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CALIFORNTA BIRD SPECIES OF SPECIAL COMCERN

SPECIAL CONCERN PRIORITY

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

priotiry; CDFG 1992),

(3FNERAL RANGE ANT ABUNDANCE

Broadly distributed in western Norch America;
also occurs in Florida, Central and Souch America,
Hispaniola, Cuba, the narthern Lesser Antilles, and
the Bahamas (Haug ¢t al. 1993). Twa recognized
subspecies in Morth America; A. e, bypugaes in the
West, A ¢ feridara in Florida and che Bahamas
(Haug et al. 1993, Desmond et al. 2001). Qwls in
Florida and the southern portion of the western
range generally are year-round residenws (Haug et
al. 1993}, but elsewhere in Morth America they
appear 10 migrace south in 1 leap-frog fashion
(James 1992). Scant data on migration suggest
that most Burrowing Owls thar breed in North
America winter in Mexico (G. Holroyd pers.
comm.), Arizona, New Mexico, Texas, Louisiana,
and California, which is considered one of the
INOSE imporl:anr wintt:ring grnunds for migrantﬁ
{James and Echier 1989}, A lack of genetic dif-
ferentiation among migratory and resident owl
popularions in western North America suggests
thac these populations interbreed {Korfanta ex al.
2003). These resulis arc supported by recent stable
isotope analyses (Duxbury 2004).

SEASONAL STATUS IN CALIFORNIA

Year-round resident throughout much of che stare.
Seasonal status varies regionally, wich birds retreac-
ing from higher elevarions such as the Modoc
Plateas in winter (Grinnell and Miller 1944},
Ohservations of color-banded andfar radio-
tagged owls demonstrate year-round residency
in the Central Valley, San Francisco Bay region,
Carrizo Plin, and Imperial Valley (Brenckle
1936, Coulombe 1971, Thomsen 1971, Carlin
2004, Johnson 1997b, L. Trulio et al. and D, K.
Rosenberg et al. unpubl. dara). Migranis from
other parts of western North America may aug-
ment resident lowland populations in winter, The
hrecding senson in California is March w August,

bur can begin as carly as February and extend
inta December (Rosenberg and Haley 2004, . A,
Gervais unpubl. data).

HISTORIC RANGE AND ABUNDXANCE
IN CALIFORNIA

Grinnell and Miller (1944) described the bistoric
range of this ow] as throughour most of California
and rmost of irs islands, except the coastal coun-
ties north of Marin and mountainous areas.
Noting that the species was originally common
or even “abundant” in the stare, they reported
"large” numbers of owls still occurred in “favor-
able localities” bur that owls were in decline in
areas of human setdemenr, Grinnell and Wythe
{1927} reported that Burrowing Owls were “faitly
common in the drier, unsettled, interior parts of
[the San Francisco Bay] region; most numerous
in parts of Alameda, Contra Costa, and Santa
Clara counties. Quiside of this area has been
observed spatingly” in Senoma, Napa, Salang,
and Marin counties (Grinnell and Wythe 1927).
Willer {1933), also lacking quantirative infor-
mation, described the species on the southern
coast a5 a "common resident from coast m base
of mounrains.” In San Dicgo Counry, at least,
historical descriprions suggest thar the poputa-
tions may have been quite exrensive {Unic 2004).
The increase in abundance of owls in some
agricultural environments, such as the Imperial
Valley, from presenlement times likely began
prior to the late 19205, when desers conntry was
canverted ro irrigared agriculture {DeSante ex al.
2004, Molinz and Shuford 2004). The draining
of wetlands associated with European sevlement
in the Central Valley may also have increased owl
distribution and abundance.

RECENT RANGE AND ARUNDANCE
IN CALIFORN1A

The Burrowing Owl's overall breeding range in
California has changed only madestly since 1945
(see map}, but the local distribution of owls across
the state has changed considerably. There are chree
primary patrerns in the current distribusion, Firse,
declines and local extirpations have been mainly

BREEDING BIRD SURVEY STATISTICS FOR CALIFORNIA
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along the central and southern coast {DeSance
et al. 1997a, b; 2007), regions that are underpo-
ing rapid uthanization. Second, sizahle to very
large breeding populations remain in agriculiuzal
areas in the Central and Imperial valleys, where
Burrowing Ohwls have adapred to highly modified
habitas (Coulombe 1971, R.oscnberg and Haley
2004). Third, it appears that the vast majaoriry of
owls occur on privare lands (DeSante et al. 1997,
2004), largely because of the high densities in
apricultural areas. These parterns will present dis-
tince challenges and unique opportunitics in the
conservation of this species.

