE AHMANSON RANCH PROJECT 

RISK F ACTORS2 BUFFER WIDTHS (FEET) l 

IS 30-50 80-100 200 300 

Invasi11e Plants L L M H H 

Vegetation Clearing L L M H H 

Increased Fire Frequency L L M M M 

Invasive Animals L L M M M 

Increased Water Supply L L M H H 

Chemicals L M H H H 

Trampling M M H H H 

Eff«tiveoess rankings in Table 3 reflect the lowest common denominator for each risk factor, or the 
least effective management measure. 
Risk factors are listed according to the level of threat they present to the spineflower (i.e .. highest lhreat 
to lowest threat), assuming all management measures in Table 2 are implemented. 
Estimated effectiveness rankings: Low (L} = Unlikely to be effective; Moderate (M) ::: moderately 
effective: High (H)::: highly likely to be effective. 
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Based on this analysis. it is estimated that a buffer width of 15 feet, in combination with 
~pecific management measures. would be moderately effectively in controlling l risk 
factor (trampling) and unlikely to be effective in controlling the remaining 6 factors. A 
buffer width of 30-50 feet. in combination with management, would be moderately 
effective in controlling 2 risk factors (trampling and chemicals) and unlikely to control 5 
factors. A buffer width of 80-100 feet, in combination with management measures, 
would be moderately effective in reducing the 5 greatest risk factors to the spineflower 
and highly effective in reducing the remaining risk factors. There appear to be no 
detectable differences in buffer effectiveness between 200 and 300 feet based on the 
literature reviewed. At both distances, management measures would be highly effective 
for 5 risk factors and moderately effective for the remaining 2 risk factors. Selection of 
an appropriate buffer/management package should focus on achieving an acceptable level 
of effectiveness in reducing the high.est risk factors. 
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Callfomia Department of Public Health 
Division of Communicable Disease Control 

Valley Fever Fact Sheet 

What is Valley fever? 

Valley fever (also called coccidioidomycosis or "cocci") is an infectious disease caused 
by the Coccidioides fungus that lives in the soil and dirt in certain areas of California and 
the southwestern United States. If you breathe in this fungus from dust in the air, it can 
infect your lungs and cause symptoms such as cough, fever, chest pain, or tiredness. 
Some people with Valley fever may develop severe disease, which may require 
hospitalization. In rare cases, ttle infection can spread beyond the lungs to other parts 
of the body (this is called disseminated Valley fever). 

In California, the number of reported Valley fever cases has greatJy increased in recent 
years. Since 2000, the number of cases has increased from less than 1,000 cases to 
more than 9,000 cases in 2019. 

How do people get Valley fever? 

People can get Valley fever by breathing in dust that contains spores of the 
Coccidioides fungus. Like seeds from plants, a fungus grows and spreads from tiny 
spores that are too small to see. When sol or dirt are stirred up by strong winds or while 
digging, dust containing these fungal spores can get into the air. Anyone who lives, 
works, or visits in an area where the Valley fever fungus grows can breathe In these 
fungal spores without knowing it and become infected. 

Animals, including pets, can also become infected by breathing in fungal spores. Valley 
fever is not contagious and cannot spread from one person or animal to another. 
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When and where do people get Valley fever? 

People can get Valley fever any time of the year. but more people are likely to be 
infected with the fungus that causes Valley fever in the late summer and fall than at 
other times of the year. 

People are more likely to get Valley fever if they live, work, or visit in areas where the 
fungus grows In the soil or is in dust in the air. There is no test available to see if the 
Valley fever fungus is growing in the soil in certain areas, but we do know that Valley 
fever has been diagnosed in people living in counties throughout California. Most cases of 
Valley fever in California (over 65%) are reported in people who live in the Central Valley 
and Central Coast regions. The map below shows the rates of reported Valley fever 
cases by county in California, with darker shaded counties having higher rates than lighter 
shaded counties. 

Valley fever rates. 
Callfornta, 2018 
0 <5 
lal5·9 
- 10-39 
- 40-99 

.. 

Rates of reported Valley fever cases per 100.000 populallon. 
Oerktst colortd counUes had the highest ratas of Valley fever. 

Outside of California, Valley fever occurs In Arizona, and some areas of Nevada, New 
Mexico, Utah, and Texas. and parts of Mexico and Central and South America. 
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What are the signs and symptoms of Valley fever? 

Most people (about 6 in 10) infected with Valley fever have no symptoms, and their 
bodies will fight off the infection naturally. People who do get sick usually develop 
symptoms 1-3 weeks after breathing in the fungus. 

Valley fever usually infects the lungs, and some people can develop respiratOl'y 
symptoms or pneumonia (a lung infection). People who get sick may have some of the 
following symptoms: 

• Fatigue (tiredness) • Headaches 
• Cough • Muscle or joint aches 
• Chest pain • Night sweats 
• Fever • Unexplained weight loss 
• Rash on upper body or legs 

Some of these symptoms are similar to those of other common illnesses (including 
COVID-19 and the flu), but Valley fever symptoms can last a month or more. 

Most people fully recover from Valley fever. In rare cases, Valley fever can spread to 
other parts of the body and infect the brain, joints, bone, skin, or other organs. This form 
of Valley fever can be very serious and fatal. 

How is Valley fever diagnosed and treated? 

If you have Valley fever symptoms that last more than a week, talk to a healthcare 
provider. Since Valley fever symptoms are similar to those of other common illnesses, 
your provider may order a blood lest or other tests (such as a chest x-ray) to help 
diagnose Valley fever. 

Treatment may not be needed for mild infections, which can sometimes get better on 
their own. However, all people with symptoms shoukl see a healthcare provider who 
can determine if treatment is needed. There are no over-the-counter medications to 
treat Valley fever. 

If you are diagnosed with Valley fever, it is very important to follow the instructions given 
by your healthcare provider about treatment, follow-up testing, and appointments. 

If a person has had Valley fever before, can they get it again? 

If a person has already had Valley fever, their immune system will most likely protect 
them from getting it again. Although it is rare, some people who have already had Valley 
fever could get sick again if their immune system weakens because of certain medical 
conditions (such as cancer) or by taking certain medications, like those for cancer, 
organ transplant. or autoimmune disease. 
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Are certain people at greater risk for Valley fever? 

Anyone can get Valley fever, including healthy adults and children. Certain groups may 
be at higher risk of getting Valley fever, and other groups may be at higher risk of 
having severe or disseminated disease if infected. 

People at higher risk of getting Valley fever: 

People who five, work, or travel in areas with high rates of Valley fever (see map 
above) may be at higher risk of getting infected than others, especially if they: 

• Participate in outdoor activities that involve close contact to dirt or dust, 
including yard work, gardening, and digging 

• Live or work near areas where dirt and soil are stirred up, such as 
construction or excavation sites 

• Work in jobs whefe dirt and soil are stirred up or disturbed, including 
construction, fanning, military work, and archaeology 

o If you work in a job where dirt or soil is disturbed in a place where 
Valley fever is common, you and your employer may want to review 
the CDPH website for preventing work-related Valley fever. 

More cases of Valley fever have been reported among men than among women, 
and among adults than among children. Work and outdoor exposure among adult 
men may explain the higher rates of Valley fever in this group. 

People at higher risk of having severe or disseminated Valley fever if 
infected: 

• Older adults (60+ years old) 
• People who are Black or Filipino 
• Pregnant women, especially in the later stages of pregnancy 
• People with diabetes 
• People with health conditions that weaken their Immune system such as: 

o Cancer 
o Human immunodeficiency virus (HIV) infection 
o Treatment with chemotherapy, steroids, or other medications that 

affect the immune system 
o Organ transplant 

How can I help reduce my risk of getting Valley fever? 

It is very difficult to avoid breathing In the Valley fever fungus in areas where it is 
common in the environment. People who live, work, or travel in these areas can try to 
avoid spending time in dusty areas as much as possible to reduce the risk of breathing 
in the Valley fever fungus from dust in the air. There Is no vaccine to prevent Valley 
fever. 
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Some practical tips may help reduce the risk of getting Valley fever. It is important to 
know that these steps have not been proven to prevent Valley fever. 

Avoid dust in places where Valley fever is common (where Valley fever rates are 
high): 

• Stay illSide and keep windows and doors closed when it is windy outside and the 
air is dusty, especially during dust storms. 

• Consider avoiding outdoor activities illat involve close contact to dirt or dust, 
including yard work, gardening, and digging, especially if you are in one of the 
groups at higher risk for severe or disseminated Valley fever. 

• Cover open dirt areas around your home with grass, plants, or other ground 
cover to hefp reduce dusty, open areas. 

• Whffe driving in these areas, keep car windows closed and use recirculating air, if 
a\tailable. 

• Try to avoid dusty areas. like construction or excavation sites. 
• If you cannot avoid these areas, or if you must be outdoors in dusty air, consider 

wearing an N95 respirator (a type offace mask) to help protect against breathing 
in dust that can cause Valley fever. 

o N95 respirators are available at drugstores and hardware supply stores. 
o To be effective, N95 masl<s must be fitted properly. Instructions can be 

found on several websites, including the U.S. Centers for Disease Control 
and Prevention instruction video for using disposable respirators. 

When digging in dirt or stirring up dust in areas where Valley fever is common: 
• Stay upwind of the area where dirt ls being disturbed. 
• Wet down soil before digging or disturbing dirt to reduce dust. 
• Consider wearing an N95 respirator (mask). 
• After retuming Indoors, change out of clothes If covered with dirt. 

o Be careful not to shake out clothing and breathe in the dust before washing. 
If someone else is washing your clothes, warn the person before they 
handle the clothes. 

What is being done about Valley fever in California? 

The California Department of Public Health (CDPH) and local health departments track 
cases of Valley fever and monitor the number of people who get sick with Valley fever In 
California. 

CDPH also reviews data and investigates outbreaks of Valley fever to better 
understand: 

• Where Valley fever is most common 
• Who is most affected by Valley fever 
• If disease trends of Valley fever are changing 
• How people can reduce their risk of getting Valley fever 
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CDPH also works to raise awareness of Valley fever among heatthcare providers and 
the public and provides information to employers to help prevent Valley fever in the 
workplace. 

Where can I get more lnfonnation about Valley fever? 

Contact your focal health department or visit CDPH's Valley fever website for more 
information about Valley fever. You can also visit the CDC's Valley fever website. 

Updated June 2021 
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VALLEY FEVER 

&n Espanol HTagalog 

Anyone, even healthy adults and children, can get Valley fever after breathing In the Valley fever fungus 

from dust in outdoor air, especially in the Central Valley or Central Coast areas of California. Certain 

people have a higher' l'isk of getting Valley fever, especially those who spend more time outdoors and are 

el<posed to dirt and dust. Other groups have a higher risk of getting very sick from Valley fever and being 

hospitalized if they are infected. 

https:l/www.odph.ce.gov/Program8/CIDIDCOC1PagesNallev~~,Grou!)sAtRisk.aepx 115 



6/16125, 10:52 AM Groups at Rislc 1ar Valley Feve, 

Groups at Risk for Valley Fever 

People at higher risk of getting VaUev fever include: 

People who live, work, or travel in areas with llig,h rates of Valley fever, especially if they: 

• Participate in outdoor activities that involve <lose contact with dirt or dust, including digging projects or 
landscaping 

• Live or work near areas where dirt and soil are stirred up, such as oonstruction or excavation sites 
• Wori< in jobs wllere dirt and soil are stirred up or disturbed, including construction, fleld work, military work, and 

archaeology 
o If you work in a job whece dirt or soil is disturbed in a place where Valley feveris common, you and your 

employer should review the CDPH website for preventing work-f.tated valley fever. 

SOME PEOPLE ARE MORE LIKELY TO GET 
VALLEY FEVER, ESPECIALLY IF THEY: 
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Work tnJobs where <Urt and soil are 
at.irred up or disturbed, tncludlng 
oonstruct1on, fa.rmlng, m1lttary work, 
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People at higher risk of scvm V4llfiY. fe~c2! gJ:Uiag.Bty..tid if they are infec.ted include: 

• Oltfpr ;itlult~ /t;n+ vP~r~ "ltll 
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• People who are Black or Filipino 
• Pregnant women, especially in the later stages of p~gnancy 

• People with dia~tes 
• People with health conditions that weaken the Immune system, such as: 

° Cancer 
o Human immunodeficiency virus {HIV} Infection 

o Autoimmune illnesses 

o Treatment with chemotherapy, steroids, or other medications that affect the immune system 
o Organ transplant 

SOME PEOPLE ARE MORE LIKELY TO GET 
VERY SICK IF THEY HAVE VALLEY FEVER: 

Older adults 
(60+ years old) 
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lat.er stages of 
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• Ruman 
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v1:rUs (mv) lDfectJ.on 

• Aut.otmmune illn.es11es 

• Tre&tment with 
chemotherapy, 
sterc,1<18, or otller 
medications that 
a.iroot the 1mm:une 
system 

• Orgs.n transplant 
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Executive Summary 

Recent literature on the effects of noise in the environment has shown that the world is becoming 
a noisier place and that the effects of chronic noise exposure on terrestrial animals, including birds, 
could be significant. Fmthennore, with population increases and urbanization, traffic and road 
construction are major and increasing sources of environmental noise. 

A. Oven,iew of this Guidance Document 

There is a long-standing concern that roadway construction noise and subsequent traffic noise may 
be detrimental to wildlife, and especially birds, which relies heavily on acoustic co1M1unication. 
The Endangered Species Act provides additional. compelling, motivation for understanding the 
effects of traffic and construction noise on federally listed bird species that are in danger of 
extinction. Effects of construction and/or traffic noise may be nonexistent in certain circumstances, 
such as when the level of these noises is below natural ambient noise levels, and insignificant in 
other circumstances, such as when the noise adds very little to existing ambient noise levels. 

In contrast, construction or traffic noise that adds significantly to natural ambient noise has tltc 
possibility of producing a suite of significant short- and long-term behavioral and physiological 
changes in birds. These may include changes in foraging location and behavior; interference with 
acoustic communicate between conspccitics; failure to recognize other important biological 
signals, suclt as sounds of predators and/or prey; decreasing hearing sensitivity temporarily or 
permanently; and/or increasing stress and altering steroid hormone levels. Any of these effects 
could ]lave long-term consequences and enduring impacts that include interference with breeding 
by individuals and populations, thereby threatening the survival of individuals or species. 

This Guidance Document is an updated version of the 2007 report entilled The ~{feels of Highway 
Noise on Birds prepared by the authors (Dooling & Popper, 2007}. 

B. Definitions 

Several tenns are used in this report. Some of these tenns have multiple meanings and are defined 
herein. Other terms arc defined in the glossary. 

o Construction Noise: Noise produced during the construction of a roadway. 
o Effects: Any response by birds to traffic and construction noise. This simple definition 

does not invoke or imply regulatory definitions of "effect" as found in any law or 
regulation affecting birds. 

o Roadway: Any paved road on which there is vehicular traffic. 
o Traffic Noise: Noise produced by vehicles on any paved roadway, ranging from highways 

to single-lane streets. 
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C. Findings 

A review of relevant literature provided insight on several important issues regarding the effects 
of traffic and construction noise on birds. 

I) Stress and physiological effects: 
a) There are no studies definilively identifying traffic noise as the critical variable affecting 

bird behavior near roadways and highways. 
b) There are weJl•documented adverse effects of sustained traffic noise on humans, including 

stress, physiological and sleep disturbances, and changes in feelings of well-being that may 
be applicable to birds. 

c) Traffic and construction noise below a bird's masked threshold has no effect. 

2) Acoustic overexposure: 
a) Birds are more resistant to both temporary and permanent hearing loss or to hearing 

damage from acoustic overexposure than are humans and other animals that have been 
tested. 

b) Birds can regenerate the sensory hair cells of the inner ear, thereby providing a mechanism 
for recovering from intense acoustic overexposure, a capability not found in mammals. 

c) The studies of acoustic overexposure in birds have considerable relevance for estimating 
hearing damage effects of traffic noise, non-continuous construction noise. and for 
impulsive-type com;truction noise, such as th.at from pile driving. 

3) Masking: 
a) Continuous noise of sufficient intensity in the frequency region of bird hearing can have a 

detrimental effect on a bird's ability to detect and discriminate between the vocal signals 
of other birds. 

b) Noise in the spectral region of the vocalizations has a greater masking effect than noises 
outside this range. Thus, traffic noise will cause less masking than other environmental 
noises of equal overall level but that contain energy in a higher spectral region (around 2-
4 kilohertz [kHz]) (e.g., insects, vocalizations of othet' birds). 

c) Generally, human auditory thresholds in quiet and in noise arc better than that of the typical 
bird; therefore: 

(I) The typical human can hear a single vehicle. traffic noise, and construction noise 
at a much greater distance from the roadway than can the typical bird. This fact 
provides a valuable, common sense, easy-to-apply risk criterion. 

(2) However, the typical human is also able to hear a bird vocalizing in a noisy 
environment at twice the distance that a typical bird, which suggests, in this case, 
that relying on human heal'ing as the primary criterion seriously underestimates the 
effects of noise on bird communication. 

d) 1-'rom knowledge of: (i) bird hearing capabilities in quiet and noise, (ii) the Invel'sc Square 
Law, (iii) excess attenuation in a pa11icular environment, and (iv) spccics•specific acoustic 
characteristics of vocalizations, reasonable predictions can be made about possible 
maximum communication distances bctw~n lwo birds in continuous noise, 
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e) The amount of masking of vocalizations can be predicted from the peak in the total power 
spectrum of the vocalization and the bird's cricical ratio (i.e., signal-to-noise ratio) at that 
frequency of peak energy. 

f) Birds, like humans and other animals, employ a range of short-tenn behavioral strategies. 
or adaptations, for communicating in noise resulting in a doubling to quadrupling of the 
efficiency of hearing in noise. 

4) Dynamic behavioral and population effects: 
a) Any components of traffic noise that are audible to birds may have effects independent of 

and beyond the effects listed above. At distances from the roadway where traffic noise 
levels fall below ambient noise levels in the spectral region for vocal communication (i.e., 
2-& kHz) (Figure ESI), low-level but audible sound in non-communication frequencies 
(e.g., the rumbling of a truck) can potentially cause may cause physiological or behavioral 
responses). Because the more recent literature points to noise as possibly having wide• 
ranging effects on birds, the additive effects of traffic noise and environmental noise must 
be considered beyond solely the effects due specifically to traffic noise. 
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Weighted Spectra Hd Overall Levels' 

5) Extrapolation of data from humans and birds lo other species: 
a) Since there is substantial variation in bird hearing and behavior, considerable care must be 

taken when trying to extrapolate data between species, particularly when the species have 
different hearing capabilities and acoustic behaviors. 

b} Data on hwnan hearing has some relevance to understanding effects of sound on birds. In 
particular, data on physiological effects in humans may have general implications for birds, 
but applications to specific situations will require additional study. 

6) Much more data are needed on: 

1 Figure from: http://www.dot.ca.gov/hq/env/noise/online _training_module l /slides/slideSO.htm 
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a) Physiological effects of sound on birds. 
b) How responses vary between species with regard to masking, hearing loss, and hearing 

recovery. 
c) Hearing in young animals and how it compares to adult hearing. 
d) Additional, carefully selected species so there is a large enough database from which to 

allow extrapolation between species and enable broader generali7.ations regarding the 
effects of noise on birds. 

e) A broader range of studies, as discussed in detail in Appendix F. 

The authors suggest the interim compliance guidelines in Figure ES2 and Table ES I and a science
based approach, using human and avian data from both the laboratory and the field, to address 
potential impacts of noise on bird species. 
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This Guidance Document reviews four classes of potential effects of traffic noise on birds, as 
discussed below. The basis for the guidelines for each of the classes differs. Table ES 1 provides 
specific interim criteria. 
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I. Behavioral tmdlor physiological effects: There are no definitive studies showing that traffic 
noise exclusively (as opposed to correlated variables) has an adverse effect on birds. While 
a wealth of human data and experience suggest traffic noise could have a number of 
adverse effects, there are several studies (e.g., Awbrey et al., 1995) showing that birds (as 
welJ as other animals) adapt quite well, and may even appear to sometimes prefer, 
environments that include high levels of traffic noise. Given tl1e lack of empirical data on 
this point, it is recommended that subjective human experience with the noise in question 
be used as an interim guideline to estimate acceptable noise levels for avoiding stress and 
physiological effects. Noise types and levels that appear to increase stress and adverse 
physiological reactions in hwnans may also have similar consequences in birds. 

2. Damage lo hearing/ram ac:uustic overexposure: While many behavioral and physiological 
studies lack spec.ificity, there are many definitive studies showing precise effects of 
intense noise on bird hearing and auditory structures. These extensive data show that birds 
are much more resistant to hearing loss and auditory damage from acoustic overexposure 
than are humans and other mammals. Traffic and construction noise, even at extreme 
levels, is unlikely to cause threshold shift, hearing loss, auditory damage, or damage to 
other organ systems in birds and, therefore, interim guidelines for hearing damage in birds 
from traffic and construction noise are probably not needed. Nevertheless, in rare instances 
where hirds may be in close proximity to construction noise sources, such as impulse noise 
from pile driving, such noises may reac.h high enough levels to cause damage to auditory 
structures in birds. 

3. Masking af communication signals and oJher biologically re!evam sounds: Many laboratory 
masking studies precisely show the effects of continuous noise (including traffic noise) on 
sound detection in over a dozen species ofbirds. ln a sense, these studies describe a "worst 
case'' scenario because the noise is continuous and the myriad of short-term adaptive 
behavioral responses for mitigating the etfects of noise are not available to the bird in a 
laboratory test situation. These masking studies led to an overall noise level guideline of 
around 60 A-weighted decibels {dBA) for continuous noise. A number of things have 
changed since this 60-dBA criterion was first suggested. Controlled laboratory and field 
studies have now shown that there are differences among bird species in signal-to-noise 
ratios at masked threshold. It i.s also now quite clear that probably all species of birds can 
use various short-term, adaptive behavioral responses in their natural environments to 
improve their signal-to-noise ratio. In other words, critical ratios vary across bird species 
by as much as JO dB, strongly suggesting that acoustic communication in some species 
might be affected by an overall traffic and construction noise level of even less than 60 
dBA. For some other bird species, communication between individuals, especially if they 
can employ short-term behavioral strategies for hearing in noise, might be unaffected at 
even higher levels of noise, perhaps approaching 70 dBA. These short-term behavioral 
adaptations include scanning (head turning). raising vocal output, and changing singing 
location. Each of these strategics alone can resull in a significant gain in signal level or 
signal-to-noise ratio (under masking conditions) of about IO dB, and birds can employ all 
three strategies simultaneously. 
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4. Praclical guidelines arising from masking s!udies: The following are common sense, 
practical guidelines that emerge from basic hearing knowledge of birds and hwnans
specifically, the 6-decibel (dB) difference in masking (critical ratio) functions between 
typical bird and human listeners with normal hearing. l) Humans can hear traffic noise, in 
a natural environment, al twice the distance from the roadway than can birds. In other 
words, if, in a natural environment, distant traffic noise is harely audible to humans, it is 
certainly inaudible to birds and will have no effect on any aspect of their acoustic behavior. 
2) Humans can hear a bird singing against a background of noise at twice the distance than 
can the typical bird. This provides an informal estimate of maximum communication 
distance between two birds vocalizing against a background of continuous traffic noise. 
This works not only for the typical bird, but it is probably also valid for most species. 

Table ESI. Recommended Interim Guidelines for Potential Effttts from Different Noise Sources 

Noise Source Type 
Hearing TTS Ma5king Pottntial Behavioral/ 
Dama2e Phvsiol<>2ical Ellects 

Single Impulse (e.g., Any audible component 
starter's pistol 6" from 140dBA1 NAl NAS of traffic and construction 
the ear noise has the potential of 
Multiple Impulse (e.g., 

125 dBA' NA' Ambient dBA" 
causing behavioral and/or 

iack hammer, pile driver) physiological effects 
Non-Strike Continuos 

None2 93 dBA4 Ambient dBA" 
independent of any direct 

( e.~ .• construction noise) effocts on the auditory 
Traffic and Construction None2 93 dBA4 Ambient dBA <• system of PTS. TIS, or 
Alarms (97 dB/100 ft) Nonc2 NA2 NA1 masking 
TTS • temporary threshold shift 
dBA c A-weighted decibel 
PTS =permanent threshold shift 
1 Estimates based on bird data from Hashino et al. ( 1988) and other impulse noise exposure studies in smnll 

mammals. 
2 Noise levels from these sources do not reach levels capaMe of causing auditory damage and/or permanent 

threshold shill based on empirical data on hearing loss in birds from the laboratory. 
3 No da1a available on TTS in birds caused by impulsive sounds. 
4 Estimates based c,n study of TIS by continuous noise in the budgerigar and similar studies in small 

mammals. 
5 Cannot have masking to a single impulse. 
6 Conservative estimate based on addition of two uncorrelated noises. Above ambient noise levels, critical ratio 

data from 14 bird species, well-documented short•term behavioral adaptation slralegies, and a backgr-0und 
of ambient noise typical of a quiet suburban irea would suggest noise guidelines in lhl! r.inge of 50--60 
dBA. 

7 Alam1s are 11on-co11tinuous and. therefore, unlike Iv to cause maskine effects. 

These recommended guidelines for estimating the eflects that traffic noise has on masking in birds 
are interim guidelines for the following reasons. 

I. The interim guidelines are based on median data taken from masking studies done for a 
limited number of bird species. Thus, they represent the typical bird, based on the species 
studied. However, i< is important to recall that different bird species can differ 
considerably in how they hear in the presence of noise; some have masked thresholds that 
approach those of ltumans. while others have masked thresholds that are 3-4 dB worse 
than thresholds for the typical bird presented here. Therefore, final noise guidelines will 
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require testing more species with appropriate experimental adjustment for the species in 
question. 

2. Traffic noise characteristics are influenced by transmission through tile environment as are 
the spectral, temporal, and intensive aspects of bird vocalizations through differences in 
excess attenuation. In other words, there is inherent variability in estimating the signal-to• 
noise ratio at the bird's ear in a natural environment. Traffic or construction noise varies 
from moment to moment. And the level of the signal reaching the receiver's i.e., the bird) 
ears will vary depending on the location of both the sender and the receiver. Final 
guidelines will require more data to quantify this variation. 
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The Effects of Traffic Noise and Road Construction Noise on Birds 

I. Introduction, Overview, Direction 

Recent literature on the effects of noise in the environment has shown that the world is becoming 
a noisier place and that the effects of chronic noise exposure on terrestrial animals, including birds, 
could be significant (e.g., Barber et al., 2010; Pijanowski et al., 201 la; Pijanowski et al., 2011 b; 
Luther and Magnotti, 2014; Merchant et al., 2015). Furthennore, with population increases and 
urbanization, traffic and road construction arc increasing sources of environmental noise. 
However, because environmental noise is an inherently complex topic, it is important lo define 
and isolate the sources of variation in determining when noise producoo during the construction 
and operation of roadways has an impact on bird behavior and physiology. 

The Endangered Species Act provides additional compelling motivation for understanding the 
effects of traffic and roadway construction noise on federally listed species. Effects of such noise 
may be nonexistent in certain circumstances, such as when the sound k:vcl of traffic and 
construction noise is below natural ambient noise levels, and effects may be insignificant in other 
circumstances, such as when such noise adds very little to existing ambient noise levels. In 
contt"ast, construction or traffic noise that adds substantially to natural ambient noise has the 
polential to produce a suite of signiticant short• and long•term behavioral and physiological 
changes in birds. These may include Che following changes. 

• Changes in the selection of foraging locations. 
• Interference with acoustic communications between conspecifics. 
• Failure to recognize other important biological signals such as sounds of predators 

and/or prey. 
• Loss of hearing sensitivity temporarily or permanently. 
• Increased stress and/or altered steroid hormone levels or other physiological 

effects. 

Any of these effecls could have long.term consequences and enduring impacts by interfering with 
breeding by individuals and populations, thereby threatening the survival of individuals or species. 

This Guidance Document represent an updated version of the report entitled The F.ffects of 
Highway Noise on Birds (Dooling and Popper, 2007) prepared by the current authors. It should be 
noted that 1he vast majority of the res~arch literature discussed in this document focuses on effects 
of traffic noise on birds. and tl1ere have been few, if any, studies on effects of roadway construction 
on birds. This is likely because roadway noise is far more prevalent and continuous than 
construction noise. Consequently, the models and analysis presented in this document focus on 
traffic noise . 

.4. Definitions 

Several temts are used in lhis report. Some oflhese tenns have multiple meanings and are defined 
herein. Other tenns are defined in lhe glossary. 
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• Construction Noise: Noise produced during the construction of a roadway. 
• Effects: any response by birds to traffic and construction noise. This definition does not 

invoke or imply regulatory definitions of "effect" as found in any law or regulation 
affecting birds. 

• Roadway: Any paved road on which there is vehicular traffic. 
• Traffic Noise: Noise produced by vehicles on any paved roadway, ranging from highways 

to single-lane streets. 

B. Organization and Purpose of Thi.~ Guidance Documenl 

Sections 2 and 3 of this Guidance Document discuss bird audition, including how and what birds 
hear and how environmental noise can generally affect the auditory system and hearing. This is 
followed by Section 4, which discusses the effects of traffic and construction noise on birds, the 
challenges in surveying what is known about the effects of traffic and construction noise on birds, 
and the scientific literature on the topic. Section 5 summarizes the different classes of effects of 
noise on birds. Finally, Section 6 poses a first set of interim criteria to protect birds from traffic 
and construction noise. For readers interested in additional information, Appendix D discusses 
fundamentals of traffic noise (prepared by ICF Jones and Stokes), Appendix E presents a review 
of the older literature from the 2007 report, and Appendix F describes reoommendations for critical 
future research that the authors suggest would enhance overall understanding of effects of traffic 
noise on birds. 

The purpose of this Guidance Document is two-fold. First, it critically discusses what is known 
about the effects of highway construction and traffic noise on birds, with emphasis on the best 
available science. Generally, the reviewed literature has been directed at assessing and mitigating 
the impacts of noise produced by highway construction and operation on birds. This Guidance 
Document shows that there are still major gaps in this body of literature and very few finn 
conclusions, although there has been a substantial increase in knowledge since the first report 
(Dooling and Popper, 2007}. As a Guidance Document should always reflect recent changes in the 
science, Appendix F points to areas for future research that would substantially enhance our future 
understanding of traffic noise on birds. 

Second, this Guidance Document suggests interim compliance guidelines and a science-based 
approach, using human and avian data from both the laboratory and the field, to address potential 
impacts of noise on bird species. In areas such as hearing and masking of sounds as a result of 
noise, rigorous data are available from a wide range of species so that it is reasonable to extrapolate 
the eftects on federally listed species. Such guidelines are done in coordination and consultation 
with compliance protocols for the federal Endangered Species Act. 

C. Analysis <>f United States Fish and Wildlife Service (2006} Report 

On July 26. 2006, tlie Arcata Fish and Wildlife Service Office (AFWO) of the U. S. Fish and 
Wildlifo Service (f WS) issued guidance for estimating the effects of auditory and visual 
disturbance to northern spotted owls (Strix occidentalis caurina) and marbled murrelets 
(Brachyramphu marmoratus) in Northwestern California (AFWO, 2006).2 These two species live 

2 htq,://goo.gV3FI.FCA 
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a rather solitary lifestyle and are expecte<l to be particularly sensitive to noise disturbance, The 
purpose of the FWS guidance was to promote consistent and reasonable detenninations of potential 
effects on either species that could result from elevated human-generated sounds or human 
activities in close proximity to nests during the breeding season. FWS acknowledged that its report 
is to be viewed as a living document subject to continued, ongoing revision, and improvement as 
additional data and experience are acquired. 

The FWS document provides excellent guidance as to how a person in the field should make 
determinations with regard to the potential effects of construction and traffic noise on these two 
avian species, especially with regard to harassment. 3 This guidance is particularly valuable because 
it takes into consideration critical variables and tries to integrate them into a simple practical 
model. These variables include those listed below, 

• Types of sound sources. 
• Distances from the sound sources to the birds. 
• Level of ambient noise in the environment. 
• Levels of anthropogenic (human-generated) noise in lhe environment. 
• Sound-modifying features in the cnvironmenl. 
• Visual cues correlated with the noise. 
• The hearing sensitivity of the bird. 

The FWS report provides a worthwhile potential strategy for estimating particular kinds of noise 
effects on these birds; however, the report has several limitations in terms of its applicability to 
other species. First, it is based on two relatively non-social species and does not address the kinds 
of effects that may be relevant for more gregarious species that flock and engage in continuous 
vocal communication wilh conspecifics. 

Second, as discussed below, there are substantial differences between species in the ability to hear 
in noisy environments. As a consequence, one noise level is not likely to affect all species in the 
same way since some spec.ies will hear a particular level of sound and others will not due to their 
overall hearing sensitivity. 

Third, how a bird responds to and integrates acoustic and visual stimuli in different contexts (e.g., 
breeding season or brooding) is likely to have a profound effect on whether harassment occurs. 
For example, very low level sounds bearing some resemblance to the sounds of a natural predator 
are likely to he far more important to the bird than other sounds of equal sound )evel but with no 
history of signaling danger. Such experiential factors will undoubtedly vary significantly by 
species. 

Finally, the noise levels discussed in the FWS guidance are geared toward those that result in 
harassment or flushing from the roost or nest. There are other effects, such as masking of 
communication signals, that are also very important for species that must learn their vocalizations 

3 The Act's implementing_ regulations further define harass as " ... an intentional or negligent act or omissio11 which 
creates the likelihood of injury to wildlife by annoying it to such an extent as to significantly disrupt nonnal 
behavioral patterns which include, but are not liniittd to, breeding, feeding or sheltering" ISO CFR § 17.J ). (Taken 
verbatim from p.4 ofFWS (2006) report.) 
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and are engaged in continuous vocal communication with conspecifics throughout their lifetime, 
that are not considered in the FWS document. 

Despite these caveats, the FWS report. together with infonnation reviewed in this Guidance 
Document, may have value in helping reach a decision metric on possible effects of traffic and 
construction noise on birds. Moreover, the specific recommendations made in the FWS guidance 
rcpo11, while not fully applicable to situations involving continuous traffic and construction noise, 
represent a thoughtful approach to identifying and quantifying some of major variables for 
consideration. 

D. Literature Surveyed in this Guidance Docume/11 

The material presented in this Guidance Document is based on a careful evaluation of technical 
reports and peer-reviewed articles, much of which is discussed in Section 4. The scientitic 
approach and analysis used in each study differs, and so extrapolation between the studies, and 
especially those done in difterent locations or by different groups of investigators. is difl1cult and 
must be done with considerable caution. 

In addition to primary peer-reviewed literature, this Guidance Docwnent also cites a number of 
reviews covering various aspects of the issues considered here. These reviews, even if they have 
gone through appropriate peer review, often reflect the opinions and biases of the authors based 
on their analysis of the original material from peer-reviewed research articles. 

Finally, wherever possible, this Guidance Document incorporates new material that has been 
produced since the authors' original review (Dooling and Popper, 2007). Taken together, the 
previously reviewed literature (see Appendix. E) and the more recent literature significantly infonn 
the conclusions and recommendations in this Guidance Document. 

E. Metrics and Terminology 

This Guidance Document contains a number of acoustic and biological terms. To facilitate 
understanding of terminology, most of the terms are defined in the glossary in Appendix A. 
Appendix D discusses fundamentals of traffic noise. 4 Those unfamiliar with fundamental concepts 
relating to trat11c noise are advised to review information published by the California Department 
of Transportation (Caltians) on the topic of highway traffic noise. This includes the Caltrans 
Traffic Noise Analysis Protocol (Protocol) (Caltrans, 2011),5 the Technical Noise Supplement to 
Protocol (Caltrans 2013), and Caltrans online noise training. 6 

It is also important to define what is meant by "behavior" in this Guidance Document because the 
word is used for a wide range of activities, and usage also varies between different authors. For 
example, the tenn may be used to refer to the complex. interaction of signals and rituals that animals 
use during mating or may also be used to refer to the movements of animals from one feeding 

4 Material in Appendix D was prepared by Caltrans and not by the authors of this report. 
s http://www.dot.ca.gov/hqfenv/noise/pub/ca_lnap_may2011.pdf 
6 http://www.dot.ca.goy/hq!env/nQi$eflraining license.hrm. 
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ground to another. In the context of this Guidance Document. "behavior" is used in its broadest 
possible sense unless otherwise qualified 

F. Typical Roadway Operational and Construction Noise Levels 

Traffic noise produced by vehicles traveling on a highway is a function of the traffic volume, 
vehicle mix, vehicle speed, and pavement type. For example, Table 1 swnmarizes typical traffic 
conditions for several typical highway configurations. 

Table J. T"nical Hie:hwa" Conditions 
Number Highway Type Wo~t Hour Spud Heavy 
of Lanes Traffic Volume Truck%! 

2 Hii>hwav 3.000 55mnh 2% 
4 Hivhwav 6.000 65moh 2% 
6 Freewav 12.000 6Smnh 6% 
8 Freewav 16,000 6:S moh 8% 

' Truck percentages cao vary widely depending on the proximily of a roadway to commercinl uses and truck routes. 
The lnlck percentages shown b.ere ere generally conservative for the roadway construction shown. 

A considerable amount of work has enabled traffic engineers to model noise levels expected under 
various traffic conditions, road types, and vehicle speeds. Figure I shows traffic noise levels at 
various distances (in feet} from the roadway as predicted by the Federal Highway Administration 
(FHWA) Traffic Noise Mode17 (TNM) version 2.5 for each traffic condition in Table 1. Neutral 
atmospheric conditions (no inversion, moderate temperature, and wind speed less than 11 miles 
per hour [mph]) and soft ground sutface (lawn) assumptions as recommended by FHWA were 
used. Additional assumptions included that the roadway was undivided, had no median lanes, was 
the typical 12 foot (3.6 meters) wide, and had average pavement, dry conditions, and moderate 
temperatures, with wind speed below 11 mph (17.7 kilometers per hour [km/h]). 

With multiple Janes and a large number of vehicles, free-flowing traffic on a roadway acts like a 
line source. Geometric attenuation for a line source is 3 dB per doubling of distance. Additional 
attenuation resulting from ground absorption can add attenuation of about l. 5 dB per doubling of 
distance. Excess attenuation from ground effects. atmospheric absorption, wind, and temperature 
gradient effects, etc .• are highly complex and can add attenuation over 5-10 dB per 100 m 
depending on the environment (e.g., Marten and Marler, 1977). 

In contrast to the continuous noise produced by large volumes of traffic, noise produced by 
construction equipment is likely to be intennittent and impulsive (with very short rise-times), such 
as impact noise from a pile driver. Noise produced by construction equipment is a function of the 
type of equipment. Table 2 summarizes typical maximum noise levels at 50 feet (15 .2 m) produced 
by typical construction equipment (see FHW A, 2006}8). In contrast to traffic noise, equipment 
used in roadway construction acts like a point source and will typically off at a rate of 6 dB per 
doubling of distance, although there is also likely to be additional attenuation that varies with the 
environment. Moreover, these are maximum noise levels which are not typically sustained over 

7 http:llwww fuwa,dp1,2oy/euvironmei11/nojselcons1ruc1ion nojse/rcnmtrcnm.pdf 
8 http://www.fuwa dQS.goy/e11viron111e11t/noise/conr,1ruction nojse/rcnm/rcnm.pdf 
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long periods of time. Energy average sound levels can be developed based on utilization factors 
(FHWA, 2006). 
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The noise levels described in Section 1.F for both traffic noise and construction noise are given in 
dBA 10 (see Appendix G for discussion of history of dBA for bird studies). The dBA scale for 
measuring sound levels takes into account the equal loudness contours of human hearing-that 
sounds at low frequencies and high frequencies presented at the same so\md pressure level as 
intennediate frequencies are judged as softer than the sounds at intermediate frequencies. This 
scale is incorporated in most sound level meters and is thus convenient for the person doing the 
measurements. It may not always the most accurate measure for detennining the effects of noise 
on bird hearing, however, because birds are even less sensitive to sound below 1 kHz tl1an are 
humans, and birds have extremely poor hearing at frequencies about 10 kHz. Thus, the most 
relevant measure of noise for estimating the masking effects of noise on bird hearing is the 
spectrum level (the intensity level of a sound within a I hertz (Hz) band) in the frequency region 
where birds vocalize most and hear best~pically around 2-5 kHz. 

Traffic noise and non~impact construction noise often show a sloping spectrum (Figure 2) with 
less energy in the region of 2-4 kHz than at lower frequencies. Thus, estimating the spectrum level 

9 Note that this Guidance Docwnent does not include a direct discussion of th.e idea of 60 dBA that has been found 
in much of the earlier literature. A history of the use of 60 dB A is found in Appendix G. 
1° For a detailed discussion of dBA see: https://en.wikipedia .. org/wikilA-wej,:hting 
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in the region of 2-4 kHz from an overaJl dB A level could overestimate the energy in the region of 
2-4 kHz. On the other hand, traffic noise still has a considerable amount of energy around 1 kHz, 
and this band of energy contributes significantly to the overall dBA level actually resulting in a 
significant underestimate of the noise level actually in the 2-4 kHz bands that contain most bird 
vocalizations. Thus, in many cases, the overall level of the noise measured as dB A does not provide 
an accurate estimate of the noise level in the frequency region where birds communicate. 
Depending on the overall spectrum of the noise, it could underestimate, or more often 
overestimate, the masking effects of traffic noise on hearing and vocal communication in birds. In 
Figure 2, for instance, the overall level of noise is 84 dB (83 dB measured on the A scale) and this 
value is almost entirely accounted for by the energy in the octave band around l kHz. The level of 
noise in the frequency region that birds use for acoustic communication is much less, at around 
60-65 dB. 

Frequency Spectra and Frequency Band~ 

31. S B US 2!>0 !500 \~ 2( ◄~ 8< (>;e"II 

f<~~ncy (HI) 

■ (Jr.1t.ic,lghtt-d 

S A-,yt;&fllNI 

Figure 2: Caltran.s Traffic Noise Spectra Showing Dffftren(es ID Unwtigbted and Weighted 
Spectra anil Overall Levels 11 

For traffic and construction noises, measuring overall sound levels in in dBA is likely to 
overestimate the effects of traffic and construction noise on communication in birds. A more 
accurate estimate would be obtained with measures of the sound pressure level in the octave bands 
at 2 kHz and 4 kHz From these two measurements, given the characteristics of traffic and 
construction noise, reasonably accurate estimates of spectrum levels can be obtained for the critical 
frequency range in which birds communicate and from these spectrum levels, decisions can be 
made about whether the noise will intertere with vocal communication. At 2.0 kHz, the spectrum 
level is roughly 33 dB less than the octave band level; at 4.0 kHz, the spectrum level is about 36 
dB less than the octave band level. 

2. The Bird Ear and Hearing 

11 Figure from: http://www.dot.ca.govlhqlenv/noise/online _ training_ module l/slides/slideS0 .htm 
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In order to appreciate lhe potential elTects of traffic and construction noise on bird hearing, it is 
important to have some understanding of the bird ear and the basic hearing capabilities of birds 
both in quid and in high noise settings (Dooling el al., 2000a). It is also worthwhile to appreciate 
why birds, or any animals (including humans) hear, and why hearing may have evolved. In the 
case of many animals, especially birds and humans, hearing is closely related to acoustic 
communication (Dooling, 1982; Dooling et al., 1992). Indeed, birds, more than most any 
vertebrate group other than primates, make use of a rich array of sounds for communicating, 
finding mates, expressing territorial occupation, and numerous other social behaviors. 