MNumbers of Burrowing Owls on Breeding
Bird Survey (BBS) routes in California increased
significantly from 1968 to 2004 (Sauver et al
2005}, Conversely, Christmas Bird Count data,
19591988, show declines in midwinter numbers
of Burrowing Owls in California (Sauer er al.
1996). Other recent evaluations conclude that
declines have occurced in the Cenrral Valley, San
Francisco Bay region, and southern coast {DeSante
et al. 1997a, 2007; Trulie 1997; Comrack and
Mayer 2003). However, preliminary BBS anatyses
of regional parterns within California derected
declines in sorme regions of California, bur increas-
e in the Imperial Valley (DreSante et al. 2007, C.
Conway pers. comm.). Understanding the decails
of spatial patterns of changes in BBS data, and
their limitations due w insuflicient dara, would
help resolve che apparent inconsistencies.

Concern over declines on the coast and in
urbaniml AlrEas (]F [hE Cfﬂnt[ﬂl Vﬂ]lﬂ:{ I.CI:I. in sur-
veys of selected 5 x 5 km survey blecks within core
areas of the state in 1992 and 1993 {DeSante er
al. 1997a, b; 2007}. Surveys failed ra locase breed-
ing owls in the coastal counties of MNapa, Marin,
San Francisco, Santa Cruz, and Ventura, and very
fow were located in Sonoma, San Matco, Santa
Barbara, and Orange counties. These surveys in
selected blocks were not incended as 4 census of all
owls. Many of these areas may never have support-
ed sizable breeding populations (e.g.. Grinnell and
Wythe 1927), although daca are generally lacking.
There also appeared ta be sobstantial reductions
In numbers of breeding owls in othet counties
around San Francisce, San Fablo, and Suisun bays
(DeSante et al. 19972, 1997b, 2007; Kluce er al.
2003). The south San Francisco Bay population,
estimated at 103 breeding pairs, was considered ta
be declining sharply (DreSante er al. 19972, 2007;
Trulio 1997). Finally, the survey concluded chat
Burrowing Owls were in decline throughour the
Central Valley, but this conclusion was based on
mostly anecdoral data and not the acrual survey
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(DeSante et al. 1997a). Scveral large populations
{e.g.., Waval Air Station Lemoore and Carrizo
Plain National Monument) were 3tvcrely under-
estimated or missed altogecher, and previously
underecred papularions were also found (DeSance
eral, 2007, D. K. Rosenberg et al. unpubl. data),
largely due to the survey methods that often
had low, bur nnestimated, detection probabilities
{(DeSante er al. 2004). In conerast, Burrowing
Owls remain abundant in rthe Imperial Valley,
where current densiries in thae agricultural syseem
apparently far exceed those found in the native
desery prior to agriculural conversion (DeSante et
al. 2004, Rosenberg and Haley 2004).

Addirional information from anccdoral sighe-
ings or multispecics surveys offer further insight
into status and declines in other regions of the
state as outlined below,

MNortheastern Caﬁ'ﬁrrm‘a. A|th0ug|1 its status in
this region is poorly known, the species appears 1o
be scarce and may have been so historically. To the
west, a few owls are currencly known from Shasta
Valley, Siskiyou Conncy, but they may have been
extirpated as breeders from the Klamach Basin
since the carly 1990s (Summers 1993, Cull and
Hall 2007, R. Ekstrom and K. Spencer fide W
. Shuford). Burrowing Owls currently nest in
small numbers in the Honey Lake basin of Lassen
County and in the Plumas County portion of
Sierra Valley, and they have been reported from
maost other large valleys in the region, incud-
ing Big Valley, Lamen and Modaoc counties, and
at Modoc N'WR and Surprise Valley in Modoc
County (Cull and Hall 2007, E Hall in lite.}.