Table l: Construction Equipment Noise Emission Levels 
(greatest•to-least)11 

Equipment 

Pile Driver (Impact) 

Vibrato1y Pile Driver 
Rock Drill 

Paver 
Scraper 
Crane 
Jack Hammer 
Concrete Mixer Truck 
Dozer 
Grader 
Jackhammer 
Pneumatic Tool 

Crane 

Chain Saw 
Roller 

Tractor 

Concrete Pump Trnck 
Generator 

Compactor (ground) 
Compressor (Air) 

Backhoe 
Vibratory Concrete Mixer 
Pumps 
Source: Federal Highway 
http://goo.gVPXltyy 

Typical Lma, at SO fut (IS.2 m) 
from Source (dB.A, Slow} 

95 

95 
85 

85 

85 

S.5 

85 

S5 
8S 
85 
85 

85 

85 

85 

85 

84 

82 

82 

80 

so 
so 
so 
n 

Administration 2006. Table I. 

Birds, as with humaru; and other animals, also use hearing to learn about their overall 
environments. Bregman (1990) refers to this as the "acoustic scene." This acoustic scene is the 
array of sounds in the environment, not just vocalizations. which may arise from biological or non• 
biological sources, such as predators moving through the environment or the wind moving through 
trees. This acoustic scene covers an area all around an animal, and it is just as rich at night as 

12 hm,://www.lhwa.dot,gov/enviropment/nojse/construction nojselrcpm/rc-nmOO.cfm 
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during the day when animals can use vision. The acoustic scene tells an animal a great deal about 
its extended environment. So, while this Guidance Document focus on the effect of noise on 
communication signals, it is important to also realize that other aspects of the animal's acoustic 
scene are also aftected. 

The bird ear and bird nearing has been well described over the years (e.g., Dooling et al., 2000a; 
Gleich and Manley, 2000; Saunders et al., 2000; Saunders and Henry, 2014). It consists of an 
external membrane (tympanic membrane). a middle car (Saunders et al., 2000; Saunders and 
Henry, 2014), and an inner ear (Gleich and Manley, 2000; Saunders and Henry, 2014). There is 
no external structure that resembles the mammalian outer ear flap, or pinna (except in owls). 
Instead, the tympanic membrane is the outennost covering of the middle ear. 

The avian inner e.ar is similar to that of most vertebrates in that is has three semicircular canals to 
detem1ine angular acceleration of the head and three otolith organs to detect motions of the head 
relative to gravity. In addition, birds have a cochlear duct that contains a basilar papilla upon which 
sit the sensitive sensory hair cells used for hearing. However, the basilar papilla is shorter and 
rather different in structure than that found in mammals (fanaka and Smith, 1978; Smith, l 985~ 
Gleich and Manley, 2000; Manley, 2000) and the differences may, to a degt'ee, account for the 
much narrower range of frequencies detected by birds as compared to mammals. 

Another factor that probably limits the frequency range over which birds hear is the presence of a 
single-bone middle ear rather than the three-bone middle ears (mallcus, incus, stapes) that are 
characteristic of mammals (Manley, 20 I 0). lt has been suggested that the single columella in place 
of the three ear bones found in mammals is what limits hearing in most avian species to not much 
more than IO kHz (Saunders el al., 2000; Manley, 20l0). 

A. Behavioral ,Heasures <ifAvian Hearing- the Audiog1·am 

The minimum sound pressure that can be detected at frequencies throughout an animal's range of 
hearing defines the audiogram, or audibility curve. 13 Tilis is the most basic measure of hearing and 
one most people are familiar with from having their 0\1\/ll hearing tested. Over the past 50 years, 
behavioral audibility curves have been collected for about 39 species of birds, and this database 
can be extended by another l 0 species of birds by including data from physiological r~ordings 
(Appendix B, also see Fay, 1988). These data are fit with a polynomial function to provide a 
continuous curve describing the minimum audible sound pressure over the range of hearing for a 
particular species. 

Figure 3 shows the median audiogram based on lhe spe<:ies in Appendix B. Fo.- animals. and 
sometimes for humans, the audiogram is measured in a sound attenuated room (1m audiometric test 
chamber) so that the background noise is minimized and there is no interference by other sounds 
(i.e., masking). Thus the audiogram represents an ideal detection threshold that is rarely. if ever, 
attained in the real world, which always has some measurable amount of background noise. 

13 This is a measure of hearing "!hresh.old." It should be noted that the threshold (the lowes1 sound delectable at a 
given frequency) is not a filled value. There are slight variations from animal to animal and larger differences across 
species. Testing conditions and contt:Kl can also play a role. Typically, the "threshold" is a statistical measure 
indicating the lowest sound pressure level that an animal can detect 50% of the time. 
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Audiograms are often described and compare<l on several features, such as the softest sound that 
can be heard (often referred to as best sensitivity or lowest intensity), the frequency at which 
hearing is best (best frequency-the frequency at which the subject can hear the softest sound), 
the bandwidth (the width of the audiogram to the point where it is raised by 30 dB on either side 
of the best frequency), lowest intensity (at the best frequency), and the low and high frequency 
limits of hearing (the frequencies at which thresholds arc 30 dB above the best intensity) for both 
birds and humans. Interestingly, compared to species in other vertebrate groups, there is not wide 
variation in hearing sensitivity between different bird species. This suggests that the 
recommendations in this Guidance Document apply to most birds. 

Generally, birds hear best at frequencies between about 1 and 5 kHz (Figure 3 }, with absolute 
(best) sensitivity often app1·oacl1ing 0-10 dB SPL 14 at the most sensitive frequency, which is 
usually in the region of 2-4 kHz (Dooling, 1980; 19&2; 1992; Dooling et al., 2000b). Nocturnal 
predators, such as most owls, can generally detect much softer sounds than can either 
Passerifonnes (e.g., songbirds, such as sparrows, canaries, starlings, finches) or other non
Passerifonnes (e.g., chickens, turkeys, pigeons, parrots, owls) over their entire range of hearing, 
sometimes with levels as low as - t 0 to -15 dB SPL. Passeriformes also tend to have better hearing 
at high frequencies than non-Passerifonnes, while non-Passeriformes can detect softer signals at 
low frequencies than do Passeriformes. This difference is usually on the order of 5 to 10 dB. A 
recent conelative study of hearing characteristics (using the database in Appendix B) with several 
biological parameters confirms significant correlations among body weight, inner ear anatomy, 
and low- and high-frequency hearing in birds, with the exception of owls (Gleich et al., 2005). 
Simply put, large birds hear better at low frequencies and small birds hear better at high 
frequencies. On average, however, the frequency range available to the typical bird for long 
distance vocal communication extends, at best, from about 1 to 4 kHz, the region of best sensitivity. 

B. The Hearing Range and Vocalization Spectrum of Birds 

Almost all avian species rely heavily on acoustic communication for species and individual 
recognition, mate selection, territorial defense, and other social activities. Studies of bird hearing 
have long shown a strong correlation between the range of hearing in birds and the frequency 
spectrum of bird vocalizations (Konishi, 1969; Dooling, 19&0; 1982). That is, with the exception 
of some nocturnal predators such as barn owls, birds typically hear best in the spectral region of 
their species-specific vocalizations. Barn owls hear better at higher frequencies than do most other 
bird species because they have evolved to use high frequency cues to localize their prey in 
darkness. The importance of the general observation of a close match between hearing thresholds 
and vocalizations is that concerns over the effects of masking or hearing dam.age from noise should 
focus attention on the critical frequency region of about 1- 6 kHz-the spectral region used for 
acoustic communication in birds (Dooling. 1982). 

1~ SPL, or soui1d pressure level, is a widely used C)(prcssion of the sound pressure using the decibel (dB) scale and 
the standard reference pressures 20 µPa for air. 
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Figure 3: Bird Hearing Thresholds 
Median bird hearing thresholds from 49 bird species (Appendix B measured behaviorally and physiologically in 
the free field in the quiet ( solid line). The typical bird hears less well than humans and over a narrower bandwidth. 
Dotted line$ show typical spectrum levels of the background noise in a doubl~walled acoustic isolation testing 
chamber and tbe spectrum level of ambient noise that a bird might encounter in a typical f0£e$1 environment. An 
ambient noise spectrum level at least 20 dB below the audiogram will have no effect on hearing thresholds (i.e., no 
masking). An ambient noise level less than 20 dB below lhe audiogram d!resholds, which is 1he case in almo,it all 
natural environments, will raise the animal's lhresholds (Le., cause masking). 

C. The Hearing Capabilities of Ncstlings 

Less is known about hearing in nestlings and young birds as compared to sexually mature birds. 
However, a limited amount of data from young songbirds and parrots suggest that the auditory 
system of altricial birds (i.e., birds that are in an undeveloped stage at hatching in the nest and 
require care and feeding from parents15) does not function well at l1atching. Auditory Brainstem 
Response (ABR, a type of physiological recording) studies of budgerigars16 (Melopsittacus 
undulatus) and canaries (Serinus canaria domeslica) indicate that hearing thresholds during the 

•~ Altricial birds include all Passerifonnes (songbirds). Altricial birds hatch with their eyes closed and with few, if 
any, feathers. In oontract, pr«ocial birds hatch with eyes open and are generally ready to leave the nest within two 
days of hatching-see: http·//w,~w.stanford edu/group/stanfordbjrdsltext/essays/Precocjal and Aitrjcja1 html 
16 Also known as a parakeet. 
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first two weeks after hatching of altricial birds are 30-40 dB higher than hearing thresholds of 
adults By the time nestlings are 20--30 days old and just getting ready to leave the nest; however, 
hearing thresholds as measured by the ABR approach adult levels of sensitivity (Brittan-Powell 
and Dooling, 2004). 

Hearing thresholds in young hirds and nestlings in the presence of noise have not yet been 
measured. While it is unlikely that nestlings can hear better in noise than adults, the fact that this 
is a critical stage in vocal development means that any additional noise, as from construction or 
traffic, may affect a bird's ability to acquire and develop its species•typical vocalizations. Recent 
laboratory work in zebra finches has now confirmed this suspicion (Potvin and MacDougall
Shackleton, 2015). 

3. General Principles of the Effects of Noise on Birds 

There are four general overlapping categories of construction and traffic noise effects on birds: 
permanent threshold shift (PTS-permanent hearing loss), temporary threshold shitt (TIS
temporary hearing loss which recovers over a period of minutes to days from the end of noise 
exposure), masking, and other physiological and behavioral responses. The actual auditory effect 
that is encountered depends upon th.e level of noise aniving at the bird's ear. which is highly 
correlated with the pl'Oximity of the bird(s) to the noise source (Figure 4, Table 3).Tile existing 
scientific literature provides a considerable amount of data that can be used to define the 
boundaries between these categories of effects e.g., Dooling et al., 2008: Salvi el al .. 2008; 
Saunders and Salvi, 2008). 
Based on Figure 4, it is possible to generalize on the potential effects of highway and constrnction 
noise on birds, depending on their distance from the source. The distance of each zone is arbitrary 
and depends on the level of the source. Thus. if the level of the source is very high, each zone will 
be large, whereas if the sound level at the source is low, the distances between the zones will be 
smaller. Regardless, as is shown, these zones no doubt overlap with regard lo potential effects. 

a. Zone l: If a bird is in this region. it is close to the noise source such that traffic and 
construction noise can potentially result in all four effects-pennanent threshold shift, 
temporary threshold shift, masking, and other behavioral and/or physiological effects. 
Laboratory evidence shows that continuous noise levels above 110 dB A SPL lasting over 
12-24 hours, or a single impulsive noise over 140 dB SPL {125 dB SPL for multjple blasts), 
can cause damage and loss of inner car sensory hair cells resulting in a large initial threshold 
shift, followed by a small ( ~ 10-15 dB) lingering threshold shift even after all hair cells have 
been regenerated (Saunders and Dooling, 1974; Dooling and Saunders, 1975; Dooling et al., 
2008). 

' b. Zone 2: At greater distances from the roadway. starting where the received noise levels fall 
below l l 0 dB A continuous exposure, hearing loss and pennanent threshold shift are unlikely 
to occur. However, continuous traffic and construction noise ahove 93 dBA SPL might still 
temporarily elevate a bird's threshold, mask important communication signals, and possibly 
lead to other behavioral and/or physiological effects. 
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c. Zone 3: At even greater distances from the roadway, where the spectrum level of the noise 
is still at or above the natural ambient noise level, masking of communication signals from 
this added noise may occur, This, in tum, may also result in other behavioral and/or 
physiological effects. 

d. Zone 4: Once the level of traffic and construction noise falls below ambient noise levels in 
the critical frequencies for communication, masking of communication signals is no longer 
an issue. However, faintly heard sounds, such as the low rumble of a truck, or an alarm from 
a construction site, may still lead to a chronic state of increased arousal and, thus, lead to 
other behavioral and/or physiological effects. 

e. Beyond Zone 4: At this boundary, the energy in traffic noise and construction noise at all 
frequencies is completely inaudible (i.e .. falls below the level of the ambient noise). The bird 
cannot hear this noise and, thus, the noise has no effects of any kind on the bird. 

Summary of Concepts 
Relation Among Noise Levels, Distance, and Potential Effects 
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Relative Distance from Noise Source 
Fieure 4: Polential Effeels of Trame and Construction Noise on Birds 
Cawgorics of traffic and ..-:onsttuction noise effects on birds with distance from the source. Zone I is closest to the 
source while Zone 4 is furthest awny. Sou11d level decreases further from the source. Note that the actual distances 
for the Zones ae not given since that would depend on the source sound level, hearing sensitivity of the receiver, 
and the propagation distance from the source to the receiver. See text for detailed discussion. 

Based on Figure 4, it is possible to generalize OD the potential effects of high.way and construction 
noise on birds, depending on their distance from the source. The distance of each zone is arbitrary 
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and depends on the level of the source. Thus, if the level of the source is very high, each zone will 
be Large. whereas if the sound level at the source is low, the distances between the zones will be 
smaller. Regardless, as is shown, these zones no doubt overlap with regard lo potential effects. 

a. Zone I : If a bird is in this region, it is close to the noise source such that lraffic and 
construction noise can potential!)' result in all four effects-permanent threshold shift, 
temporary threshold shift, masking. and other behavioral and/or physiological effects. 
Laboratory evidence shows that continuous noise levels above 110 dB A SPL lasting over 
12-24 hours, or a single impulsive noise over 140 dB SPL ( 125 dB SPL for multiple blasts), 
can cause damage and loss of inner ear sensory hair cells resulting in a large initial 
threshold shift, followed by a small ( ~ l 0-15 dB) lingering threshold shift even after all 
hair ceJls have been regenerated (Saundet's and Dooling, 1974; Dooling and Saunders, 
1975; Dooling el al .. 2008). 

b. Zone 2: At greater distances from the roadway, starting where the received noise levels fall 
below 110 dBA continuous exposure, hearing loss and permanent threshold shift are unlikely 
to occur. However, continuous traffic and construction noise above 93 dBA SPL might still 
temporarily elevate a bird's threshold, mask important communication signals, and possibly 
lead to other behavioral and/or physiological effects. 

c. Zone 3: At even greater distances from the roadway, where the spectrum level oftlte noise 
is still at or above the natural ambient noise level. masking of communication signals from 
this added noise may occur. This. in tum, may also result in other behavioral and/or 
physiological effects. 

d. Zone 4: Once the level of traffic and construction nojse falls below ambient noise Levels in 
the critical frequencies for communication, masking of communication signals is no longer 
an issue. However, faintly heard s0W1ds, suc:h as the low rumble of a truck, or an alarm from 
a constniction site, may still lead to a chronic state of increased arousal and, thus, lead to 
other behavioral and/or physiological effects. 

e. Beyond Zone 4: At this boundary, the energy in traffic noise and construction noise at all 
frequencies is completely jnaudib)e (i.e., falls below the level of the ambient noise). The bird 
cannot hear this noise and, thus, the noise has no effects of any kind on the bird. 

Before considering the effects on the auditory system of birds from tratlic and construction noise, 
it is important to understand three facts about potential behavioral and physiological effects of 
traffic and construction noise. One is that these effects can occur alone or in combination with 
effects on the auditory system of birds. Second, behavioral and physiological effocts may be less 
dependent on noise level and more dependent on environmental context and the salience of the 
traffic and construction noise component(s) to the bird. Third, in contrast to the effects of noise on 
the bird auditory system, there are fewer empirical data available on behavioral and physiological 
effects, and especially for those effects that occur alone, as in Zone 
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Table 3: Recommended Interim Guidelines for Potential Effects froO\ Different Noise Soun:es 

NoiJe Source Type 
Hearing TTS Masking 

Potential Beh11vioral/ 
Damasze Phvsioloaical Effects 

Single lmpulse (e.g., Any audible component 
starter's pistol 6" from 140dBA 1 NA3 NA~ 
the car of traffic and construction 

Multiple Impulse (e.g., 
noise has the potential of 

iack hammer. oile driver) 
125 dBA' NA3 ambient dBA6 causing behavioral and/or 

Non-Strike Continuos 
physiological effects 

( c.1t .. construction noise) None2 93 dBA• ambient dBA" independent of any direct 

Traffic and Construction 
effects on ttle auditnry 

Noise 
None2 93 dBA4 ambient dBA 6 system of PTS, TTS, or 

Alanns (97 dB/JOO (t) None2 NA2 NA' 
masking 

1 Estimates based on bird data from Hashino et al. (1988) and other impulse noise exposure studies in small 
mammals. 

2 Noise levels from these sources do not reach levels capable of causing. auditory damage and/or permanent 
threshold shift based on empirical dato on hearing loss in birds from the laboratory. 

'No data available on TTS in birds caused by impulsive sounds. 
4 Es1i.mates based on study ofTTS by continuous noise in 1he budgerigar and similar studies in small 

mammals. 
s Cannot have ·l'llasking to a single impulse. 
~ Conservative estimate based 011 addition of two uncorrelate<I noises. Above ambient noise levels, critical ratio 

dat.i from 14 bird species, well documented short term behavioral adaptation slratt:gies, and a background 
of ambient noise typical of a quiet suburban area would suggest noise guidelines in the range of 50-60 
dBA. 

7 Alamts arc non-continuom ~nd then:fori: unlikely to cause rnaski112 effeclS. 

A. Effects of Noise 011 Hearing in Birdr-Threshold Shift 

Birds (as well as humans and other animals) show a shift in hearing sensitivity in response to 
sounds that are sufficiently long and/or intense. There are several recent reviews of the effects of 
trauma to the auditory system of birds {Dooling et al., 2008; Salvi et al., 2008; Saunders and Salvi, 
2008). Taken together, the data show that birds can tolerate continuous (i.e., up to 72 hours) 
exposure to noises ofup to received levels of 1 JO dBA without experiencing hearing damage or a 
significant permanent threshold shift. 

Permanent Threshold Shift: A PTS occurs if the intensity and duration ofth.: noise is sufficient to 
damage or kill the illner car sensory hair cells or other structures in the inner ear. In birds. thee 
specific damage to sensory hair cells depends on the type, intensity, and duration of the acoustic 
trauma (reviewed in Cotanche, 1998). Since hearing depends on the function of these hair cells, 
their pennanent loss in mammals, including humans, results in permanent hearing loss. However, 
since birds can regenerate damaged or destroyed sensory hair cells usually within a month, there 
can be substantial recovery of hearing, although there is often still a small, insignificant 10 dB 
threshold shift that remains pcnnanent (Dooling and Saunders, 1974; Saunders and Dooling, 
1974). 

A number of comparative studies on hearing loss in birds are instructive in understanding 
important sources of variation on tlte effects of sound exposure on birds. For example, Japanese 
quail ( C ururnix coturnix japonil·a) exposed to a l .5 kHz octave band noise at 116 dB SPL for four 
hours showed hearing loss ofup 10 50 dB immediately following exposure (Niemiec el al., 1994). 
Hearing loss was most severe at frequencies at and above 1.0 kH7-, although there was considerable 
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variation between subjects. Hearing loss was accompanied by a significant loss of sensory hair 
cells in the basilar papilla. Nevertheless, hearing improved rapidly within the first week following 
exposure, and recovered to pre-exposure levels within 8-10 days. Damaged hair cells were 
observed up to 2 weeks post exposure, but there was little evidence of damage to hair cells at 5 
weeks post-exposure. Similar patterns of threshold shifts and recoveries were seen after repeated 
exposures to noise, although recovery times increased with increasing exposure duration. The 
authors found there can be a return to nonnal sensitivity prior to complete regeneration of tlte 
sensory hair cells (Bennett et al., 1994) suggesting birds do not need a full complement of hair 
cells for normal hearing. 

Ryals and colleagues ( 1999) found that the amount of hearing loss and the time course of recovery 
varied considerably among different bird species, even with identical exposure and test conditions. 
fn one study. Japanese quail and budgerigars were exposed to pure tones of 112-118 dB SPL for 
t 2 hours, with the frequency of the sounds centered in the region of best hearing of each species. 
Quail showed much greater susceptibility to acoustic trauma than did budgerigars, and showed 
significantly larger threshold shifts and hair cell loss. Quail showed a threshold shift of 70 dB at 
2.86 kHz at one day following over-exposure, and this hearing Joss remained virtually unchanged 
for 8-9 days after exposure. Hearing began to improve by about l dB/day until recovery at day 50, 
at which time recovery reached asymptote. This left the quail with a permanent threshold shin of 
approximately 20 dB, which remained even I year following exposure. In contr.ist, budgerigars 
showed a threshold shift of about 35-40 dB and a much faster recovery than the quail. By thee 
days after exposure, budgerigars' thresholds had improved to within IO dB of normal. In human 
hearing, elevated thresholds of IO dB are still considered within the normal range. 

In another experiment, budgerigars, canaries, and zebra finches were exposed to the same band 
pass noise (2-6 kHz) at 120 dBA SPL for 24 hours. Thresholds at 1.0 kHz were initially elevated 
hy I 0--30 dB but returned to within normal limits hy about IO days after exposure in all three 
species. Moreover, at 2.&6 kHz, the center of the exposure band, all three species showed a SO dB 
threshold shift. Recovery began immediately after the noise was terminated for canaries, while 
:zebra finches recovered to within 10 dB of normal by about 30 days after exposure. However, 
thresholds remained elevated for IO days hefore recovery begin to occur in budgerigars. By 50 
days after exposure, thresholds for budgerigars still only recovered to about 20 dB above normal. 
Thus, in this experiment, th.ere was significantly more rapid recovery in canaries and zebra finches 
than in budgerigars. 

These comparative studies, and especially those by Ryals and her colleagues (Ryals and Rubel, 
1985a, b; Ryals et al., 1999), are important for understanding the effects of intense noise on hearing 
in birds. The Ryals et al. (1999) study showed that different species, tested under identical noise 
exposure and test conditions, all showed resistance to hearing damage from noise. In addition, 
these studies show that there is considerable variation among species in the amount of damage and 
the time-course of loss and recovery from acoustic trauma. Thus, concern over the effects of loud 
sounds on the ear and hearing is quite reasonable (McFadden and Saunders, 1989; Saunders et al,, 
1991; Adler et al., 1992; Adler et al., 1993; Pugliano et al., 1993; Saunders and Salvi, 1993). These 
studies suggest that, for hirds, permanent hearing loss from traffic noise or construction noise is 
probably not a significant concern. 
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Tempora,y Thre.~hoid Shift: At continuous noise levels below 110 dBA down to about 93 dBA, 
birds may experience a temporary threshold shift (TTS) which lasts from seconds to days, 
depending on the intensity and duration of the noise to which the animal was exposed. In contrast 
to a PTS, hearing recovers completely from TIS to the level that it was before the exposure. 
Nevertheless, during this period of TIS the bird's hearing is temporarily impaired and this could 
affect a variety of auditory and vocal communication behaviors, including detection of predators, 
communication with young, auditory feedback, etc. There have been a number of studies 
quantifying the relation between noise exposure and temporary threshold shift in birds. Several of 
the most relevant studies are described below. 

Budgerigars exposed to a narrow band of noise centered at 2 kHz for 72 hours at levels of 76-106 
dB SPL showed maximum hearing losses at 2 kHz with a TTS ranging from 10-40 dB depem.ling 
on the level of the noise to which the birds were exposed (Saunders and Dooling, l 974; Dooling. 
1980) (Figure 5). Importantly, a PTS of 7-10 dB was observed only with the I 06 dB exposure 
(Dooling, 1980}. A 72-hour continuous exposure to a narrowband of noise at 106 dB would result 
in severe and permanent hearing loss in humans due to irrevocable damage to the sensory cells of 
the inner ear. TTSs in these birds also lasted less time than typically seen in mammals and were 
also restricted to a narrower range of frequencies (e.g., Luz and Hodge, 1971; Dooling, 1980; 
Henderson and Hamernik, 1986). The maximum threshold shift in budgerigars occurred at the 
exposure frequency (rather than at higher frequencies in mammals} and showed much less spread 
of threshold shift to other frequencies. 
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Figure S: ThreJhoJd Shift in Birds E,cpo~d lo Noise 
The growth and decay of threshold shift in four budgerigars exposed to four different levels of a ono-third octave 
band of noise for 72 hours. Threshold shift reaches an asymptote (horizontal dashed line) after 12- 24 hours 
regardless of the exposure level. Exposure to a 76 dB noise results in a threshold shin or 14 dB which retovers 
within a few hours following the termination of the noise. Exposure to a 106 dR noi::e, however, leads to longer 
recovery time and a permanent threshold due to damage to the inner ear (Dooling, 1982). 

Finally, all the experiments descrihed above were conducted with continuous noise., much as would 
be expected with dense traffic or continuous construction noise (Table l, Figure I). Impulse noises, 
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such as those produced by single pieces of construction equipment, are short, intermittent, high 
intensity, and have very fast rise times (Table 2). 

Much less is known about the effects on avian hearing resulting from high-level impulse sounds 
as might be experienced in close proximity to construction equipment as compared to lower level, 
continuous noise as from traffic. There is a single report in the literature that exposed budgerigars 
10 four 169 dB SPL blast impulses pl'Oduecd by starter pistol shots in close proximity (20 cm) to 
the bird. In contrast to results from a continuous noise exposure, this impulsive exposure initially 
caused more low frequency (- 60 dB) than high frequency (~40 dB) hearing loss (Hashino et al., 
l 988). Even from this extremely intense exposure, however, thresholds at I and 4 kHz (the 
frequencies at which budgerigars sing and hear best) returned to almost normal within 20 days 
following the exposure. At 500 Hz, there remained a permanent threshold shift of about 20 dB 
even 40 days after exposure. Tliese results confirm that birds are resistant to permanent auditory 
damage and hearing loss from noise exposure, even following extraordinarily exposure to intense 
impulse noise. 

B. Masking and the Characteristics of Noise 

Masking is the interterence of the detection of one sound by another. For example, two people in 
a room talking at a comfortable level can easily hear one another because the level of the speech 
signal arriving at the ear is sufficiently greater than the background noise. If the people are having 
the same conversation in a noisy restaurant, it may be much harder for them to hear one another 
because the level of Che background noise approaches the level of the speech signal from their 
companion. This is an example of the masking of speech by speech. Moreover, masking can also 
occur from other kinds of noises that also have energy in the spectral region of speech (e.g., noisy 
fans, air condhioners, traflic noise). 

The simplest kind of masking experiment is to measure the sound detection thresholds for pure 
tones (the signal) in the presence of a broadband noise (see Appendix A). The noise in such an 
experiment is usually described in tenns of a spectmm level (i.e., sound energy per Hz) rather than 
the overall sound pressure level. The signaJ level in the case of a pure tone is, of course, simply 
the level of the tone in dB. Experiments on masking in birds (and other animals) show that at low
to mid-levels, it is the noise in lhe frequency region of a signal that is most important in masking 
the signal-not noise at more distant frequency regions (Dooling et al., 2000h ). It could be the 
case that if the masker energy is at a low to moderate level in a frequency range that does not 
overlap with that of the pure tone, there may he no change in threshold for the pure tone. 17 

Masking of signals by noises in the same frequency range is an important phenomenon lo keep in 
mind when estimating the etlects of different kinds of noises on hearing. Common experience 
shows that acoustic communication can be severely constrained if background noise is of a 
sufficient level. I& Such noise decreases signal-to-noise-ratios and thereby restricts the range over 
which a signal produced by a bird can be heard by another bird. In simple terms, background noise 

" The amount of nu1~king depends primarily on the amount of energy in 1hr: masker in lhe frequency region 
su1Tounding tile pure tone. This band of frequencies around the pure tone in which masking will still occur is called 
the "critical hand." 
18 Thi: exact level depends on many factors, including masker level and the hearing sensitivity of the species of 
concern. 
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makes it harder for an animal (including humans) to hear sounds of conspecifics or other sounds 
that may be biologically relevant. Otherwise said, it limits the organism's active acoustic space. 

The masking case described above with a pure tone and broad band noise is very simple. In a 
natural setting, the situation is usually much more complex. The signal is rarely a pure tone, and 
the masker is ra1cly flat, broadband noise. Moreover, human work shows that it has been difficult 
to come up with a broadly acceptable definition of noise because of extreme variations in both the 
physical properties of noise and the perceptual preferences of listeners. 19 For humans, perhaps the 
broadest, most universally accepted definition is that noise is simply unwanted sound. 'Ibis 
definition, however, is not useful in trying to predict the effects of masking on animal 
communication. 

To make matters even more complex, noises can be continuous or intermittent, broadband or 
narrowband, or predictable or unpredictable in time or space. These noise characteristics detennine 
the strategies that birds might employ to minimize the effects of noise on acoustic conununication. 
Most laboratory studies measuring the effects of noise on signal detection (as described above) use 
continuous noises with precisely defined bandwidths, intensities, and spectral shapes. Because 
traffic noise on heavily traveled roads can approximate some of these features (e.g., relatively 
continuous, relatively constant spectrum and intensity), it increases the validity of using Jaboratory 
results to make predictions about how far away two birds can be in a natural setting and still hear 
one another in a background of traffic noise. In fact, for this purpose, laboratory masking studies 
define the worst case estimate of communication distance in the natural setting. This is because 
the animal being tested in the laboratory is in a fixed location with respect to the loudspeaker that 
is producing both the noise and the signal and head movement is restricted. Wllenever these two 
conditions are not met, as is usually tl1e case in a natural setting, the amount of masking from 
traffic noise is likely to be less, and sometimes considerably less, than predicted from signal-to
noise ratios measured in the laboratory. 

C. Cvmparulivtt Masking Effects in Birds- Critical Ratio 

The ratio between !he power in a pure tone at threshold and the power per Hz (the spectrum level) 
of the background noise is called tile critical ratio (Fletcher, 1940). The masking principles 
discussed above that govern tile critical ratio are shown schematically in Figure 6 (see also Figure 
7). The critical ratio (left panel of Figure 6) is defined as the sound pressure level of a tone (when 
it is just masked) minus the spectrum level of the noise. In this case, the spectrum level of the noise 
is 40 dB SPL, and tile level of a 3 kHz pure tone that can just be heard is 60 dB SPL, resulting in 
a critical ratio of20 dB. Since it is noise in the spectral reg.ion of the tone that contributes most to 
the masking of the tone, measuring overall noise level over a very wide band of frequenc.ies is not 
very useful unless the noise is flat and one can accurately estimate the Jevel of noise around the 
signal For a flat noise with an overall noise level of about 80 dBA, when measured across the 
whole band of noise, would have a spectrum level of 40 dB across the whole spectrum and in the 
region of the pure tone. When the noise is not flat, it is hard to calculate the spectrum level in the 
frequency region around 2-6 kHz-the frequency region that contains most of the energy in bird 
vocalizations. 

'9 What is '·noise" to one listener may be music to anomer, and vice versa. 
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Critical ratio data have now been obtained behaviorally for 14 species of birds. including songbirds 
(e.g., canary, sparrows, etc.), non-songbirds (e.g., budgerigars, pigeons}, and some nocturnal 
predators ( e.g., barn owl) (Dooling et al., 20t)0b ). Figure 7 shows the median critical ratio functions 
for the 14 species of birds (see Appendix C for these data) with corresponding values from the 
liteiature on tone masking by noise in human. There is species variation in bird critical ratios, with 
some birds approaching human levels of sensitivity and others being much worse than the median 
curve. However, the median function shows the typical pattern of approximately a 2-3 dB/octave 
increase in signal-to-noise ratio that has come to be characteristic of these functions in mammals, 
including humans (roughly a 3 dB/octave slope). The correlation between the increase in masking 
effectiveness and frequency is thought to be related to the mechanics of the peripheral auditory 
system (von Bekesy, 1960; Greenwood, 1961a; b; KJwnp et al., 1995). 
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(Left) Schematic representation of the critical ratio. A 60 dB tone at 3 kHz is just masked by a broad band noise 
with a spectrum level of 40 dB. The critical ratio is defined as the level of the tone minus the spectrum level of the 
noise. (Right} The relationship for overall sound pressure level, spectrum level, and octave band levels between 2 
and 8 kHz for a flat broad band noise. The overall level of noise of 80 dBA is greater than the amount of noise 
falling in the octave band of2-4 kHz (73 dB) and ~ kHz (76 dB). Much of the energy in traffic and construction 
noise falls in lower frequencies, while bird vocalizations fall in mid- to higher frequencies. Measuring noise that is 
in the spectral region of bird vocalizations is critical to understanding whether masking occurs because it is 
predominantly the noise in this spectral region that contributes to the masking. 

In practical tenns, this critical ratio curve describes the level in dedbe)s above the spectrum level 
of the background noise that a sound (usually a pure tone or other narrow band sound) must be in 
order to be heard. For lhe typical bird, a pure lone (or tonal vocalization) in the region of 3 kHz 
must be at about 27 dB (:I: 3dB) above the spectrum level of noise in order to be detected. In fact, 
birds vary in their critical ratios from about 21 dB (budgerigar) to about 32 dB (canary) at 3 kHz. 
For the human, the same pure tone need only be about 21 dB above the spectrum level of noise to 
be heard-a difference of about 6 dB from the typical bird (Dooling and Popper, 2000). 

These data raise two important issues. First, there is little variation in how humans with normal 
hearing are able to detect signals in noise. The same is true of animals within a species. However, 
there is considerable variation across species in how well organisms can hear in noise, including 
among different species of birds. As is the case with susceptibility to auditory damage from noise 
exposure, there is no way to tell from a bird's vocalizations, physical appearance, or behavior, 
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whether it hears well or less well in noise. Thus any complete model for predicting masking for a 
given species should use the species' critical ratio. The next best solution is to use the average or 
median values of all bird critical ratios. 

Second, the difference in masked thresholds of 6 dB between humans and a "representative" bird 
with median masking thresholds for the 14 avian species studied has important implications for 
the detection of a point source of sound (e.g., a single vehicle, a piece of constmction equipment, 
a bird singing. etc.) in a natural setting. Recall that sound pressure level decreases about 6 dB for 
a point source with. every doubling of distance (by the inverse square law). What this means is that 
if a human listener can barely hear the sound of an automobile or a piece of construction equipment 
at I 00 meters from the highway because of background ambient noise, the typical bird could not 
hear it at all. The bird would have to move twice as close to the highway (i.e., 50 meters) to barely 
hear the sound of an automobile. For a line source (e.g .. a stream of traffic) which deceases at J 
dB/doubling of distance, this difference between birds and humans is a factor of 4. 

Generally, since human audilory thresholds in quiet and in noise are about 6 dB better than thal of 
the typical bird. this leads to the following two facts when conclusion on assessing the effect of 
noise on birds: 

(1) When estimating whether a bird mighl be disturbed by l:u:aring traffic or 
construction noise from a distant site, this 6 dB difference in masked thresholds 
means that if a human can barely hear traffic or construction noise from a distant 
site, a bird certainly cannot hear the noise and lherefore can't be disturbed by it. 
The rule that "if a human can't hear it, a bird can't either" thus proves a handy rule 
of thumb for estimate whether a distant noise from construction equipment might 
be disturbing. 

(2) However, when trying lo estimate whether two birds can acoustically communicate 
against a background of traffic or construction noise, this 6 dB difference also 
means that the typical bird must be much closer Lo a singing bird Lo be able lo hear 
it than does a human. So. if a human can barely hear a singing bird in the distance, 
the typical bird would not be able to hear it. In fact the bird would have to be even 
closer (i.e., half the distance) in order to hear the singing bird. In this case, human 
perceptual experience provides a dangerously poor estimate of whether two birds 
can hear one another against a background of traffic noise. It underestimates the 
effect of noise on communicating birds by over estimating the distance over which 
birds can communicate. 
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Median critical ratios for 14 birds (solid line) and the human (dashed line). Dotte.:l line is a sklpe of 3 
dB/octave. The critical ratio (sin ratio) at threshold is abou1 6 dB greater in 1he iypical bird compared 10 

humans over the frequency range of 1- S kHz (Dooling et al., 2000b). These median critical ratios for 
birds represent the best available science of how birds hear in noise and can be used to predict bow well 
birds can communicate in noise. 

D. Understanding the Implications of Masldng and Hearing in Noise 

As discussed earlier, the audiogram represents the lowest sound pressure level (in dB) of pure 
tones throughout the range of hearing that can be detected in the quiet background of a test booth 
(see Figure 2). But since all hearing in natural settings is against a background of noise, the pure 
tone audiogram is not very useful for estimating what a bird can hear in a natwlll setting. In other 
words, in all environments, other than a quiet background of a tesl booth, ambient noise in the 
background has a large effect on what can be heard (i.e., the critical ratio). Therefore, the critical 
ratio (Figure 6) provides the metric for estimating the effects of noise on the audiogram because it 
shows the level (in dB) that a pure tone must be above the spectrum level of noise in order to be 
heard. 

The realization that all hearing in natural settings are masked thresholds and that a signal, in order 
to be heard, must be a certain level above the noise, provides a way to estimate the effect a 
particular continuous noise on the hearing of the typical bird. In the case of the 84 dBA traffic 
noise illustrated in Figure 8, there is a large masking effect from traffic noise at low and mid 
frequencies of the bird audiogram but less at high frequencies. Birds living in city environments 
tend to have higher pitched vocalizations than their rural counterparts because there is less masking 
from traffic noise at higher frequencies in rural environments. 
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Figu-e S: The Effects of Traffic Noise of 84 dBA on Hearing Thresholds ol tile Typical Bird 
The effects of traffic noise illustrated earlier in Figure 2 raises a bird's threshold. The solid line shows the auditory 
thresholds (audiogram) in the quiet The dashed line above the audiogram shows elevated thresholds due to 
masking by traffic noise at a level of 84 dBA. Thresl\olds are c:onsiderably elevated at low• to mid-frequencies. 

4. Effeds of Traffic and Construction Noise on Birds--A Review of Relevant Literature 

A. Overview 

Reviewing effects of traffic noise on biids has been challenging in several ways as; it is difficult 
to find an effective way to evaluate infonnation from very diverse perspectives to arrive at a useful 
predictive tool. One challenge is separating the effects of noise on birds from the effects of other 
variables (usually visual, but possibly vibratory or olfactory) that may occur along with the noise. 
Another challenge is in is applying findings from well-controlled laboratory studies involving a 
few species to the effects of noise exposure on birds in their natural environments. Under 
controlled circumstances in the laboratory, hearing capabilities can be measured to a precise 
degree. As mentioned above, these measures, when taken to the field, represent a worst case in 
terms of predicting the effects of noise on birds. This is because in laboratory studies, the noise is 
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presented continuously, the signal and the noise are coming from the same location, and any other 
environmental cues ordinarily associated with the signal (e.g .. visual cues) or the noise that might 
aid auditory perception of important biological signals in a natural setting arc not present. Wild 
animals use an array of short term and long tenn strategies for counteracting the effects of noise 
in more natural environments, as described later. These are similar to the behaviors that humans 
employ in trying to hear and communicate in a noisy environment such as turning the head, raising 
the voice, moving closer to !be source. etc. 

Studies and reviews of the effects of traffic and construction noise on birds are often included in a 
broader literature on the etlects on birds of other noise sources, most notably those produced by 
aircraft (airplane or helicopter) over-flight (e.g., Brown, L 990). Such studies sometimes provide 
insight into the effects of noise on breeding biology (e.g., Bunnell t'/ al., 1981 ). survival of eggs 
and young birds (Burger. 1983: Leonard and Hom. 2008). and non-auditory physiological effects. 
A number of these papers might also serve as more controlled experimental studies where the 
effects of noise on birds could be isolated and understood, and such studies may provide guidance 
for the type(.s) of studies that are needed in order to better understand the eflects of traffic and 
construction noise on birds. 

At the same time, the characteristics of noise from aircraft is sufficiently different from that 
produced by traffic that extrapolation from one set of response data to the other is very difficult 
(Stansfeld el al .• 2005; Murphy and King, 2014) and perhaps should not be done at ali. These 
differences include sound level and temporal distribution. Generally, at similar distances from the 
!murce, aircraft noise is far more intense than noise from roadways. Moreover, exposure to aircraft 
noise is almost always intennittent., whereas traffic noise can often be characterized and modeled 
as a continuous, lower level noise source. Birds respond to such differences in sounds in different 
ways; therefore, it becomes questionable whether it is possible to extrapolate between sound 
sources in trying to assess the effects oftramc noise on birds. 

There is considerable evidence that road noise can contribute to stress and alter human physiology 
in many ways (Miller, 1974; 1)hrstrom and Rylander, 1982; Ohrstrom and Bjorkman. 1983; Ouis. 
2001; Le Prell et al., 2012; Murphy and King, 2014). While c-.aution should rule in the extrapolation 
of data from humans to birds or other animals, the many similarities in physiology between humans 
and birds, and the reliance of both on sound for communication, suggests the possibility th.at stress 
and physiological effet:ts on hwnans may be paralleled in birds (and other terrestrial vertebrates). 

B. Birds and Traffic and Construction Noise 

As pointed out at the beginning of this Guidance Document, the world is becoming a noisier place 
and the cost of chronic noise exposUJe for terrestrial organisms could become significant (Barber 
et al., 2010; Pijanowski et al., 2011 a, b; Luther and Magnotti, 2014; Merchant eJ al., 2015), When 
the original 2007 report (Dooling and Popper, 2007) was written, there were relative fow well
controlled studies on the effecls of traffic noise on birds and a considerable amount of grey 
literature consisting of uncontrolled studies and anecdotal observations studies all S\lggesting the 
possibility of negative effects of traffic noise on birds. For instance, al that time there were reports 
from several investigators, later confim1ed and published, suggesting that there may be differences 
in vocalization!\ between city birds and country birds, with city birds generally singing at a higher 
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pitch presumably due to greater amounts of low frequency noise from urbanization, including 
traffic noise (Nemeth and Brumm, 2009; Nemeth and Brumm, 201 0a; Slabbekoom et al., 2012). 
However, these stuc.lies in aggregate also led to two other inescapable conclusions: there were 
likely to be large species differences in susceptibility to increased noise, and there is an enormous 
challenge ahead in pinpointing the precise effects of traffic and construction noise on birds. 

However, in the past eight years, there has been a number of more refined laboratory and 
experimental field research and observations published in peer-reviewed journals that has clarified 
some of the outstanding issues that were identified in earlier work. There is now a body of scientific 
literature which allows much stronger statements regarding the effects of noise on birds and the 
strategies birds use to adapt to increasing noise levels. While there are still numerous questions, 
especially with regard to species differences. it is overwhelmingly clear th.at many species of birds 
do respond to tmffic noise (though no studies have focused on construction noise). However, it is 
also becoming apparent. as also discussed below, that many bird species successfully use the same 
kinds of strategies that humans and other animals use to hear and communicate in a noisy 
environment such as that created by traffic noise, 

Results up to 2007: Many of the key issues involving the effects of traffic noise on birds were 
raised in the earlier literature, as were suggestions for future research. More recent findings have 
relied on this earlier work, and there is now a growing body of data that resolve some of the earlier 
issues. This Guidance Document focuses a review on this more recent data. For a complete review 
of the earlier work, please refer to the original report (attached as Appendix 

Many of these earlier studies were in a very real sense pioneering. They also in many cases 
revealed considerable species variation and often did not have sufficient control of critical 
variables; therefore, these studies could not isolate the potential effects of highway noise on birds 
or provide general guidance (Clark and Karr, 1979; Fen·is, 1979; Van der Zande el al., 1980; 
Reijnen and Foppcn, 1994; 1995; Reijnen et al., 1995; Lee and Fleming, 1996; Llacuna el al., 
1996; Kuituncn et al, 1998; Rcijneu et af., 1998; Clench-Aas et al., 2000; Stone, 2000; Femandez
juricic, 2001; Forman el al., 2002; Peris and Pescador, 2004). This literature has been reviewed 
several times in recent years {e.g .• Sarigul-Kliju et al., 1997; K.aseloo, 2005; Warren el al., 2006; 
van der Ree et al., 201 I; Ortega. 2012; Slabbekoorn et al., 2012; Merchant et al., 20 IS); therefore, 
it will not be re-reviewed here. Instead, issues arising from this earlier work are listed below as a 
framework in which to understand the more recent, and generally more scientifically rigorous, 
work that has followed. 