Central and southern coasr. The Burrowing
Owl has declined in Monterey County, with small
populations remaining near Salinas and King Ciry
(Roberson 2002). It has been nearly exritpated as
a breeding species from coastal San Luis Obispo,
Santa Barbara, Ventura, Los Angeles, and Orange
counties {Comrack and Mayer 2003); historic
population sizes are not known. The San Diego
region has apparently seen steady declines of owls,
down frum possibly sizable populations less than 2
century ago (Willeee 1933, Unire 2004). Elsewhere
on the coastal slope. small numbers persist at scat-
tered sites, many af which are threatened by fur-
ther development. The largest numbers remaining
in this tegion appear to be the minimum of 350
pairs kmown o be breeding in Riverside and San
Bernardino counties, collectively (G. Short pets.
comm.), followed by 4 lesser number in 5an Diego
Councy {Unite 2004). Sites occupied include the
vicinity of 5an Bernarding, Chino, and Ontario,
San Bernardino Counry; near Perris, Lakeview

Species Acconnrs
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{3an Jacinte WA}, Winchester, French Valley,
Temecula, and the Pechanga Indian Reservation,
Riverside Cuunl:{; and wo mi]itar)-' hases in
San Diego, Oray Mesa, and Wamner Valley, San
Diego Councy (Unite 2004, Calif. Mar. Diversity
Dartahase unpuhl. dara). Both che historic and
recent status are unclear on the Channel Islands,
but breeding has been documented in recenr years
only on Sanra Batbara and Sanra Caralina islands
(Collins and Jones in press).

Seuthern deserts. Burrowing Cwls occur across
most of the Mojave and Colorado descrts of
Inyo, eastern Kern, northern Los Angeles, San
Bernandino, castern Riverside, eastern San Dicgo,
and ]mperia.l counties (Miller 2003, references
therein). Garrert and Dunn {1981) described
the species as "quite scarce” from Inyo County
south through the eastern Mojave Dieserr. Overall,
regional numbers are low and occupied areas are
win:lt:ly scattered, which is like]y typ'll::al for chis
species in desert systems,

By contrast, numbers have increased gready
wicth rthe expansion of agriculture, parricularly
in the lmperial Valley and 2pparently along the
lewer Colorado River, where the species was not
teported prior to the advenr of large-scale agricul-
ture early in the 20th century (Rosenberg et al
1991). An estimared 5600 pairs (95% confidence
interval: 3405-7795) nested in the Imperial Valley
during 1992 and 1993 {DeSante et al. 2004),
and approximately 250 pairs nested in che Male
Verde Valley near the Colomdo River in Rivetside
Caunty during 2001-2002 {}. Kidd in litt.).

ECOLOGICAL REQUIREMENTS

The Burrowing Owl is primarily a grassland spe-
cies, but it persists and even chrives in some land-
scapes highly altered by human activity (Thomsen
1971, Haug et al. 1993, Mi”sap 20072, Gervais et
al. 2003, Rosenberg and Haley 2004). The over-
riding characteristics of suitable habitat appear to
be burrows for roosting and nesting and refatively
shorc vegetation wich only sparse shrubs and raller
vepetation {Green and Anthony 1989, Haug <t
al. 1993). Owls in agricultural environments nest
along roadsides and water conveyance structures
{open canals, ditches, drains} surrounded by crops
(DeSante e al. 2004, Rosenberg and Haley 2004).
Burrowing Owls often nest near and under run-
ways and associated struceures (Thomsen 1971,
{zervais et all 2003). In urban areas such as much
of Santa Clara County, Burrowing Owls persist in
low numbers in highly developed parcels, such as
Moffere Federal Airtield, in busy urban parks, and

Burrowing Gl

adjacent to roads with heavy trafhic (Trulie 1997,
D. K. Rosenberg pers. ohs.).