1) Wl1at evidence is there to suggest that results from one species or set of conditions can 
be generalized to all bird species? 

2) Which aspects of a bird's behavior are likely to be affected by traffic noise? 
3) How can one be sure that the effects oftraftic noise on a bird is due to noise and not to 

other accompanying visual (i.e .. moving vehicles) or olfactory (i.e., exhaust emissions, 
or tactile (i.e., vibration) stimuli? 

4) Most studies are of adult birds. What are the effects of traffic noise on birds that must 
learn their vocalizations from auditory information? 

5) Laboratory masking studies typically use white noise. Do the general masking 
principles emerging likely to hold for other anthropogenic noises? 
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Studies Since 2007: Many of the more recent studies discussed below add more high-quality 
information to the growing body of literature on this topic. Other studies are aimed specifically at 
some of the lingering questions from the last review and now allow conclusions on these questions, 
leading to an overall better understanding of how construction and traffic noise could impact birds. 

Regarding the prevalence of noise effects on birds, a within-genera comparison of singing in 529 
bird species within I 09 genera has recently sh,)wed that species occurring in urban environments 
generally vocalize at higher frequencies than non-urban congeneric species without differing in 
body size or the vegetation density of their natural habitats (Hu and Cardoso, 2009, 2010). For 
example, white-crowned sparrow (Zonotrichia leucophrys) song increased in minimum frequency 
from 1969 to 2005 in San Francisco, and male birds responded more strongly to current songs than 
to earlier songs indicating current songs are most effective in the noisier environment (Luther and 
Baptista, 2010a; L\lther and Derryberry, 2012; Luther and Magnotti, 2014). 

For some species, it is clear that the whole communication process is affected and not jm;t by the 
level of noise but by the actual signal-to-noise ratio. European robins ( Erithacus rubecula) were 
presented with two playback songs, one with noise, one without; the male birds responded to the 
song in noise with increased minimum frequency and decreased song complexity and song 
duration (McMullen et al., 2014). 

In another study, low frequency traffic noise reduced female canary responsiveness to Jow• 
frequency. more attractive songs but did not affect responsiveness to high-frequency songs (Huet 
des Aunay et al., 2014). In the great tit (Panis major), low frequency songs by males are related 
to female fertility and sexual fidelity. Urban noise impairs male-female communications shifting 
communication to higher frequency songs (Halfwerk et al., 201 )). Interestingly, artificial noise in 
nest boxes shows that female great tits can steer male singing behavior under noisy conditions, 
making males sing closer to the nest boxes even though males were not themselves exposed to 
noise {Halfwerk er al., 2012). In another srndy, great tits were 6 dB better at detecting high 
frequency songs than low frequency songs in urban noise, but not in woodland noise. Moreover, 
discrimination between low frequency variants of song was less efficient than discriminating high 
frequency variants. High frequency elements were used by birds in urban noise, while all song 
e)ements were used in discriminating between songs in woodland noise (Pohl et aL 2012). 

A great deal of research has also examined the relation between the increase in vocal intensity and 
the increase in vocalization frequency and whether there is a cause-effect relationship between 
these changes or if they occu..r independently (reviewed in (Zollinger et al., 2012}. Some birds 
adjust both loudness and peak frequency in their songs to compensate for traffic noise rather than 
simply ad.iusting loudness with a correlated frequency shift (Cardoso and Atwell, 2011 ). Other 
species vary multiple parameters. With increasing noise levels, plumbeous vireos ( Vireo 
plumbeus) sang shorter songs with higher minimum frequencies while grey vireos (Vireo vicinior) 
sang longer songs with higher maximum frequencies suggesting that vocal plasticity may help 
some species occupy noisy areas (Francis et al., 2011 a, b ). But the results are likely 
environmentally detemtined. The common blackbird (Turdus merula) preferentially sang higher 
frequency songs elements that can be produced al higher intensities and, at the same time, are less 
masked by low frequency traffic noise (Nemeth ef al., 2013b). 
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But it was also shown that for the common blackbird and the great tit, increasing frequency (song 
pitch) was less effective al increasing communication distance in noisy environments than was 
increasing vocal amplitude (Nemeth and Brumm, 20 I 0a). Silvereyes (Zosteraps lateral fr) exposed 
to low and high frequency noise lowered the minimum frequency of their calls, and this shift was 
independent of amplitude which increased in all noises. Thus, silvereyes are clearly capable of 
flexihle adjustments of call frequency, amplitude, and duration to maximize signal-to-noise ratio 
in noisy environments (Potvin and Mulder, 2013). 

The variation noted in the earlier literature is still a leading finding. There are substantial species 
differences in which song features are adjusted. In the house wren (Troglodytes aedon), 
anthropogenic noise reduced bandwidth, increased trill rate, and increased minimum frequency 
(Redondo et al., 2013). On the other hand, both northern cardinals (Cardinalis cardinalis) and 
American robins (Turdus migratorius) increased frequency range as noise increased but did not 
change song length or sjnging rate (Seger-Fullam et al., 2011 ). A study in house sparrows (Passer 
domesticu.i) revealed that chronic noise exposure reduced fitness by masking parent-offspring 
communication rather than male-female communication (Schroeder et al., 2012). Moreover, 
black-capped chickadees (Poecile atricapillus) use shorter, higher frequency vocalizations when 
traflic noise is high, and longer. lower frequency songs wlien noise abates (Proppe et al., 2011). 
The same species sing at higher pitches with elevated anthropogenic noise but not with decreasing 
canopy cover, suggesting noise is the main factor, and not vegetation, that leads to increased song 
pitch (Proppe e/ al., 2012). Finally, a pattern seen among seven songbird species is that noise 
contributes to declines in urban diversity by reducing the abw1dance of select species in noisy 
areas. especially species with low frequency songs (Proppe et al., 2013). 

Noise effects are complex, usually related Lo level, and can be both short- and long term. Serins 
(Serinus serinus), a small European songbird related lo canaries, responded to increasing levels of 
anthropogenic noise by increasing song activity up to noise levels of about 70 dBA, after which 
singing activity decreased with further increases in noise level (Diaz et al., 20 I 1 ). Male cardinals 
gave stronger responses to songs of average frequency than to songs with shifted frequency at low 
levels of background noise, but the difference disappeared at high noise levels, suggesting that 
frequency shifted songs were not advantageous in terms of communication at higher noise levels 
(Luther and Magnotti, 2014). Red-winged blackbirds (Agelaius phoeniceus) increased .song 
tonality when temporarily exposed to low frequency white noise, and birds living in noisier 
envirorum:mts showed increased tonality when singing in quiet, suggesting both short-term and 
long-term effects (Hanna et al., 201 I). On the other hand, male red buntings ( Emberiza bruniceps) 
adjusted their songs immediately in response to noise singing at higher frequency and a lower rate 
when noise level were high, suggesting short-tenn, rather than long-term, adaptations (Kane el al., 
2010). 

The effects of noise on bird songs are usually. but not always. negative. The female American 
kestrel (Falco sparvel'ius) had higher cortisol levels and abandoned nests more frequently near 
busy roads and developed areas (Strasser and Heath, 2013 ). ln a study of a munber of bird species 
in northwestern New Mexico. noise alone decreased nesting species richness and this led to 
different communities of birds with less interaction with one another. But. unexpectedly, this same 
noise indirectly facilitated reproductive success of individuals nesting in noisy areas as a result of 
disruption of predator-prey relationships {1-'rancis et al., 2009). Experimental noise exposure data 
in six European songbird species revealed a noise-related earlier start of dawn singing for two out 
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of six species but revealed no impact on four species with more variable starting times for dawn 
singing (Arroyo-Solis et al., 2013). 

Another study of six different American songbird species also found that the effects of urban noise 
on song were mixed. Minimum song frequency increased with noise level for two species, with 
those species singing in lower frequencies being most affected. On the other hand, maximum 
frequency and frequency range decreased for two species, with increasing urban noise at quiet sites 
(Dowling el al., 2011). A recent paper examined the effects of noise on a bird's ability to 
discriminate between various levels of song degradation-a cue used by birds to gauge the distance 
from other singing birds. The great tit's overall responses in a noisy dawn chorus were, 
unexpectedly, very similar to their perfonnance in silence. 

Finally, W11re et al. (2015) conducted a well-controlled and designed study that separated the 
effects of traffic noise from the other sensory effects that accompany traffic noise such as exhaust 
(i.e., olfactory) and vehicular traffic (i.e., visual) by creating a "phantom road.'' Results across 
species were decidedly mixed. Some species avoided the noisy area, and some lost weight, while 
others did nol. [l's possible thal presenting traffic noise without the attendant visual (e.g., moving 
vehicles). olfactory (i.e .. exhaust emissions}, and tactile (i.e., vibration) cues is itself stressful to 
some birds because these cues all nonnally occur together. Results from these recent studies 
confirm that the effects oflrafiic noise remain complicated and arc highly likely 10 vary by species 
and other comlitions {see also Merchant el al., 2015 ). 

Recent studies with young birds and nestlings. add even more complexity to the mixed effects 
described above. Young hirds would not be expected to have had experience with noisy objects, 
such as vehicles, in their environment and, thus, the effects of noise alone might be easier lo gauge. 
Crino et al (2013) showed nestling white crowned sparrows (Zonolrichia leucophrys) exposed to 
traffic noise had lower glucocorticoid levels and improved condition relative to contrnl nests. 
Nestling Eastern bluebirds, young enough to be constrained to the nestling box were recorded in 
their natural habitat at various locations from quiet to near highways, parking Jots, and other noisy 
environments. Birds did not increase the amplitude or structural characteristics of the begging calls 
in response to increasing noise levels (Swaddle eJ al., 2012). On the other hand, a recent study on 
zebra finches by Potvin and MacCougall-Shackleton (201 S) showed that chronic, Iong-tenn 
exposure to traffic noise in an experimental setting had hoth immediate and long-term effects on 
song bttt not in a way that would reduce masking. Moreover, the noise exposure resulted in a 
decrease in corticosterone suggesting reduced stress. 

Finally, a recent study examined the effects of traffic noise played to juvenile free-living house 
sparrows (Passer domesticus) and showed that exposed birds had shorter telomeres (chromosome 
ends) than birds not exposed, although the experimental and control birds were identical in all 
other ways, including health (Meillere el al., 2015). Telomeres decrease in size wilh aging, and it 
is generally accepted that there is a correlation between telomere length and longevity. Thus, these 
results, though the first or their kind and only for single species, suggest a new mechanism by 
which traffic noise might affect birds. 

The emerging picture from the latest research on the effects of noise on birds is one of more careful 
data collection and focused research designs but wi.th complex outcomes still occurring and large 
species differences still the rule. Finally. extreme noise events may also have more exlreme effects. 
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Using weather radar technology, it was documented that thousands of birds take flight following 
evening fireworks displays lasting 45 min. Th.e peak densities of11eeing birds extended to altitudes 
of at least 500 feet (Shamoun-Baranes el al., 2011 ). While this is the only report of its kind, it may 
have implications for the effects of short-term, high-level construction noise, especially when it 
occurs at night. 

Summary of Recent Studies 011 F;f/ecls ofTra.{/ic Nob;.: on Birds: The overall picture that emerges 
from the research since 2007 is still one of considerable complexity and variation. It is now 
abundantly clear that noise has a widespread effect on many species of birds. However. this is not 
to say that it is any easier to predict the specific effects of traffic noise on any particular species in 
its natural habitat. The recent literature also shows that the same noise can affect different species 
sometimes in the same way but often in different wayg. And it is still the case that there are clear 
examples where traffic noise actually benefits a species rather than causing harm. 

Nevertheless, it is difficult 10 argue with the notions that the world is an increasingly noisy place 
and noise affects birds and interferes with their acoustic communication. It follows that there 
should be an effort made to monitor anthropogenic noise and decrease noise levels where possible. 
The challenge ju pinpointing specific effects of noise or finding invai·iant noise levels that cause 
harm across conditions should not be surprising. The same lack of specificity is true of humans 
living and communicating in noisy environments. Personal experiences (e.g., conversing in a noisy 
restaurant) make it clear that humans can and do employ a plethora of both short-term and long
term adaptive strategies for communicating effectively in noise, which makes it impossible to 
determine that a particular type or level of noise is accurately p.-edictive. It is evemlore clear from 
field studies and well-controlled laboratory studies that birds can and do use human-like strategies, 
described below, for counteracting lhe effects of an increasingly noisy environment. And, as with 
humans, it is possible from laboratory studies on birds to define a level of noise that would 
represent a "worst case" scenario in terms of interfering with acoustic communication. In other 
words, there is a precise signal-to-noise ratio at the ears below which communication is impossible 
without employing short term adaptation strategies (Le., those typically available to freely moving 
hire.ls in their natural habitat). That signal-to-noise value comes from laboratory studies and is the 
critical ratio. 

C. Short-Term Adaptations to Noise Masking 

A critical question is how birds, or any animal, including humans, adapt lo noise (traffic) masking 
in the short tem1. Based on both highly controlled laboratory and field studies, it is apparent that 
in natural settings, birds can use many strategies to maximize their hearing in noise. For one, birds 
arc able to adjust the characteristics of their vocaliwtions in response to temporary changes in the 
background noise. There is now a considerable amount of literature demonstrating that birds can 
adjust the amplitude of their vocali7.ations in response to increased noise by a phenomenon first 
referred to in humans as the l .ombard effect. A number of species of birds have been shown to 
raise the level of their vocal output by as much as l 0 dB in the presence of moderate background 
noise that is loud enough affect the bird's perception of its own vocalizations (Potash, 1972; Cynx 
et al., 1998; Manabe el al., 1998; Brumm and Todt 2002; 2003; Hu and Cardoso, 2010; Nemeth 
et al., 2013a). 
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The ability of birds to adjust vocalization in lhe presence of noise has now been demonstrated by 
studying behaving birds trained to wear headphones while vocalizing (Osmanski and Dooling, 
2006). [n these experiments, presenting noise through headphones caused the bird to raise the 
amplitude of vocal output by as much as IO dB. These highly controlled laboratory studies are now 
complemented by a variety of field studies such as a study showing that males of the common 
nightingale (L11scinia megarhynchos) sing louder in noisier territories, and birds in urban areas 
sing louder on working days than on weekend days when noise levels arc reduced (Brumm, 2004). 

Paralleling what is known from humans communicating in noise, there is limited evidence that at 
least some birds use repetition rate or increases in call duration to increase the efficiency of signal 
transmission. Japanese quail increase the number of call syllables per call series in noise (Potash, 
l 972) and king ~nguins (Aptenodytes patugonicus) respond to increasing levels of background 
noise due to wind by increasing lhe number of syllables in their calls (Lengagne et al., 1999}. 

Birds are also capable of making short term alterations in the spectrum of thdr vocalizations 
(Hultsch and T o<lt, l 996; Manabe, 1997). The basic mechanisms for this was more recently 
examined in budgerigars trained to produce vocalizations while wearing headphones. Such birds 
can be induced to pitch-shift their vocalizations in real time. Artificially shifting the pitch of 
auditory feedback of the bird's own vocalizations resulted in the bird compensating by shifting tlle 
pitch of its vocalization in the opposite direction (Osmanski and Dooling, 2009). These 
experiments demonstrate that birds have some short-tenn control over the pitch of their 
vocalizations and may use this ability to maximize infonnation transfer in a noisy environment. 

Clearly, humans can choose to communicate when noise levels are low and limit communication 
when noise levels are so high as to make communication impossible. It is also ,,veil known !hat 
hirds can adjust the timing of their vocalizations to avoid competition for acoustic space with other 
species or to coincide with low noise periods to prevent auditory masking (Cody and Brown, 1969; 
Wasserman, 1977; Ficken et al., 1985; Popp el al., 1985; Popp and Ficken, 1987; Evans, 1991; 
Luther and Baptista, 2010b; Nemeth and Brumm, 2010b). 

Rirds (hoth senders and receivers) can also behaviorally counteract the effects of masking noise 
on acoustic communication by changing their location. One strategy that can improve signal-to
noise ratio is to move to a position in the habitat in which lhe transmission pathway is better for 
the signal than the noise (Brumm and Slabbekoom, 2005). Thus, moving higher up into the canopy 
of the vegetation is another response that will improve the signal-to-noise ratio (Mathevon el al .. 
1996; Holland et al., I 998). With European blackbirds (Turdus merula), it is estimated that moving 
up from the ground to a perch at about 9 meters (29.5 feet) high would result in an increase in 
audibility that is comparahle to the receiver moving 90 meters (295 feet) closer to the sender 
horiwntally (Dabelsteen et al., 1993). 

Birds (like humans and other binaural animals) enjoy a "spatial release" from masking when th.e 
noise source is spatially separated from the signal source. That is, when the signal to be detected 
comes from a different location in space than the noise, having two ears leads to an improvement 
in signal detection (Popper and Fay, 2005). In human hearing, this can represent a large effect, but 
there were some questions whether birds, with their closely spaced ears, would enjoy a similar 
benefit (Dent et al., 1997). A Laboratory study with budgerigars under controlled conditions has 
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shown that the amount of this masking release is can be as much as I 0-15 dB when the noise and 
the signal arrive at the bird's ears from 90 degrees apart (Dent et al., 1997) paralleling the 
advantage gained by humans when they scan the environment using head movements to hear a 
weak acoustic signal. Recalling that sound pressure decreases roughly 6 dB with each doubling of 
distance, this could translate into a quadrupling of distance over which two birds could 
communicate if they position themselves optimally with regards the noise source (i.e., at 90 
degrees). 

D. Lang-Term Adaptations to Noise Masking 

Even without human-generated noise, natural habitats have particular patterns of ambient noise 
(the acoustic scene) resulting from, among other things, wind, animal and insect sounds, and other 
noise-producing environmental factors such as a streams, waterfalls. etc. Biologists have long 
suspected that such noise has exerted a selection pressure on the evolution of acoustic signals, 
especially in birds (e.g., Morton, 1975; Brenowitz, 1982; Wiley and Richards, 1982; Ryan and 
Brenowitz, 1985; Slabbekoom, 2004; Smith et al., 2008, 2013). Brumm and Slabbckoom (2005) 
reported that the large-billed leaf-warbler (Phylfoscopus magnirostris), which lives close to river 
torrents in the Himalayas, evade masking of their territorial songs by producing high-pitched notes 
in narrow frequency bands around 6 kHz (Dubois and Martens, 1984). In fact, differences in song 
or call structure based on differences in habitat have been rcponcd, or suspected, in a number of 
avian species (Douglas and Conner, 1999; Slabbekoom and Smith, 2002; Slabbckoom and Peet, 
2003), such as for the songs of little greenbuls (Andropadus virens). It remains an intense area of 
study as to whether a given vocalization is adapted to environmental noise by evolutionary 01· 

ontogenetic changes or both. 

E. Estimating Maximum Communication Disumce benveen Two Birds Using Laboratory 
Masking Data 

The question of whether noise affects vocalization stmcture raises a parallel question of how much 
noise is too much. In other words, how loud does a noise have to be before the bird must begin to 
alter the structure of its vocalizations in order to communicate? To address this question with 
quantitative rigor, Lohr et al. (200J) examined the effects of masking on the detection and 
discrimination of species-specific vocalizations in zebra finch and 1he budgerigar using two 
different lypes of continuous noise-<>ne a flat, broadband noise and the other shaped like traffic 
noise with more energy at low frequencies and less at high frequencies. 

Lohr and his colleagues used both budgerigar vocalizations (narrow band and tonal) and zebra 
finch vocalizations (broadband and harmonic) and measured both detection and discrimination 
because being able to detect a sound is not the same as being able to discriminate effectively 
between sounds or to recognize a particular sound, Results show exactly this for -it requires 
slightly better signal-to-noise ratio for birds to discriminate between two sounds in noise 1han to 
detect the sounds in noise at equivalent levels of performance. This is much like the case of 
perceiving speech. in human listeners where hearing or detecting speech is not the same as actually 
hearing it well enough to understand what is being said. 

These results enabled the investigators to estimate the theoretical maximum communication 
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distance (dmc) by solving the following equation adopted from Marten and Marler (Marten and 
Marler, 1977) and Dooling (Dooling, 1982): 

d.,. EA•d'"' 
Drop=20•1og - + -

d. JOO 

Drop: the amount of signal attenuation from source intensity to that at 
threshold; 

dmc: the maximum communication distance: 
do: the distance at which source intensity is measured; and 
EA: the amount of excess attenuation (linear attenuation, not due to 

spherical spreading). 

Solving the above equation for both detection and discrimination of each species calls in both 
types of noise, and it is possible to generate a series of curves to describe maximum effective 
communication distances for a given level of background noise (Lohr et al .. 2003). In this 
analysis, a source intensity level of 95 dB SPL at 1 meter was assumed, as was an excess 
attenuation of 5 dB/JOO meters (appropriate for an open area) (Lohr et al., 2003). These values fall 
within the range of those measured in the field but are near the high end for source intensity 
(Brackenbury, 1979a, b) and the low end for excess attenuation (Marten and Marler, 1977; 
Brenowitz, 1982). 