Nest and raost burrows of the Butrowing Owl
in Califernia are most commonly dug by ground
squirrels (e.g.. Spermophilur beecheyi; Trulio 1997,
D. K. Rosenberg et al. unpubl. data), but they
may use Badger (Faxidea taxus), Coyote {Canis
Latrans), and fox (e.g.. San Joaquin Kit Fox, Vudpes
macrors muticd) dens or holes (Ronan 20032),
Because the owls may excavate their own bur-
rows in the soft earthen banks of the ditches and
canals in the Imperial Valley (D K. Rosenberg et
al. unpubl. dara), availahiliry of burrows may not
limit populacion size in that region. Owls in the
Imperial Valley also use the small holes of Round-
tailed Ground Squirrels (Cireflur rereticandus}
and Botias Packet Gophers ( Thonomys botiae) as
“starts” {Coulombe 1971, Rosenberg and Haley
2004). Structures such as culverts, piles of con-
crere ryhble, and pipes alsy are used as nest sites
(Rosenberg er al. 1998). Nest boxes are often used
by awls, and their installation may be an impor-
rant management ool in Califarnia (e.g., Trulio
1995, Rosenberg e al. 1998).

The diet of Burrowing Owls in California
includes a broad atray of archropods (cenripedes,
spiders, beetles, crickets, and gr:mhuppers), small
rodencs, birds, amphibians, reprtiles, and carrion,
similar to cheir diet rangewide (Thompson and
Anderson 1988, Green eral. 1993, Plumpton and
Luz 1993, Gervais e al. 2000, York er al. 20032).
Althaugh insects dominate the diet numerically,
vertebrates account for the maj(}rity of hiemass in
some regions (Green et al. 1993). In California,
there is evidence thar rodent populations, particu-
latly those of California Voles (Microzus californi-
cres), may greatly influence survival and reproduc-
tive success (Gervais and Anthony 2003, Gervais
ct al. 2006}, Food limits the number of Aedged
young in some years and at some sites (Haley
2002). This is not surprising given the large clucch
size {up ta 14 eggs; Haug e al. 1993, Todd and
Skilnick 2002).

During the breeding season, owls forage close
to their burrows but have heen reconded hunting
up to 2.7 km away (Haug and Oliphant 1940,
Gervais et al. 2003). Qver 80% of foraging
observations in agriculrural areas of the southern
San Joaquin and Imperial valleys occurred within
600 m of the nest burmuw (Gervais et al. 2003,
Rosenbetg and Haley 2004), Home-range size is
likely related to fond abundance (Mewtan 1979),
but this relationship is unclear for Burrowing
QOwls. Owls in Saskarchewan appeared to avoid
cropland in a2 mixed landscape in two instances.
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and on¢ owl avoided fallow land in the same study
(Sissons et al. 2001); in the same region, owls
aveided cropland in favor of grass-forb habivar
(Haug and Oliphant 1990; but see Gervais et al.
2003 for mechodological issues}. Foraging owls
in agriculrural arcas of California exhibited little
or na se]ecliDn for cover Lypes; instead, forag—
ing locations were best predicted by distance w
nest {Gervais et al. 2003, Rosenberg and Haley
2004).

The Burrowing Owl is often considered a
sedentary species (e.g., Thomsen 1971). A large
proportion of adults show strong fidelity o
their nest siwe from year to year, especially where
resident, as in Florida {74% for females, 83% for
males; Millsap and Bear 1997}. In California,
nese-site Odelity rates were 32%-50% in a large
grassland and 57% in an agricultural environment
(Ronan 2002, Catlin 2004, Caclin et al. 20035).
Differences in these rates among sites may reflecc
differences in nes¢t predation rates {Catlin 2004,
Catlin er al. 2005). Despite the high nest fidelicy
races, dispersal dismances may be considerable for
both juveniles (naral dispersal) and adults (post-
breeding dispersal), but chis also varied with loca-
tion {Catlin 2004, Rosier et al. 2006). Distances
of 53 km to roughly 150 km have been observed
in California for adult and naal dispersal, respece-
tively (D. K. Rosenberg and ]. A. Gervais unpuhl.
data), despite the difficuley in detecting move-
ments beyond the immediate study area (Koenig
et al. 1996).

These large dispersal parerns likely were
responsible for the lack of genuie differences
among the three California populations that
wete analyzed for genetic structure (Korfanta et
al. 2005). Although even Burrowing Cwls from
resident populations may disperse widely, inbreed-
ing does occur (Johnson 1997a, Millsap and Bear
1997, D. K. Rosenberg et al. unpubl, data).

THREATS

Habicat loss and degradation from rapid urbaniza-
tion. of Farmland in the core areas of the Cenrral
and Imperial valleys is the greatest threat
Burrowing Onwls in California. Ongﬂing urban-
ization in coastal regions, changes in agricultural
pral:ticr_'s, and ﬂ)ntinuing eradication of gmund
squirrels are also serious chreats,

The importance of habitat loss is emphasized
by rhe fact that most owl populations suffering
cither extirparion or drastic reduction have been
in coastal counties that experienced tremendous
urbanizarion in recent decades. The hunmian popu-
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lation of the Central Valley alone is projected to
reach well over 1D million by 2040; this valley
is considered among the most threatened of all
1.5, farmland regions (American Farmland Trust,
wwiw.farmland.ocgf programs/states/cal/default.
asp). Loss of agricultural and other open lands
will negacively affect owls. Because of cheir need
for open habitat with low vegetation, Burrowing
Owls also are unlikely to persist in agriculeural
lands dominated by vineyards and orchards. They
nest in snme of Californias wban environments,
but in Florida, areas with higher densities of devel-
opment supporied fewer owls and were correlated
with lower rates of nest success (Millsap and Bear
2000). However, urban develepment ar meder-
ate levels appeared to benefit owls by increasing
prey availability farthropods and lizards) near
homes and reducing merraliry from natural causes
{Millsap and Bear 2000, Millsap 2002). This pat-
tern may hold for California, but presently chis is
not known.

In additian ro loss of nesting burrows from
extermination of ground squirrels, developed
environments pose a substantial risk ro Burrowing
Owls frem martality caused by traffic {Klute e
al. 2003, D. K. Rosenberg et al. uupubi. data).
Owls nesting along roadsides or parking lots are
at greatese rigk, although owls foraged along roads
over | km from the nest burrow (Gervals et al,
2003}, Wind rurbines are 2 potential populacion-
level chrear to Burrowing Ohwls at Altamont Pass
{Thelander er al. 2003), buc sites appropriate for
wind development will not be located in the low-
land habitats where most Burrowing Owls necor.
Migrating owls may be art risk, but this must be
evaluated on a case-by-case basis, as many facrors
influence risk (e.g.. Drewirr and Langston 2006).
Burrowing Owl migration routes and patierns
are still poorly understood. High-volrage electri-
cal ftences around prisons have caused mosalicy
locally in the Imperial Valley (D. K. Rusenberg er
al. unpuhl. dawa}, but the implications for popula-
tions are unknown,

Pesticides may affect Burrowing Qwl popula-
tions in croplands and rangelands (James and Fox
1987, James ec al. 1990). In the southern San
Joaquin Valley, hawever, there was na indication
that foraging owls either selected or avoided fields
recently treated for pesticides, although owls did
use crops extensively for foraging {Gervais et al.
2003). Alihough some individuals may be affected
by persistent pesticides (Gervais et al. 2000,
Gervais and Catlin 2004), the owls” high densities
and strong demographic rates provide evidence
that pesticide impacts overall ate nnc sufficient

Specier Accotinns
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o offser the bencfits of nesting in agriculiural
regions (Gervais and Anthony 2003, Rnsenherg
and Haley 2004, D. K. Rosenberg et al. unpubl.
data). Pesticide impacts may be mediated by
environmental conditions, however. Gervais and
Anthony (2003) found that body burdens of
DDE were associated with declines in productis-
ity only during a vear of prey scarcity. Although
the proportion of the population affected was
small, changes in prey abundance in che future or
ather stresses could modify the impace of DDE
{Gervais et al. 20006).

Farming practices are likely a greater threat to
Burrowing Owls in agriculwaral environments.
[hscing ro control weeds in fallow fields may
destroy burrows {(Rosenberg and Haley 2004).
Road and ditch maintenance iv agriculoural areas
poses a threat to both owls and their nests, but
these linpacs can be minimized rhmugh man-
agement actions {Catlin and Rosenberg 2006},
Burrowing Owls in the lmperial Valley may be
affected by proposed plans ro line ditches and fal-
low ficlds ro increase warer supplics to urban arcas,
and by efforts o alleviare increasing saliniry in the
Salton Sea (Molina and Shuford 2004),

Emerging diseases such as West Nile virus may
be significant threats to Burrowing Owl popula-
tions, bur few dawm currenty exist, Given thar
West Nile virus is known 1o be pacticularly viru-
lent in raprors, concern seems warranted as West
Nile virus expands in Galifornia.