Such an approach provides a way to estimate maximum communication distance wider fairly good 
conditions from the perspective of a receiver and revealed both species differences and 
vocalization differences. The results demonstrate that it is easier for birds to hear vocalizations in 
traffic noise than flat noise. A bird can detect and discriminate budgerigar caJls at longer distances 
than it can zebra finch calJs. Budgerigars do better than zebra finches. And the distances over 
which signals may be discriminated are shorter than distances at which those same signals may be 
detected. These predictive distances from the laboratory masking data do not take into account any 
gains from short tenn adaptation strategies animals are able to use in their natural habitats. So, the 
distances obtained from this model represent the worst case scenario. 

F. Putting It All Together-Predicting the Effects of Noise on Bird Acoustic 
Communication 

It is dear that acoustic communication can be constrained if background noise is of a 
sufficient level, and can become impossible in very high noise levels. These effects occur 
because the noise decreases signal-to-noise ratios, thereby limiting the acoustic space of a 
sound. Noises can be continuous or intermittent, broadband or narrowband, and predictable 
or unpredictable in time or space. Background noise makes It harder for an animal (Including 
humans) to detect sounds that may be biologically relevant, to discriminate among these 
sounds, to recognize these sounds, and to communicate easily. 

Since the early studies by Lohr et al. (2003), more recent work (Dooling and Blumenrath, 
2014) has elaborated on predicting communication distance in noise by considering not just 
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detection and discrimination, but other meanings of hearing, including recognition and 
comfortable communication. lt is now clear that signal discrimination requires a higher 
signal-to-noise ratio than detection; that recognition in both humans and birds requires an 
even higher signal-to-noise ratio than discrimination; and comfortable communication 
requires an even higher signal-to-noise ratio (Lohr et al., 2003; Freyaldenhoven et at., Z006). 
Interestingly, there is about a 3 dB difference in signal to noise ratio required between 
detection (i.e., the critical ratio) and discrimination, and between discrimination and 
recognition for both birds and humans. h is not possible to measure comfortable 
communication in a bird, but in humans a signal-to-noise ratio of about 15 dB is required. 
The similarity between birds and humans on the different signal-to-noise ratios required for 
detection, discrimination, and recognition strongly suggest that the 15 dB signal-to-noise 
ratio required for comfortable communication can probably also be applied to birds. 

The approach developed from the above discussion integrates the spectrwn level of the masking 
noise, how well the bird hears in noise (i.e., the critical ratio), the level at which the bird sings 
(Brackenbury, 1979b ). as well as some simple acou~tic characteristics of the environment. The 
model is based on the spectrum and the level of both the noise and the signaler' s vocalization at 
the receiver's ear. These values for spectrum and level of noise and signal can either be measured 
directly or they can be estimated by applying signal attenuation algorithms to both the noise source 
and the signal source. The model is particularly relevant because it incorporates the notion that 
different audilory behaviors from detection (i.e., the critical ratio} to communicating comfortably 
(i.e., 15 dB greater signal-to-noise ratio than the detection threshold). For the listening bird, the 
model provides distances corresponding to the human perceptual experience of communicating 
comfortably versus just being able to detect that something was said. 

Figure 9 shows the effects of anthropogenic traffic noise on four different auditory behaviors based 
on the median bird critical ratio function (see Figure 7 and discussion of masking). The specific 
case illustrated is for a background noise level at the listening bird of 60 dBA-a level that is 
typical of traffic noise measured roughly 300 meters (984 feet) from a busy 6 lane roadway. This 
example assumes the calling bird is vocalizing at a peak SPL of IO0 dB (as measured I meter (3.3 
feet) from the bird) through an open area and that the vocalization is affected by excess attenuation, 
in addition to the loss due to spherical spreading, of 5 dB/100 meters (328 feet). 

In this noise, a comfortable level of communication between two birds requires a distance between 
them of less than 60 meters ( 197 feet). Recognition of a bird voc11li:r.ation by the receiver can still 
occur at greater inler-bird distances up to about 220 meters (722 feet). Discrimination between two 
vocalizations is possible at inter-bird distances up to 270 meters (886 feet). And finally, simple 
detection of another bird's vocalization can occur at distances up to 345 meters (I, 132 feet) in this 
noise. These findings can be plotted in terms of a bird's active auditory space as in shown in Figure 
10 as a set of concentric circles with a listening bird in the center and a calling bii·d located at 
various distances from the listener representing the kind of auditory behavior that is possible at 
that distance. 

G. Defining G11id~lines for Effects 

The model described above (Lohr et al., 2003; Dooling et al., 2009; Dooling and Blumenrath. 
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2014) ine-0rporates many factors that should be considered when establishing guidelines for the 
etlects of traffic and construction noise on birds. Based on psychophysicaJ thresholds measured in 
a laboratory setting, it shows maximum communication distance for a typical bird in a natural 
setting based on the intensity with which the bird vocalizes and the transmission loss from the 
environment due to the excess attenuation. The threshold for effect would also have to take into 
account what is known about the spectral characteristics of vocalizations, the distance over which 
conspecific acoustic communication (e.g., the territory size) normally occurs, and the existing 
levels of ambient noise. Noise levels that limit the maximum communication distances to a 
distance that is less than the diameter of the bird's territory size (or known communication 
distances in ambient noise) may have serious biological consequences. The level of natural 
ambient noise already present in the bird's environment is a key factor in detennining whether 
additional noise from traffic and construction would have any effect. Traffic or construction noise 
below ambient noise levels would not affect communication. 

0 
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Figure 9: The Effecls of Anthropogenic Traffic Noise on Four Differenl Behaviors Based on the Average 
Bird Critical Ratio Function 
Based on tlte traffic 11oise spectrum shown in Figure 2 at a level of 60 dBA, comfortable communication occurs 
up to 60 meters: recognition of a vocalization un oe<:ur up to about I 10 meters; discrimination between two 
vocalizations at about 270 meters, and detection at about 340 meters. Beyond this distance, a bird is not likely to 
detect the signal. This is based on laboratory critical ratio data and, chus, defines a worst case scenario. In a 
natural 5etting, birds would be expected to use 1beir demoosttated short-tenn adaptation 6trategies for 
communicating in noi51!. 

Clearly, variation in territory size, the size of the <:-ritical ratio among birds, and natural ambient 
noise levels are key variables that make it impossible to use a single noise level as a one-level-fits
all level in tenns of estimating whether traffic and/or construction noise is limiting communication 
distance by causing additional masking. In fact, species differences and habitat differences can 
make rather large differences in the distance. There are species differences in critical ratios and 
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therefore these plots would look different for different species. Because budgerigars hear better in 
noise (smaller critical ratios) than, for instance, canaries, under the same conditions of an open 
habitat canarit:s would a much smaller active vocal space than do budgerigars in the same amount 
of noise. The model use<i here is successful in predicting communication distance in a variety of 
environments and a variety of species. When this model js combined with commercial software 
(e.g., SoundPlan20) for predicting noise characteristics at different distances from a highway, a 
map can be made describing the bird's communication difficulty at any location from the highway. 

A diagrammatic representation of data in Figure 9 showing the quality of hearing for a bird in noise located at 
different dista11ces ftom a sound-emitting bird. A bird can just hear a vocalizations (i.e., detect it) at a much 
greater distance than is required for comfortable communication. This represents the worst case scenario based on 
critical ratio data from the laboratory artd does not include short•term adaptation strategies described earlier, 
which would im rove communication. 

Based on laboratory data, this Guidance Document recommends several guidelines--two dealing 
with hearing damage and threshold shift, one dealing with masking, and a fourth dealing with 
stress and annoyance. As illustrated in Figure 3, these guidelines are as follows. 

(1) Received noise leve)s less than 110 dBA SPL continuous are extremely Wllikely to cause 
hearing damage or pennanent threshold shift in birds. 

(2) Received continuous noise levels below 93 dBA SPL are unlikely to cause even temporary 
threshold shifts in birds. This value, based solely on bird studies, is in luumony with much 
of the literature on human hearing. Consider, for example, that OSHA standards require 
hearing conservation procedures only when noise levels in the workplace reach continuous 
levels of 85 dB A for 8 hours. 

(3) At further distances from the highway, once the received level of traffic and construction 
noise fulls below the ambient noise level (particularly in th.e region of 2-4 kHz), there is 

20 hap:tlwww.soundoJan eulengljsh,lsoundplan-acouuics/ 
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little or no additional masking of communication signals beyond what already occurs from 
natural ambient noise. 

(4) In the absence of empirical data from birds, received levels of lraffic and construction noise 
known to annoy humans provide a useful interim guideline for the potential to cause 
physiological stress and behavioral disturbance in birds. Generally, construction noise, 
because it is both short term and more intermittent, is likely to have less of an effect that 
traffic noise. This is expected except in rare in cases where birds may remain in close 
proximity to very high level impulsive noise as from pile driving. 

Two common sense guidelines also arise from review of the data on masking. First, the typical 
human listener can hear traffic and construction noise at distances 2-4 times greater than can tile 
typical bird. [l follows that traffic and construction noise from either traffic or construction activity 
tl1at is just barely audible to humans at any given distance. almost certainly cannot be heard by 
birds at the same distance. Second, the converse is also true, if a human listener can barely hear a 
bird singing against a background of traffic and construction noise, masking data suggest that 
another bird would have to hat f again as close lo singing bird in order to hear it. In this case, using 
human hearing as a guide underestimates the effects of noise on bird communication. 

5. Summary and Overview of the Effects of Traffic Noise on Birds 

I) Stress and physiological effects: 
a) TI1ere are no studies definitively identifying traffic noise as the critical variable affect bird 

behavior near roadways and highways. 
b) There are well-documented adverse effects of sustained traffic noise on humans, including 

stress. physiological and sleep disturbances, and changes in feelings of well-being that may 
be applicable, whet\ viewed with care, to birds. 

c} Trame/construction noise below the bird's masked threshold has no effect. 

2) Acoustic over-exposure: 
a) Birds are more resistant to both temporary and pennanent hearing loss or to hearing 

damage from acoustic ovcl'exposure than are humans and other animals that have been 
tested. 

b) Birds can regenerate the sensory hair cells of the inner car, thereby providing a mechanism 
for recovering from intense acoustic over-exposure, a capability not found in mammals. 

c) The studies of acoustic over-exposure in birds have considernblc relevance for estimating 
hearing damage effects of traffic noise, non-continuous constmction noise, and for 
impulsive-type construction noise such as pile drivers. 

3) Masking: 
a) Continuous noise of sufficient intensity in the frequency region of bird hearing can have a 

detrimental effect on the detection and discrimination of vocal signals by birds. 
b) Noise in the spectral region of the vocalizations has a greater masking affect than noises 

outside this range. Thus, traffic noise will cause less masking than other environmental 
noises of equal overall level but that contain energy in a higher spectral region around 2-4 
kHz (e.g., insects, vocalizations of other birds). 
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c) Generally, human auditory thresholds in quiet and in noise are better than that of the typical 
bird, which leads to the following conclusions: 

(I) Tht: typical human will bt: able to hear single vehicle, traffic noise, and construction 
noise at a much greater distance from the roadway than will the typical bird, thereby 
providing a valuable, common sense, easy-to-apply, risk criterion. 

(2) However, the typical human will also be able to hear a bird vocalizing in a noisy 
environment at twice the distance that a typical bird, meaning that relying on human 
hearing underestimates the effects of noise on bird communication. 

d) From knowledge of: (i) bird hearing in quiet and noise, (ii) the Inverse Square Law, (iii) 
Excess Attenuation in a particular environment, and (iv) species-specific acoustic 
chal'acteristics of vocalizations, reasonable predictions can be made about possible 
maximum communication distances between two birds in continuous noise. 

e} The amount of masking of vocalizations can be predicted from the peak in the total power 
spectrum of the vocalization and the bird's critical ratio (i.e., signal-to-noise ratio) a{ that 
frequency of peak energy. 

f) Birds, like humans and other animals, employ a range of shot1-term behavioral strategies, 
or adaptations, for communicating in noise, resulting in a doubling to quadrupling of the 
efficiency of hearing in noise. 

4) Dynamic behavioral and population effects: 
a) Any components of traffic noise that ai·e audible to birds may have effects independent of 

and beyond the effects lis{cd above. At distances from the roadway where traffic noise 
levels fall below ambient noise levels in the spectral region for vocal communication (i.e., 
2-8 kHz), low level but audible sound in non-communication frequencies (e.g., the 
rumbling of a truck) can potentially cause may cause physiological or behavioral 
responses). Beyond effects due specifically to traffic noise, since the more recent literature 
points to noise as possibly having wide ranging effects on birds, consideration must be 
given to tltc additive effects of traffic noise and environmental noise. 

5) Extrapolation of data from humans and birds to other species: 
a) Since there is substantial variation in bird hearing and behavior, considerable care must be 

taken when trying to extrapolate data between species, and pat1icularly when the sp~ies 
have different hearing capabilities and acoustic behaviors. 

b) Data from humans has relevance to Wl.derstanding effocts of sound in birds. Ju particular, 
data on physiological effects in humans may have implications for birds, but additional 
study is needed. 

6} Much more data are needed on: 
a) Physiological effects of sound on birds. 
b} How responses vary between species with regard to masking, hearing loss, and hearing 

recovery. 
c) Hearing in young animals and how this compares to that in adults. 
d) Additional, and carefully selected, species so there is a large enough database from which 

to allow extrapolation between species, and broader generalizations on effects of noise on 
birds. 

e) A broader range of studies, as discussed in detail in Appendix F. 
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6. Estimatin~ Effects of Traffic Noise on Birds, Rationale, and /,rterim Guidelines 

This Guidance Document has reviewed three classes of potential effects of traffic noise on birds. 
The basis of the guidelines for each class of effects differs. Table 3 and Figure 3 provide specific 
inte,.im criteria. 

1. Behuvioral and/or physiological effects: There are no definitive studies showing that traffic 
noise exclusively (as opposed to correlated variables) has an adverse effect on birds. While a 
wealth of human data and experience suggest tl'affic noise could have a number of adverse 
effects, there are several studies (e.g., Awbrey el al .• 1995) showing that birds (as well as C•ther 
animals) adapt quite well, and even appear sometimes to prefer, envit'onments that include high 
levels of traffic noise. Given the lack of empirical data on this point, it is recommended using 
subjective human experience with the noise in question as an interim guideline to estimate 
acceptable noise levels for avoiding stress and physiological effects. Noise types and levels 
that appear to increase stress and adverse physiological reactions in humans may also have 
similar consequences in birds. 

2. Damage to hearing from acoustic overexposure: In contrast to the above, there are many 
definitive studies showing the effects of intense noise on bird hearing and auditory structures. 
These extensive data show that birds are much more resistant to hearing loss and auditory 
damage from acoustic overexposure than are humans and other mammals. Traftic and 
construction noise, even at extreme levels, is unlikeJy to cause threshold shift, hearing loss, 
auditory damage, or damage to other organ systems in birds and, therefore, interim guidelines 
for hearing damage from traffic and construction noise are probably not needed. Constrnction 
noise, such as impulse noise from pile driving, does reach high levels and may be capable of 
causing damage to auditory stmctures in birds. 

3. Masking of communication signals and Q/her biofogicaJ/y relevant sounds: Many laboratory 
masking studies show precisely the effects of continuous noise (including tratl1c noise) on 
sound detection in over a dozen species of birds. These studies describe a sort of worst case 
scenario because the noise is continuous and the myriad of short-term adaptive behavioral 
responses for mitigating the effects of noise are not available to the bird in a laboratory test 
situation. These masking studies led to an overall noise level guideline of around 60 dBA for 
continuous noise. Since this 60 dBA criterion was developed, however, controlled laboratory 
and field studies have extended the range of species differences in signal-to-noise ratios as well 
as the gain in signal-to-noise ratio that occurs with various short-term, adaptive behavioral 
responses that birds might use in natural environments. Critical ratios vary across species as 
much as 10 dB, strongly suggesting that acoustic communication in some species might be 
aftected by an overall traffic and construction noise level even less than 60 dBA, while others 
would not. for some other species, communication between individuals, especially if they can 
employ sho11-term behavioral strategies for hearing in noise, might be unaffected at even 
higl1er levels of noise perhaps approaching 70 dBA. These short tenn behavioral adaptations 
include scanning (head turning), raising vocal output, and changing singing location. Each of 
these strategies alone can result in a significant gain in signal level or signal-to-noise ratio of 
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about 10 dB (under masking conditions). and birds can employ all three strategies 
simultaneously. 

4. Practical guidelines ari.<;ingfrom masking studies: There is a common sense, extremely practical 
guideline that emerges from basic hearing knowledge of birds and humans. Specifically, the 6 
dB difference in masking (critical ratio) functions between the typical bird and human listeners 
with normal hearing provide two common sense guidelines: (I} Humans can hear traffic noise, 
in a natural environment, at twice the distance from the roadway/highway than can birds. In 
other words, if in a natural environment, distant traffic noise is barely audible to humans, it is 
certainly inaudible to birds, and will have no effect on any aspect of their acoustic behavior. 
(2) Humans can hear a bird singing against a background of noise at twice the distance than 
can the typical bird. This provides an informal estimate of maximum communication distance 
between two birds vocalizing against a background of continuous tratl1c noise. This works not 
only for the typical bird, hut it is probably also valid for most species. 

These recommended guidelines for estimating effects that tranlc noise has on masking in birds are 
interim guidelines for several reasons. 

l. The interim guidelines are based on median data from masking studies from a limited number 
of the thousands of bird species. Thus, they represent the typical bird, based on the species 
studied. However, it is important to recall that bird species can vary considerably in how they 
hear in the presence of noise; some have masked thresholds that approach those of humans, 
while others have masked thresholds that are 3-4 dB worse than thresholds for the typical bird 
presented here. Therefore, final noise guidelines will require testing more species with 
appropriate experimental adjustment for the species in question. 

2. Traffic noise characteristics are intluenced by transmission through the environment, as are the 
spectral, temporal, and intensive aspects of bird vocalizations through differences in excess 
attenuation. 
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Appendix A: Glossary 

Altricial: Species that arc in an undeveloped state at hatching or birth and require care and feeding 
from parents. 

Audiogram: A measure of hearing sensitivity, or threshold, at each frequency in the hearing range 
of an animal or human. 

Auditory brainstem response (ABR): A physiological method to determine hearing bandwidth 
and sensitivity of animals without training. Electrodes (wires) arc placed on the head of the 
animal just outside of the base of the brain (brainstcm) to record electrical signals ( emitted 
by the brain} in response to sounds that arc detected by the ear. These signals are averaged 
and used to detenuine if the animal has detected the sound. It is possible to determine 
auditory thresholds for fishes using this method. The same method is used for numerous 
other species, including measurement of hearing capabilities of newborn human babies. 

Auditory threshold; The lowest detectable sound, generally at a specific frequency. Most often, 
thresholds are the level at which a signal is detected some per cent of the time-often 50% 
or 70%. Absolute thresholds are the lowest level of signal that is detectable when there is 
no background (masking) noise. 

Bandwidth: The range of frequencies over which a sound is produced or received. 

Basilar papilla: The auditory region of the inner car of birds. The basilar papilla referred to as tllc 
avian cochlea since it may be evolutionarily related to the mammalian hearing organ, the 
cochlea. 

Broadband: Defined as noise that covers a wide range of frequencies relative to which the ear is 
sensitive. In contrast, narrowband noise covers only a limited number of (contiguous) 
frequencies. In relation to bird or human hearing, for instance, a broadband noise might 
contain sound energy from 100 to 10,000 Hz, whereas a narrowband noise may contain 
sound energy from 500 to 5 50 Hz. 

Critical ratio: Defined as the ratio of the intensity of a pure tone to the intensity per hertz of a 
noise (i.e., the spectrwn level) at a listener's threshold. For example, if a listener can just 
hear a 60 dB pure tone against a background of noise whose spectrum level is 40 dB, the 
listener's critical ratio is said to be 20 dB. In fact, the human critical ratio at 2 kHz is 
approximately 20 dB. 

Conspecific: A member of the same species. 

Decibel (dB): A customary scale most commonly used (in various ways) for reporting levels of 
sound. A difference of l0 dB corresponds to a factor of 10 in sound power. The actual 
sound measurement is compared to a fixed reference level and the decibel value is defined 
to be l 0 log10, (actual/reference), where (actuaJ/reterence} is a power ratio. Because sound 
power is usually proportional to sound pressure squared, the decibel value for sound 
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pressure is 20logio (actual pressure/reference pressure). As noted above, the standard 
reference for underwater sound pressure is 1 micro Pascal (µPa). The dB symbol 1s 
followed by a second symbol identifying the specific reference value (i.e., re I µPa). 

Effects: In this document, we have defined effect to mean any response by birds to traffic and 
construction noise. Our definition does not invoke or imply regulatory definitions of effect, 
as found in any law or regulation affecting birds. 

Frequency spectrum: See Speclrlun. 

Hertz (Hz): The units of frequency where I hertz = I cycle per second. 

Impulse sound: Transient sound produced by a rapid release of energy. usually electrical or 
chemical such as circuit breakers or explosives. Impulse sound has extremely short 
duration and extremely high peak sound pressure. 

KilnHertz (kHz): A unit of frequency representing 1,000 Hz. 

Noise: Generally an unwanted sound. Noise is often in the "ear of the beholder" in that a signal 
may be an imponant sound to one listener and unwanted "noise" to another. 

Noise level: The noise power, usually relative to a reference level. Noise level is usually measured 
in decibels (dB) for relative power or picowatts for absolute power. Levels are represented 
in dB to denote specific aspects of the measurement and to also indicate the reference base 
or specific aspects of the measurement. Most frequently, SOlUld levels for birds are 
referenced in tenns of dB or wdghted as dBA. 

Octave: An octave is any band where the highest included frequency is exactly two times the 
lowest included frequency. For example, the frequency band that covers all frequencies 
between 707 Hz and 1.414 Hz is an octave band. TI1e next octave band would be 1.414 to 
2,828. 

Ontogenetic: Development of an organism, usually from time of fertilization until it reaches its 
mature form. 

Otolithic organs: The end organs in the vertebrate ear (saccule, utricle, lagena) associated with 
determination of head position relative to gravity. Along with the semicircular canals, these 
make up the vertebrate vestibular system. 