MANAGEMENT AND RESFARCH
RECOMMENDATIONS

* Develop a conservation strategy with spe-
cific populadion goals, desired densities, and
distribution chat can be medified as more
infermation is gaim:d. Use risk-assessment
modeling to identify populations critical for
tegional persistence.

# Place sizable tracrs of grassland under con-
servation easements OF agrerments with
agricultural {grazing) operations to main-
rain populations through best management
practices, such as the elimination or restric-
tion of small mammal poisoning.

¢ Also seck conservation agrecinents with
landowners of row-crop agricubture ro
encourage appropriate management of
water cOnveyance Sstructures, roadsides,
and field margins. It will he necessary to
work closely with landowners to alleviate
concerns that mainwining owls on cheir
property is a liabilicy in terms of flexibilicy

Bwrvorwing Owd

in land management practices necessaty w
maintain economic viabilicy.

¢ Mainnin suirable vegeration structure
through mowing, revegetation with low-
growing and less dense native planw, or
controlled grazing, as appropriate.

e Where nesting burrows are lacking, enhance
habitar by using ariificial burrows or encour-
aging the presence of ground sguirrels.

# Conrrol off-road vehicles and unleashed pets
within veeupied Burrowing Owl habicat,

& Develop prescriptions that mimic naru-
ral processes and thar preferably do not
require angoing managemens for mainrain-
ing Burrowing Owls,

®* Develop  guidelines  far maintaining
Burmowing Owls and their burrows during
management of agricultural water convey-
ance structures.

* Assess varions strategics for maintaining owl
populations in urbanizing areas.

s Derermine owl distribution and abundance
in publicly owned grasslands and other sites
of known or likely occurrence that have not
yet been well characterized.

®  Assess the risk Burrowing Owls pose o air-
craft operations safery, and develop manage-
ment guidclines for owls at airports where
‘I-H:y ncouar.

» Conduct research examining the factors thay
attract owls, and maintain them in locarions
from which populations were previously
extirpared. [n particuler, rigorously evaluate
translocation o determine when, if ever, it
is an effeccive management tool.

* Determine patterns of long-distance disper-
sal,

 Identify the magnitude and source of win-
tering populations.

MONITORING NEEDS

Monitaring of changes in the abundance or
demographic rates of Burrowing Owls should
be linked with eflorts both to identify the causes
of any declines and to assess the response of
the population 0 management actions (Neon
2003). Management strategies, and thus moniror-
ing efforis, should be region-specific o account
for the varied threats cach region faces. Ateas of
the state with declining populations for which
potenrial causes have been identified (such as
urtranization) shonld have priority in the design
and implementation of conservation strategies,
whose effectiveness should be evaluated wich

223



STuDies or WEsTEAN Biros

subsequent menitering, Monitoring iwself can be
elfective only when population goals have been
identified and the monitoring stratepy evaluated
to ensure thar it is sufficiently sensitive 10 derect
population L‘hanges cansidered  notewaorthy for
Mmanagement,

Effective methods for estimating aceual or
relative abundance of this species are clearly
habirat specific. For example, call surveys have
been effective in extensive grasslands (Haug and
Didiuk 1993, Ronan 2002, Conway and Simon
2003), whereas counts of owls along edges of farm
fields from vehicles are very eltective in intensive
agricul[ural areas (Rﬂsenb-erg and Haley 2004}
Mechods that use counts need w account for the
variable probabilicy of detecrion among habiracs
it patterns of distribution and change are to be
inferred from surveys. Daca from large-scale sur-
veys such as the BRS should be critically evaluared
to identify regional patterns within California
and to assess the effectiveness of chis monitoring
approach given the often small numbers of owls
detected and the inconsistent observer effort,
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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 determine 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
surveyars. These protocols are meant to help people meet California Environmental
Quality Act (CEQA)! requirements for adequate disclosure of potential impacts to plants
and sensitive natural communities. These protocals 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 wetlands? or by the U.S. Fish and Wildlife
Service to survey for the presence of special status plants3.