Passeriformes: Song birds. 

Permanent threshold shift (PTS): A permanent Joss of hearing caused by some kind of acoustic 
or drug trauma. PTS results in irre\'ersible damage to the sensory hair cells of the ear, and 
thus a permanent loss of hearing. 
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Power spectrum: "For a given signal, the power spectrum gives a plot of the portion of a signal's 
power (energy per unit time) falling within given frequency bins. The most common way 
of generating a power spectrum is by using a discrete Fourier transform, but other 
techniques such as the maximum entropy method can also be used.''21 

Semicircular canals: Three canals in the vertebrate ear that are mutually perpendicular to one 
another. They are involved in the detection of angular acceleration of the head, and provide 
the brain with information aboul movement of the head (and body). They are critically 
important to help maintain fixed gaze of the eyes on an object, even as the head moves. 
The semicircular canals and lhe otolithic organs make up lhe vestibular part of the ear. 

Sensory hair cells: The cells in the basilar papilla and olher end organs of the ear that are 
responsible for converting (transducing) mechanical energy of sound to signals that can 
stimulate the nerve from the ear to the brain (eighth cranial nerve). 

Sound pressure level (SPL): The sound pressure level or SPL is an expression of the sound 
pressure using the decibel (dB) scale and the standard reference pressures 20 µPa for air 
and other gases. 

Spectrum level: The intensity level of a sound within a I Hz band. 

Spedrum (Spectra): A graphical display of the contribution of each frequency component 
contained in a sound. 

Temporary threshold shift (TTS): Temporary loss of hearing as a result of exposure to sound 
over time. Exposure to high levels of sound over relatively short time periods will cause 
the same amount of TTS as exposure to lower levels of sound over longer time periods. 
The mechanisms underlying TIS are not well understood, but there may be some 
temporary damage to the sensory hair cells. The duration ofTTS varies cJepending on the 
nature of the stimulus, but there is generally recovery of full hearing over time. 

Threshold: The threshold generally represents the lowest signal level an animal will detect in 
some statistically predetermined percent of presentations of a signal. Most often, the 
threshold is the level at which an animal will indicate detection 50% of the time. Auditory 
thresholds are the lowest sound levels detected by an animal at the 50% level. 

Weighting: An electronic filter which has a frequency response corresponding approximately to 
that of human hearing. Human hearing is most sensitive to sounds from about 500 Hz to 
4000 Hz, and less sensitive at lower and higher frequencies. The overall level of a sound 
is usually expressed in tem1s of dBA and this is generally mea<mred using a sound level 
meter with an "A-weighting" filter. The level of a sound in dBA is a good measure of the 
loudness of that sound. Different sources having the same dB A level generally sound about 
equally loud. 

21 From: http://mathworld.wolfram.com/PowerSpectrum.html 

litfects of Traffic & Road Construction Noise on Birds Page 65 of87 



This page lefl intenrionally blank 

Effects of Traffic & Road Construction Noise on Birds Page 66 of87 



Appendix R: Complete Table of all Behavioral Studies of Hearing in Bird§ 

!Order !Common Name Genus and Snecies Refer1m«s 
Anseriformes mallard duck 4nas nlatvrlivncho.t Trainer. 1946) 
l\nodiformes Australian 2rey switUet ::olhx:alia Snodionveia Coles ct al .. 1987) 
Caorimul!!.iformes oilbird ~/e{ltornis carinensis Konishi and Knudsen. 1979\ 
Casuariiformes lemu f)rnmaius nova<?hnlland;ae Manley <?I al .. 1997) 
Charadriiformcs )lains wanderer 'Pedio11om11.v torcmatus Pettiercw et al.. 1990) 

Columbifonncs pigeon 'ieol11111bia /Ma 
Trainer, 1946; Heise, 1953; Hienz cr, 
al .. 1977) 

i:-aJconifonn<:s ~mcri<:an kestrel J:' alco s1>arverius Trainer. 1946) 
'alconiformes Eurooean soanowhawk ,4ccioiter >ti.,us Trainer. 1946: Klumo el al .. 1986) 
Gallifonnes 1v>bwhitc auail Colinus vireianus Barton el af .. 1984) 

Gallifonncs chicken Gollus 
Gray an(! Rubel, 1985; Saunders an~ 
Salvi. 1993) 

Gallifonnes 'aoanese <1uail '.:'orurnix iaoonica Niemiec er al .. 1994'! 
Oallifonnes turkey Meleagl'is gal/opavo Maiorana and Schleidt, 1972) 
trasserifonncs American robin Turdus mi9.rato1i11s Konishi. 1970) 

t>lue iav ~anocilta cris(ato Cohen et al.. 1978·1 
l>rown-headed cowbird lvlofothnis ater Hicnz. et al .• 1977) 
oullfinch Pvrl'l111la 'Schwanzkooff. 19491 
thirmin~ sparrow Snizclla vasserina 'Konishi. I 970) 
common canarv Seri1111s cm1nri11s Okanova and Dooline. 1987) 
...:ommoncrow Co1vtL< hrachvrhvm:hos Trainer, 1946) 

European sl~rling ",turnus vr,/gari.t Trainer, 1946: Konishi, 1970; KuhTI 
el a( . 1982: Dooline. et al.. 1986) 

field so.mow ',r,iulla nu.oil/a Dooline. <?t al. 1979) 
fire finch Lmmnoslicla senef!a!a Dooline et al .. 2000b) 

~rcat tit If arus major 
Klump et al., 1986; Langemann e, 

al .. 1998) 
housefmch Caroodacus mexicanus Dooline. er al .. 1978) 

lhouse sparrow IP ass er domesticus 
,Konishi, 1970; Aleksandrov ano 
Dmitrieva. 1992) 

!Died flvcatch.er Ficedula hvno/11eca Aleksandrov and Dmitrieva. 1992) 
red-winl!ed blackbird 4geluius nhoeniceu!I Hienz et al., I 977} 
slate-colored i\lnco Junco hvemalis Konishi, 1970) 
sone snarrow Melosnrza melodia Okanova and Dooli11e.. 1987; 1988} 
wamo soarrow 'l-felosviza ~eorf!iana Okanova and Doolin 2. 1987: 1938} 

,vestem meadowlark ~t11rnella nee/ecru Konishi. 1970) 

zebra 1inch Tueniopyxiu guUalcl 
(Okanoya and Dooling, 1987· 
Hashino and Oklmova. 1989) 

l>siltaciformes Bourke's narrot 'leovhema lw11rkii Doolin2 et al. Un1>ublished Data 
Dooling and Saunders, 1974; 1975; 

lmdgerigar Melupsittacux 1md11latus 
Saunders et al., 1979; Saunders and 
Pallone, 1980; Okanoya and Dooling, 
1987; Hashino et al.. 1988) 

~ockatiel /1/vmvhicus hollandic11s Okanoya and Doolini1:. 1987) 
oran2e-fronted conurea Aratin£a canicularis Wriltht ct al .. 2003) 

Strie.iformes African wood owl 'Strix woodfo,dii rN ieboer and Van der Paardt. 1976) 

1>an1 owl Ty(oalba 
Konishi, 1970; 1973; Dyson et al. 

19911) 
1>rown fish owl Ke1rwa zevlonensis 
leae:le owl Bubo Van Dijk, 1972) 
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Order ,..ommon Name Genus aad Snecies References 
fores! eagle owl Bubo nipalensis 
~real horned owl Bubo virPiniam,s Trainer. 1946) 
lomt eared owl 11.<io otus 
mottled owl Strix virf!ata 
ISCODSOWI Otus seems 
ISnowvowl 1',yctt:a scandiaca Van Dijk, 1972) 
motted wood owl 'Strix seloouto 
awnvowl ,rrix aluco 

IWnite-faced SCODS owl Otus leucotis 
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Appendix C: Complete Table of all Behavioral Studies of Critical Ratios in Birds 

[)rder Common Name Genus and Sorcies Refenmcrs 
Columbifonnes Dil?eon Columbia lil>ia Hicnz and Sachs. 1987) 
i>asseriformes ~rown-headed cowbird Molothru.< a/er llien:r. and Sachs, 1987) 

common c.:anarv Serirms canarius Oka11ova and Doolin~ 1987) 
European Starlin£ S1urm1s vttff!ari.< Okanova and Doolin£. 1987} 
fire finch lof!onosticfa senef!ala Lohr et al.. 2004) 
~real tit Puru.~ mafr,r l.an2cmann el al .. 199S) 
•ed-wineed blackbird Aflelaius vhoe11ic1?11s Hienz and Sachs, 1987) 
~onii_ sparrow Mclo.miza melodia 
swamp span-ow Welo.miw !lenrJliima Okanoya and Dooling, 1987) 
,:ebra 1inch Taenionv.•i(I eutfata 

IPsittaciformes l>Udgerigar Welop.viltacm und1dotus Dooling and Saunders, 197S; Doolin! 
et al., 1979; Saunders ct al., 1979 
Okanoya and Do<>ling. 1987; Hashin< 
r:1 al.. I 988; Hashino and Okanoya 
1939) 

k)ockatiel Vvnmhicus holla11dicus Okanova and Doolin2. 1987) 
l)ranl!.e-fronted c-Onure 4ratinl!a c<1nicufnri1 Wrieht et al, 2003) 

S1ri2iformcs t>amowl Tvto alba Konishi, 1973; Dvson c·/ al., 1998) 
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Appendix D: Fundamentals of Highway Traffic Noise 

(Provided by Caltrans} 

Fundamentals of Traffic Noise 

The following is a brief discussion of fundamental traffic-noise concepts. For a detailed discussion, please 
refer lo lhe Technical Noise S11ppleme111 (Caltrans 2013) available on the Caltrans Web site 
(http://www.dot.ca.gov/hq/env/noise ). 22 

Sound, Noise, and Acoustics 

Sou11d is a disturbance that is created by a moving or vibrating source in a gaseous or liquid medium or the 
elastic stage of a solid and that is capable of being delected by the hearing organs. Sound can be described 
as the mechanical energy of a vibrating object transmitted by pressure waves through a medium to a hearing 
organ, such as a human ear. For traffic sound, the medium of concern is air. Noise is defined as loud, 
unpleasant, unexpected, or undesired sound. 

Sound is actually a process that consists of three components: the sound source, the sound path, and the 
sound rooeiver. All three components must be present for sound to exist. Without a source to produce sound 
or a medium to transmit sound-pressure waves, there is no sound. Sound must also be received; a hearing 
organ, sensor, or object must be present to perceive, register, or be affected by sound or noise. In most 
siruations, there are many different sound sources, paths, and receivers, not only one of each. Acoustics is 
the field of science that deals with the production, propagation, reception, effects, and control of sound. 

Frequency and Hertz 

A continuous sound can be described by its frequency (pitch) and its amplitude (loudness). Frequency 
relates to the number of pressure oscillations per second. Low-frequency sounds are low in pitch, like the 
low notes 011 a piano, whereas high-frequency sounds arc high in pitch, like the high notes on a piano. 
Frequency is expressed in tenns of oscillations, or cycles, per second. Cycles per second are commonly 
referred to as Hertz (Hz) (e.g., a frequency of 250 cycles per second is referred to as 250 Hz). High 
frequencies are sometimes more conveniently expressed in kilo-Hertz (kHz). or thousands of Hertz. The 
extreme range of frequencies that can be heard by the healthiest human ears spans from 16-20 Hz on the 
low end to about 20,000 Hz (20 kHz) on the high end. 

Sound-Pressure Levels and Decibels 
The amplitude of a sound detennines its loudness. uiudness of sound increases and decreases with 
increasing and decreasing amplitude. Sound-pressure amplitude is measured in units of micro-Newtons per 
square meter (N/m2) • also called micro-Pascals (µPa). One µPa is approximately one-hundred billionth 
(0.0000000000 I) of nonnal atmospheric pressure. The pressure of a very loud sound may be 200 million 
¢>Pa, or IO million limes the pressure of the weakest audible sound (20 µPa). Because expressing sound 
levels in terms of<l>Pa would be cumbersome, sound-pressure level (SPL) is used to describe in logarithmic 
units the ratio of actual sound pressures to a reference pressure squared. These units are called bets, named 
after AleJLander Grnham Bell. To provide finer resolution, a bel is divided into 10 decibels (dB). 

n h1tp:/fwww.dot.ca.goy/hq/env/noiselpub/TeNS Sept 2013B,pdf 
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Addition of Decibels 

Because decibels are logarithmic units, SPL cannot be added or subtracted by ordinary arithmetic means. 
For example, if I automobile produces an SPL of 70 dB when it passes an observer, 2 ca~ passing 
simultaneously would not produce 140 dB; rather, they would combine to produce 73 dB. When two sounds 
of equal SPL are combined, they produce a combined SPL 3 dB greater than the original individual SPL. 
In other words, sound energy must be doubled to produce a 3-dB increase. If two sound levels differ by JO 
dB or more, lhe combined SPL is equal to the higher SPL; the lower sound level would not increase the 
higher sound level. 

A-Weighted Decibels 

SPL alone is not a 1·cliablc indicator of loudness. The frequency of a sound also has a substantial effect on 
how humans respond. Although the intensity (energy per unit area) of the sound is a purely physical 
quantity, the loudness or human response is detennined by the characteristics of the human ear. 

Human hearing is limited in the range of audible frequencies as well as in the way it perceives the SPL in 
that range. In general, the healthy human ear is most sensitive to sounds from I ,000-5,000 Hz and perceives 
a sound within that range as being more intense than a sound of higher or lower frequency with the same 
magnitude. To approximate lhe frequency response of the human ear, a series ofSf>L adjustments is usually 
applied to the sound measured by a sound level meter. The adjustments, referred to as a weigliring network, 
are frequency-dependent. 

The A-scale weighting network approximates the frequency response of the average young ea,· when 
listening to most ordinary sounds. When people make judgments of the relative loudness or annoyance of 
a sound, their judgments correlate well with the A-scale sound levels of those sounds. Other weighting 
networks have been devised to address high noise levels or other special problems (e.g., B-, C-, and D
S<:alcs), but these scales arc rarely used in conjunction with highway-traffic noise. Noise levels for tratlic
noise reports are typically reported in tem1s of A-weighted decibels (dBA). ln environmental noise studies, 
A-weighted Si'Ls are commonly referred to as noise levels. Table DI shows typical A-weighted noise 
levels. 

Human Re$ponse to Changes in Noise Levels 

Under controlled conditions in a11 acoustics laboratory, the trained, healthy human ear is able to discern 
I-dB changes in sound levels when exposed to steady, single-frequency (''pure-tone") signals in the mid
frequency range. Outside such controlled conditions, the trained ear can detect 2-dB changes in nonnal 
environmental noise. However, it is widely accepted that the average healthy ear can barely perceive 3-dB 
noise level changes A 5-dB change is readily perceptible, and a JO-dB change is perceived as being twice 
or half as loud. As discussed above, doubling sound energy results in a 3-dB increase in sound; therefore, 
doubling sound energy (e.g., doubling the volume of traffic on a highway) would result in a barely 
perceptible change in sound level. 
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Table D1. Typical Noise Levels 

Common Outdoor Activities 
N olse Lt\·el 
<dBA\ Common Indoor Activities 

Jct flyover at 300 meters (1,000 feet) 

Gas lawn mower at I meter (3 feet) 

Diesel truck at IS meters (50 feet) at 80 
kilometers per hour (SO miles per hour) 

Noisy urban area, daytime 

-110-

-I00-

-90-

-80-

Gas lawn mower, 30 meters ( 100 feet) - 70-
Commercial area 
Heavy 11affic at 90 meters (300 feet) - 60 -

Quiet urban daytime - ~0 -

Quiet urban nighttime - 40-
Quiet suburban nighttime 

-30-
Quiet rural nighllime 

-20-

- J0 -

Lowest threshold of huma11 hearing -0-

Source: Caltrans 2013. 

Noise Descriptors 

Rock band concert 

Food blender at I meter (3 feel) 

Garbage disposal at I meter ( 3 feet) 

Vacuum cleaner at 3 meters (JO fcx:t} 
Normal speech at I meter (3 feet) 

Large business office 
Dishwasher next room 

Theater, large conference room (background} 

Library 
Bedroom at night 

Broadcast/recording studio 

Lowest threshold of human hearing 

Noise in our daily environment fluctuates over time. Some fluctuations are minor, but some are substantial. 
Some noise levels occur in regular patterns, but others are random. Some noise levels fluctuate rapidly, but 
o1hers slowly. Some noise levels va1y widely, but others arc relatively constant. Various noise descriptors 
have been developed to describe time-varying noise levels. The following are the noise descriptors most 
commonly used in traffic-noise analysis. 

Equivalent Sound Le1•el (l"'): L,~ represents an average of the sound e11ergy occurring over a 
specified period. In effect, L,~ is the steady-state sound level that in a stated period wou Id 
contain the same acoustic11I energy as the time-varying sound that actually occurs during the 
same period. The I-hour A-weighted equivalent sound level (Lcq(h]), is the energy average of 
the A-weighted sound levels occurring during a I-hour period and is the basis for 
noise-abatement criteria (NAC) used by Caltrans and the FHWA. 

Pucrnfile-Exceeded So1111d level (l._,J: L. represents the sound level exceeded for a given 
percentage of a specified period {e.g., L1o is the sound level exceeded I 0% of the time, LQO is 
the sound level exceeded 90% of the time). 
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Maximum Snund Level (L.,ux): Lm .. is the highest instantaneous sound level measured during a 
specified period. 

Day-Night Le~·el (liJ,1): Ldn is the energy average of the A-weighted sound levels occurring 
during a 24-hour period with 10 dB added to the A-weighted sound levels occurring between 
10 p.m. and 7 a.m. 

Cummrmily Nuis(, Equivalem Level (CNEL): CNEL is the energy average of the A-weighted 
sound levels occurring during a 24-hour period with 10 dB added to the A-weighted sound 
levels occurTing between 10 p.m. and 7 a.m. and 5 dB added 10 the A-weighte<l sound levels 
occurring between 7 p.m. and 10 p.m. 

Sound Propagation 

When sound propagates over a distance, it changes in level and frequency content. The manner in which 
noise reduces with distance depends 011 the following factors. 

Geometric spreading: Sound from a small, localized source (i.e., a point source) radiates 
unifonnly outward as it travels away from the source in a spherical pattern. The sound level 
attenuates (or drops oft) at a rate of 6 dBA for each doubling of distance. Traffic and 
construction noise is not a single, stationary point source of sound. The movement of the 
vehicles on a highway makes the source of the sound appear to emanate from a line (i.e., a line 
source) rather than a point. This line source results in cylindrical spreading rn1her than the 
spherical spreading that results from a point source. The change in sound level from a line 
source is 3 dBA per doubling of distance. 

Ground absorption: The noise path between the highway and the ob~erver is u~ually very close 
to the ground. Noise attenuation from ground absorption and reflective-wave ca1,cding adds to 
the attenuation associated with geometric spreading. Traditionally, the excess attenuation has 
also been expressed in tenns of attenuation per doubling of distance. Thi!; appl'oximation is 
done for simplification only because prediction results based on this scheme arc sufficiently 
accurate for distances of less than 60 meters (200 feet). For acoustically hard sites (i.e., those 
sites with a reflective surface, such as n parking lot or n smooth body of water, between the 
source and the receiver), no excess ground attenuation is assumed. For acousticnlly absorptive 
or soft sites (i.e .. those sites with an absorptive ground surface, such as son dirt, grass, or 
scattered b\lshes and trees, between the source and the rcx:eiver), an excess ground-attenuation 
value of I .5 dBA per doubling of distance is nonnally assumed. When added to the geometric 
spreading, the excess ground attenuation result~ in an overall drop-off ra1e of 4.5 dBA per 
doubling of distance for a line source and 7.5 d8A per doubling of distance for a point source. 

AmuMpheric ejfect.f: Research by Caltrans and others bas shown that atmospheric conditions 
can have a significant effect on noise levels within 60 meters (200 feet) of a highway. Wind 
has been shown to be the most important meteorological factor within approximately 150 
meters (500 tc:et) of the source, whereas vertical air-temperature gradients are more important 
for greater distances. Other factors such as air temperature, humidity, and turbulence also have 
significant effects. Receptors located downwind from a source can be exposed to increased 
noise levels relative to calm conditions, whereas locations upwind can have lower noise levels. 
Increased sound levels cnn also occur as a result of temperature inversion conditions (i.e., 
increasing temperature with elevation). 
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Shielding by natural or huma11-madefeat11res: A large object or barrier in the path between a 
noise source and a receiver can substantially attenuate noise levels at the receiver. The amount 
of attenuation provided by this shielding depends on the size of the object and the frequency 
content of the noise source. Natural terrain features (e.g., hills and dense woods) and human
made features {e.g., buildings and walls) can substantially reduce noise levels. Walls arc often 
constructed between a source and a receiver specifically to reduce noise. A barrier that breaks 
the line of sight between a source and a receiver will typically result in at least 5 dB of noise 
reduction. A taller barrier may provide as much as 20 dB of noise reduction. 

D. Federal and State Regulations, Standards, and Pollcle$ 

Federal and state regulations, standards, and policies relating to traffic noise are discussed in detail in the 
Protocol. A transportation project affected by the Protocol is refen·ed to as type I pt'oject, which is defined 
in 23 CFR 772 as a proposed federal or federal-aid highway project for construction of a highway on a new 
location or the physical altcl'ation of an existing highway that significantly changes the horizontal or vertical 
alignment or increases the number of through traffic lanes. The FHWA has clarified its interpretation of 
type I projects by stating that a type I project is any project that has the potential to increase noise levels 
at adjacent receivers. This includes projects to add interchange, ramp. auxiliary. or truck-climbing lanes to 
an existing highway. A project to widen an existing ramp by a full lane width is also considered to be a 
type I project Caltrans extends this definition to incl11de state-funded highway projects. The project 
alternatives evaluated in this report lire considered tv be a Type I project because they in\lolve federnl 
funding and adding lanes to the existing mainline highway. 

Applicable federal and state regulations, standards, and policies are discussed below. 