Department of Fish and Wildlife Trustee and Responsible Agency Mission

The mission of the California Department of Fish and Wildlife (CDFW) is to manage
California’s diverse wildlife and native plant resources, and the 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 biclogically sustainable populaticns (Fish & G.
Code, § 1802}. COFW, as frustee 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 destriction or adverse madification, or because
of a combination of these and other factors, The California Endangered Species Act
{(CESA) and Native Plant Protection Act (NPPA) pravide additional protections for such
species, including take prohibitions (Fish & G. Code, § 2050 ef seq.; Fish & G. Code, §
1908). As a responsible agency, CDFW has the authority to issue permits for the take of
gpecies listed under CESA and NPPA if the take is incidental to an otherwise lawful
activity, CDFW has determined 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., fit. 14 § 786.8, 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.

Definitions

Botanical field surveys provide information used to determine the potential
environmental effects of proposed projects on spacial 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 ot more of the following critenia;

= 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.)*. 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 pertion, 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 Rafar bn miirrard anlinea mikliched liete suzilakle at
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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 formaily noticed as being under
raview by CDFW for addition to either the list of endangered species or the list of
threatened species, or a species for which the California Fish and Game

Commission has published a nolice of proposed regulation to add the species to
either ligt (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 {qd), 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 CNPS as CRPR 3 or 45,

e {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 planis or their

§  See CNNDR'% Snacial Vasealar Plante Rrvanbutas and | ichane | ict far nlant taxa with a CRPR of 1
ar2

CRFr o prams ypians aucu winGhn move jisnmaoan s neeuss; and wrers 4 plants (plants of imited
distribution) may warrant consideration under CEQA Guidelines section 15380, Impacts to CRPR 3
plants may wamrant consideration under CEQA If sufficient infermation is avallable 1o assess potential
impacts to such plants. Impacts to CRPR 4 plants may wamant consideration under CEQA if
cumulative impacts to such plants are significant engugh to affect their overall rarity. Data on CRPR 3
and 4 plants should be submitied to CNDDB. Such data aids in determining and revising the CRPR of
plants. See CNNDR'a Snerial Wasrnlar Planke Rnmnnhutas and |irhane |ict far nlant taxa with 2
CRPR of 3 or4
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habitat COFW's List of California Terrestriai Natural Communities’ is based on the best
available information, and indicates which natural communifies 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 classification®,

2. BOTANICAL FIELD SURVEYS

Evaluate the need for botanical field surveys pnor to the commencement of any
activities that may modify vegetation, such as cleanng, 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 itis 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 occeur 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 communitiea that may be present. Botanical
field surveys should 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 flonistic in nature and are not adequate tc identify all plants in a project area
1o 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
communilies detected in the project area. More than one field visit is usually necessary
to adequately capture the floristic 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 betanical information in the general project area to provide a regicnal
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context. Consult the CNDDB® and BIOS™ for known occurrences of special status
plants and sensitive natural communities in the project area prior to botanicat field
surveys. Generally, identify vegetation and habitat types potentially eccurring in the
project area based on biological and physical properties (e.g. soils) of the project area
and surrounding ecoregion'!. 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 QuiickView Tool'? which allows the user to
generate lists of CNDDB-tracked elements that occur within a particular U.S. Geological
Survey 7.5' tepographic 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 aver the entire project area, inciuding
areas that will be directly or indirectly impacted by the project. Adjoining properties
should also be surveyed where direct or indirect praject effects could occur, such as
those from fuel modification, herbicide application, invasive species, and altered
hydrology. Surveys restricted to known lecations of special status plants may not
identify all special status plants and sensitive natural communities present, and
therefare do not pravide a sufficient level of infarmation to determine potential impacts.