National Environmental Polley Act 

NEPA is a federal law that establishes environmental policy for the nation, provides an interdisciplinary 
framework for fodcral agencies to prevent environmental damage, and contains action-forcing procedures 
to ensure that federal agency decision-makers take environmental factors into account. Under NEPA, 
impacts and measures to mitigate adverse impacts must be identified, including impacts for which no 
mitigation or only partial mitigation is available. The FHWA regulations discussed below constitute the 
federal noise standard. ~rojects complying with this standard are also in compliance with the requirements 
stemming from NEPA. 

Federal Highway Administration Regulations 

23 CFR 772 provides procedures for conducting highway-project noise studies and implementing 
noi~c-abatement measures to help protect the public health and welfare, ~upply NAC, and establish 
requirements for information to be given to local officials for use in planning and designing highways. 
Under this t'egulation, noise abatement must be considered for a type I project if the project is predicted to 
result in a traffic-noise impact. A traffic-noise impact is considered to occur when the project results in a 
substantial noise increase or when the predicted noise levels approach or exceed NAC specified in the 
regulation. 23 CFR 772 does not specifically det1nc what constitutes a substantial increase or the te1m 
approach; rather, it leaves interpretation of these tet'ms to the states. 

Noise-abatement measures that are reasonable and feasible and likely to be incorporated into the project, 
as well as noise impacts for which no apparent solution is available, must be identified before adoption of 
the final environmental document for the project. Table D2 summarizes the PHWA's NAC. 
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Table D2. Activity Categories and Noise Abatement Criteria 
Activity 
Category 

A 

D 

c 

F 

G 

Activity 
Leq[h)1 

57 

67 

67 

52 

72 

Evalu<1tion Location 

Exterior 

Exterior 

Exterior 

Interior 

Exterior 

Description of Activities 

Lands on which serenity and quiet are of extraordinary 
significance and serve an important public need and whe« 
preservation of those qualities is essential if the area is to 
continue to serve its intended purpose. 

Residential. 

Active sport areas, amphitheaters. auditoriums, campgrou1 
cemeteries, day care centers. hospitals, libraries, medical 
facilities. parks. picnic areas, places of worship, playgrour 
public meeting rooms, public or nonprofit institutional 
structures, rndio studios, recording studios, recreation area 
Section 4(0 sites, schools, television studios, trails, and tn 
crossings. 

Auditoriums.. day care centers, hospitals, libraries, medica 
facilities. places of worship, public meeting rooms, public 
nonprofit institutional s1ructures, radio sc11dios, recording 
studios, schools. and tdevision studios. 

Hotels, motels, offices, restaurants/bars, and other develo~ 
lands, properties, or activities not included in A-D or f. 

Agriculture, airports, bus yards, emerge1\cy services, 
industrial, logging, maintenance facilities. manufacturing, 
mining, rail yards, retail facilities, shipyards, utilities (war, 
resources, water treatment, electrical), and warehousing. 

Undeveloped lands that are not permitted. 

1 The L,q(h} activity crileria values are for impact determination only and arc not design standards for noise 
abatement measures. All values are A-weighted decihel~ (dBA). 
2 Includes undevelopoo lands permitted for this activity category. 

Primary consideration is given to exterior are.is. In situations where no exterior activities are affected by 
trallic noise the interior criterion (activity category E) is used as the basis for noise abatement consideration. 

Califomia Environmental Quality Act 

CEQA is the foundation of environmental law and policy in California. The main objectives of CEQA are 
to disclose to decision-makers and the public the significant environmental effects of proposed activities 
and 10 identify ways to avoid or reduce those effecti; hy requiring implementation of feasible alternatives 
or mi1igation measures. Under CEQA, a substantial noise increase may result in a significant adverse 
environmental effect; ifso, the noise increase must be mitigated or id1:ntified as a noise impact for which it 
is likely that only partial (or no) mitigation measures are available. Specific economic, social, 
environmental, legal, and technological conditions can make mitigation measures for noise infeasible. 
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Traffic-Noise Analysis Protocol for New Highway Construction and 
Reconstruction Projects 

The Protocol specifies the policies, procedures, and practices to be used by agencies that sponsor n~ 
construction or reconstruction projects. NAC specified in the Protocol are the same as those specitied in 23 
CFR 772. This report defines a noise increase as substantial when the predicted noise levels with proje<:t 
implementation exceed existing noise levels by 12 dBA-Leq (h). lbe Protocol also states that a sound level 
is considered to approach an NAC level when the sound level is within I dB of the NAC identified in 23 
CFR 772. For example. a sound level of 66 dBA is considered to approach the NAC of 67 dBA, but 65 
dBA is not. 

lfffects of Traffic & Road Construction Noise on Birds Page 77 of 87 



This page left inlentional/y blank 

Effects of Traffic & Road Construction Noise on Birds: Page 78 of 87 



Appendix E: Review of Pre-2007 Literature on F,ffects of Traffic Noise on Birds 

From (Dooling and Popper, 2007) 

The literature on the actual effects of traffic noise on birds is limited and the methodology 
is often insufficient to provide a clear correlation between traffic noise and any effects on bird 
physiology and/or hehavior. One particular concern is that whereas there is indirect evidence that 
traffic noise may affect birds (e.g., Reijnen and Foppen, 1994; 1995; Reijnen el al., 1995; Fonnan 
et al., 2002), there are also correlated variables that could have impact such as visu.al stimuli, air 
pollution produced by autos and trucks (e.g., Llacuna et al., 1996; Clench-Aas et al., 2000), and 
changes in the physical environment around the roadways (e.g., Ferris, 1979). Differentiating 
among these and other variables is often difficult or impossible. While there is statistical evidence 
(debated by some, see below) to suggest that noise may affect birds in some way (e.g., Reijnen 
and Foppen, 1994; 1995; Reijnen et al., 1995), there have yet to be definitive experiments that 
clearly isolate noise as an exclusive source of distmbance. Even when noise is implicated as a 
contributing factor, there are still are many variables which arc poorly understood, such as noise 
levels at the birds {received levels), effects of frequency of disturbances (e.g., how many 
cars/trucks come by a bird in some time interval-(Fonnan et al., 2002), and species. Complicating 
this picture even further are substantial species differences in the way that birds respond to noise 
and how readily they may acclimate or habituate to various disturbances (e.g., Ferris, 1979; 
Kuituncn et al., 1998; Fernandez-juricic, 2001; Slabbckoom and Ripmeestcr, 2008; Slabbckoom 
et al., 2012). 

The overall literature has been critically reviewed several times in 1·ecent years (e.g., 
Sarigul-Klijn el al., 1997; Kaseloo, 2005; Warren et al., 2006; van der Rec et al., 2011; Ortega, 
2012). These reviews suggest that a good portion of the literature is not relevant to the issues at 
hand since tlte literature often does not take into consideration all appropriate variables (e.g., 
variables other than sound) or that the publications have problems with data analysis and/or 
interpretation. 

In one analyses, Warren et al. (2006) evaluated data suggesting that noise could affect bird 
behavior. However, the authors pointed out that while the data could be interpreted as indicating 
that noise may affect birds, none of the earlier work can clearly be used to reach any finn 
conclusions about any one species, or all species. Indeed, Warren et al. (2006) point out the need 
for very specific and highly controlled laboratory and field studies to assess how highway (or any 
other) noise will affect birds. Such experiments arc very difficult (and expensive) to design and 
execute, and all other variables must be taken into consideration in design of these experiments. 

The four major sets of studies considered by Warren el al. (2006) are helpful to 
understanding the issues. In one series of papers, Reijnen and colleagues (Foppen and Reijnen, 
1994; Reijnen and Foppen, 1994; 1995; Reijnen et al., 1995) reviewed in (Reijnen et al., 199&) 
examined the effects of motorway traffic on breeding bird populations in the Netherlands. The 
investigators concluded that traffic noise has an impact on birds within several hundred meters of 
the road and that roadway noise lowers the extent of bird breeding near highways. The study by 
Reijncn and colleagues showed that when traffic noise level was constant, there was no discemablc 
effect from visual disturbance. But when visual disturbance was kept constant, bird distribution 
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patterns were statistically correlated with traffic noise. Furthermore the authors noted that visual 
disturbance and vehicular pollutants extended outward only a short distance from the roadway, 
whereas both traffic noise and reduced bird densities extended outward much further. This 
differential effect distance approach suggests that if it is appropriately integrated into the 
experimental designs of future studies, it could provide more tractable means for isolating the 
effects of the confounding variables and better extracting focu~ed information on noise-specific 
impacts. 

While the data from Rcijnen et al. are interesting and possibly instructive, the work has 
been severely criticized for poor statistical analysis and poor controls, and for lack of analysis of 
individual bird species (Sarigul-K lijn el al., l 997) which concluded that the number of birds 
studied was too low for reliable statistical measures and that levels of significance used varied 
between study years. Sarigul~Klijn et al. (1997) also concluded that Reijnen et al., in reaching their 
conclusions, also did not consider construction as another potential point of impact on birds. 

Most importantly, the Transportation Noise Control Center study (Sarigul-Klijn et al., 
1997) points out that Reijnen and colleagues pooled all of their data so that they presented a 
possible effect on all species, rather than detennine whether there are species-specific effects. The 
importance of the species variability in response to noise (and other factors) has been emphasized 
in several other studies which have shown variability in whether different species respond to noise 
or not (e.g., Clark and Karr, 1979; Ferris, 1979; Van der Zande et al., 1980; Kuitunen et al., )998; 
Fernandez-juricic, 2001; Peris and Pescador, 2004). Indeed, lack of consideration of species 
variability in life style is also the basis for the poor generality of the FWS (2006) recommended 
procedures for analysis of the effects of sounds on spotted owls and marbled murrelets. 

In another sh1dy, Stone (2000) did transects to determine bird populations over a wide 
range of land use types. The results led to the suggestion that there is a marked decrease in bird 
populations in noisier areas, despite the specific land use. However, Warren et al., (2006) criticized 
the Stone (2000) study and pointed out that while noise was one variable that could have affected 
bird populations in some types of land use and not in others, Stone (Stone, 2000) did not do a 
multi-factor analysis to detennine if other habitat issues, such as whether there were also 
differences ground surface, vegetative type, or other variables that could have altered a bird's 
behavior. 

A more convincing case that traffic noise may affect birds is a study by Fonnan et al. 
(Forman et al., 2002) which looked at the presence of five species of grassland bird populations al 
different distances from roadways in and around Boston. The authors argue that there is an effect 
on density of species studied by roadway noise, but that the extent of the effect, in tenns of 
decreased populations at different distances, varied depending upon the level oftratiic on the road. 
They found that when traffic was less than 8,000 vehicles/day there was no etlect on grassland 
bird populations. In areas with from 8,000-15,000 vehicles per day, there was no effect on 
population levels per se, but there were fewer breeding birds up to 400 m from the road. Bird 
presence and breeding was decreased at up to 700 m from the roadway when there were from 
15,000-30,000 vehicles per day, whereas this distance increased to 1,200 m for more than 30,000 
vehicles per day (a multilane highway). While the authors conclude that noise may be the major 
factor affecting these grassland species, but that other environmental variables such as visual 
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signals, air pollutants, and lack of prey near the roadways may help explain the decline in bird 
populations. Clearly, direct experimental evidence of effects of increased chronic noise of different 
levels and sound spectra (Lee and Fleming, 1996) is needed to confirm this hypothesis (also see 
Warren et al., 2006). 

Still, it is important to recognize that the results from Fonnan et al. (2002) may not be 
applicable to all species, or in all situations. For example, Pcris and Pescador (2004) examined the 
effects of low, medium, and high lraffic volumes on bird populations of 20 passerine species in 
pasture•woodland environments near several roads in western central Spain. While it is hard to 
specifically compare results between the two studies since Peris and Pescador (2004) did not define 
road density in terms of actual number of vehicles/day, the different results are instructive. In 
contrast to Forman el al. (Forman el al., 2002), Peris and Pescador (2004) provided sound level 
measures at distances of SO• I 00 m from the roadways. Tltey repotted that the high traffic volume 
area had sound levels of 69±5 dB, medium density 46±3 dB, and low density at 36±2 dB (it was 
not indicated if this was dB SPL or dBA). Peris and Pescador (2004) showed that there were 
differences between the number of birds and the extent of breeding populations in each of the three 
areas, but the differences varied by species. In effect, no one pattern of bird presence was 
appropriate for all of the species studied over the two year period. 

For example, corn bunting (Miliaria calandra). rock sparrow (Petronia petronia), and 
house sparrow (Passer domesticus) had a higher breeding density in the high traffic (noisier) 
environment than they did in the low traffic volume areas. In contrast, breeding density was higher 
for wheatear (Oenanthe sp.) in low and moderate traffic areas (quieter) than in high traffic a1·eas. 
The authors concluded that 55% of the species did not show any difference in breeding dcns1ty 
between the three noise level siles, whereas other birds did show statistically significant 
differences. The authors suggest that the differences in responses of the various species may 
depend on hearing sensitivity of the species, with birds that have more sensitive hea1'ing showing 
greater avoidance of road noise than birds with poorer hearing. 
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Appendix F: Recommendations for Research to Refine Future Guidance 

The three classes of potential effects of traffic noise on birds: (1) behavioral and/or 
physiological effects; (2) damage to hearing from acoustic over-exposure; and (3) masking of 
communication signals. All of these can cause dynamic behavioral, and population effects. These 
three classes of potential effects lead to separate, but overlapping, recommendations for future 
work (see Table Ft and Table F2). Some of this work is at high priority while other work is of 
lower priority depending on the criteria for making decisions. High priority could be to go for 
those issues that can be tackled by efficiency of data collection and the precision of the results 
(e.g., noise exposure studies in the laboratory), or, at by taking on the problem that extends the 
furthest from the roadway (e.g., field studies of stress and disturbance effects at distances far 
beyond those at which hearing damage and masking from traffic noise might occur). Or highest 
priority could be assigned to some combination of studies which give the greatest potential value 
for moving us forward to better and more useful interim guidelines. Experiments that can quickly 
improve the interim guidelines are given a higher priority than longer-term (and often more 
ditficult) experiments that may not refine the interim guidelines efficiently. It should be noted that 
while not always stated explicitly, all studies should be done on several species. 

7) Stress and physiological effects: 23 

a) Obtain a definitive answer to the question of whether traffic noise alone can cause stress, 
physiological reactions, and disturbances in social behavior in birds by using artificial 
traffic noises broadcast in large areas while birds (preferably captive) are monitored for 
stress indices (low priority). 

b) Conduct studies comparatively to detennine if stress effects are species specific (low 
priority). 

c) Conduct studies on birds of dffterent ages and with different degrees of experience with 
loud noises to detennine if experience is a factor in stress-related impacts (low priority). 

8) Acoustic over-exposure etlects: 
a) Cond\lct lab experiments to definitively rule out the possibility that continuous loud traffic 

noise can damage avian hearing (low priority). 
b) Examine effects of different levels of continuous noise on temporary and permanent 

hearing loss in different bird species (high priority). 
c) Examine effects of impulsive noise such as that produced by construction equipment and 

pile driving on hearing loss in different bird species. Consjder a range of variables 
including: the intensity of the noise, the number of impulses, inter-pulse interval, and 
effects of different "rest periods" between pulses on hearing loss. Also include 
combinations of continuous traffic noise and impulse noises since some mammalian data 
suggest a synergistic effect (high priority). 

9) Masking effects: 
a) Extend what is known about masking effectiveness oftraftic noise on the vocalizations of 

birds by conducting behavioral tests with a wider range of individual and species 

23 lt should be noted !hat precise definition of the questions and issues of the effects of traffic noise on birds should 
be d~vclopcd with the guidance of individuals who arc expert on avian endocrinology and the literature on this topic. 
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vocalizations, different types and levels of traffic noise, traffic noises filtered through 
various habitats, and recorded at various distances from the roadway (high priority) 

b) Assemble current data or generate new data on vocalizations of endangered species 
including types, levels, preferred singing location preferences, habitat characteristics, 
territory size, efTects of habitat characteristics on vocalization and noise transmission. This 
will allow precise modeling of the masking effects of traffic noise acoustic communication 
(high priority). 

c) Obtain ABR measures of hearing (audiogram) and masking ( critical ratios) in endangered 
species to determine how well they conform to the emerging model of masking of 
vocalizations by noise which, to date, is based prima,ily on laboratory species of birds 
(high priority). 

d) Develop a generalized quantitative model for estimating communication distance based on 
masking data, habitat characteristics, territory size, the bird's singing position preferences, 
and different traffic noise profiles (high priority). 

IO) Dynamic behavioral effects24 

a) Evaluate population dynamic shifts (i.e., population range, predator prey relationships, 
etc.) based on increases in ambient traffic noise and construction related activities. 

b) Evaluate any secondary effects of implementing adaptations in order lo avoid masking. 
How does this interact with other life-cycle activities sut.~h as mate attraction, prey 
identification, territory size, etc. 

c) Understand behavioral indicators of harassment or stress such as flushing from a nest, 
territorial behaviors, etc. associated with noise. 

The recommendations are summarized in Tables Fl and F2. Table Fl presents the data in 
terms of examining the efTects in terms of specific sound types. 

Table Fl: Research recommendations based on interim l!Uidelines 
Noise Source Type Heoring Damage Masking Behavioral' 

Phvslolol!lcal 
F.xpose multiple species 10 Examine animals post 

Single Impulse (e.g., impulsive noises {at different 
Not applicable 

exposure for si&ns of 
Blasl) levels/distances) and measure stress (e.g., droppit1g,s, 

hearine loss & recoverv. etc.) 
Expose multiple species to 

In multiple species, examine masking Examine animals posl 
Mi.tltiple Impulse (e.g., multiple strikes (at different 

by low level noises from multiple exposure for signs or 
jackhammer, pile levels/dista11ceslintcrvals) and 

strikes to compare with results from stress { e.g., droppings, 
driver) measure hearing loss and continuous noise masking(Lab study) etc.) 

recoverv. 

Non-Strike Continuous 
In multiple species, examine masking Examine animals post 

( e.g., construction Not applicable 
by low level noises from multiple exposure for signs ,:,f 
strikes to compare with results from stres.~ (e.g., droppings, 

noise) 
continuous noise maskins1'Lab studv) etc.) 
In multiple species, examine masking Examine animals post 

Traffic and Not applicable by low level traffic and construction exposure for signs of 
Constrnction Noise noises to compare with results from stress ( e.g., droppings, 

continuous noise maskinl!llab study) ttc.) 
Alanus (97 dB/I 00 ft) NA NA Future research 

24 Gel input rr<>m ex~rls in behavioral ecology on lhe types or population efiects that might be expected. 
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Table f'2: Addition$ to basic $Cienc:e data to inform de<:isions on interim e.uidelints and future analyse~ 
Topic: Method 

Audiograms in Birds Measure hearing tbrcsholds in a variety of species using the ABR(lal> & 
field) 

Ma~ked Threshold~ in Bird~ Measure masked thresholds and critical ratios in a variety of 
(enda111rered) so~ies usine th.e ABROab & field) 

Vocalization & Communication Distance 
Review literature for description of vocalizations, territory size, and 
communication ran~e. vounJ!. learnin.11. sone.s. female choice in breedini.: 
Develop a model that combints habitat characteristics (e.g.. sound 

Acoustic Communication Model 
transmission), vocalization characteristics (e.g., spectrum, intensity, etc.) 
and masked thresholds to refine estimates of the effects of masking by 
noise on communication. 

A llenuation/ A voidancclMin imization/M it ig,ation Evaluat~ ways which may inform decisions regarding equipmenl use, 
Methods attenuation methods. avoidance. minimi:£a.tion/mitil!atio11 methods. 
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Aprendix G: A History of the 60 dBA Criterion 

In 1987, a biologist, John Rieger, developed a criterion for a California highway project by 
measuring noise levels at the nests of birds along a highway. On average, th.ese levels 
approximated 60 dBA (Barrett, 1996). According to Barrell, Rieger assumed that if birds were 
successfolly breeding, then this noise level is, by definition, not detrimental to th.e birds. Unaware 
of this work, and completely independently, Dooling also provided the California Fislt and 
Wildlife Service with a noise level of 60 dBA for traffic noise that would begin to raise concems 
about potential masking of communication sounds between birds by traffic noise. Barret's number 
came from actual observations of birds nesting in noisy areas near a highway. Dooling's number 
came from an auditory model that calculated whether noise levels from traffic rose above ambient 
noise levels enough to affect acoustic communication between two birds. In neither case was lhis 
number intended to set a precedent or become a standard for noise-impact mitigation. The level of 
60 dBA for traffic noise only applies, at best, under a narrow range of specific conditions having 
to with the sound-affe<;ting aspects of the habitat, the species life style and dependence on acoustic 
communication, the level of ambient noise without any traffic noise, as well as whether the species' 
predators use acoustic signals to locate their prey. The use of one nwnber like 60 dBA provides 
only a crude and probably conservative estimate. A precise answer would require the information 
just discussed as well as information about the level c:1nd spectrum of the ambient noise, of the 
traffic noise. and of the bird's vocalizations. 

Nevertheless, it appears that the 60 dBA criterion has been inappropriately used in many reports 
over the past 25 years as a hard and fast rule regarding the effects of highway and other 
anthropogenic noise on birds. The evidence today clearly shows that the application of this 
criterion to constmction noise is likely to be far too conservative and unnecessarily restrictive. 
There are several reasons for this conclusion: (I) birds do not hear a<1 well as humans at low 
frequencies which contain the bulk of energy in traffic noise; (2) bird vocali7..ations are at higher 
frequencies Chan traffic noise; (3) the use of the A scale on the sound level meter which mirrors 
human hearing, as opposed to bird hearing, overestimates the effects of traffic noise on bird hearing 
because traffic and construction noises are predominantly low frequency; and (4) birds. like 
humans, can and do employ a number of short tenn behavioral strategies for hearing in noise such 
as turning their heads, changing height or location, raising their voice, and timing their 
communication to coincide with periods of low noise. 

Effects o( Traffic & Road Construction Noise on Bil·ds Page 87 of87 



This page left intentionally blank 



This page left intentionally blank 


	1
	2