Field Survey Method

Conduct botanical field surveys using systemaltic 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
hecessary 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
19 Availahle at

1 Frnlnaicgl Euumgruua WL Uy oLaees, avanaor: db

2 avalaoie at When craating a list of spaecial
sfatus plants YILI LG RO L Wbl T WL Al Gl SRSLA el O ahould be taken to search all
quads with simllar geclogy, habitats, and vegetation te thase found in the project area.
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Timing and Number of Vigits

Conduct botanical field surveys in the field at the times of year when plants will be both
evident and identifiatie. Usually this is during flowering or fruiting. Space botanical field
survey visits throughout the growing season o accurately determine what plants exist in
the project area. This usually involves mulliple visits to the project area (e.g. in eariy,
mid, and late-sgason) to capture the floristic diversity at a level necassary to determine
if special status plants are present'S. The timing and number of visits necessary to
determine 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 betanical
field surveys are conducted.

Reference Sites

When special status plants are known to occur in the typs(s) of habitat present in a
project area, observe reference sites {nearby accessible cccurrences 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 Survays

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 current*,

= 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. gecphytes,
annuals and some short-lived plants);

¥ US. Fish and Wildlife Service Guidelines for Conducting and Renartina Antaninal Invantarias for
Fadaralls | leted Prannesd and Candidate Plants available at

¥ maoias, suun as gassanus of geserd plant communities that have annual and short-lived perennial
plants a9 major floristic componants may require yearly surveys to accurately dacument baseline
conditions for purposes of impacl assessment. In forested areas, however, surveys at intervals of five
years may adequately represent current canditions. For forested areas, refer to "Guidelines for
Canservatian af Sensitive Plant Resaurces Wilhin the Timhar Harvest R aviaw Procass and Morina
Timhar Hanvealing Qperations”, available at
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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 ¢limatic conditions of the project area
have changed since the last botanical field survey was conducted,

» Changes in vegetation or plant distribution have cccurred 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
tactors; or

+ Recent taxonomic studies, status reviews or other scientific information has
resulted in a revised understanding of the special status plants with potential to
accur 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 report??,

The failure to locate a known special status plant occurrence during one field season
does not constitute evidence that the plant cccurrence 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-livad 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, particularly if conditions
change. To further substantiate nagative findings for a known occurrence, a visitto a
nearby refarence 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

5 LLS. Fish and Wildlife Service Guidelines for Conducting and Rennrting Rataniral Inventorias for
Fertarally | isted Pronnsed and Candidate Plants available at
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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 geagraphic 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 datum?® in which the spatial data was
collected and any uncertainty or emor associated with the data. If GPS is not
available, a detailed map (1:24,000 or farger) 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
aceurately as possible;

The site-specific charactenstics of occurrences, such as associated species,
habitat and microhabitat, structure of vegetation, topographic features, soil type,
texture, and soil parent matenal. If a special status plant is associated with a
wetland, provide a descriplion 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 jarge);

if applicable, informaticn 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, with diagnostic features.

Special Status Plant and Sensitive Natural Community Documentation

When a special status plant is located, data must be submitted fo the CNDDB. Data
may be submitted in a variety of formats depending on the amount and type of data that
is collected’. The most common way to submit data is the Online CNDDB Field Survey
Form'8, or equivalent written report, accompanied by geographic logality information
(GPS coordinates, GIS shapefiles, KML files, topographic map, etc.). Data submitted in
digital form must include the datum'? in which it was collected.

If a sensitive natural community is found in a project area, document it with a Combined
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Vegetation Rapid Assessment and Relevé Field Form2® and submit the form to
VegCAMPZ1,

Voucher Collection

Voucher specimens provide verifiable documentation of special status plant presence
and identification and a scientific record. This information is vital to conservation efforts
and valuable for scientific research. Collection of voucher specimens shouid 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 pemits 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 permit?2 is required from CDFW prior to the take
or possession of a state-listed plant for voucher collection purposes, and the permitiee
rmust comply with all permit conditions.

Voucher specimens should be deposited in herbaria that are members of the
Consortium of California Herbaria?® 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 impontant 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
s A description of the proposed project;

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

s A vegetalion map of the project area using Survey of California Vegetation
Classification and Mapping Standards?® at a thematic and spatial scale that
allows the display of all sensitive natural communities;

+ A spil map of the project area; and

Available at
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A written descniption of the biological setting, including ali natural communities;
geaiogical and hydrological characteristics, and land use or management history.

Detailed description of survey methodofogy and resulls

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 cate), 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 Relevé Field Forms should be
sent to the CNDDB and VegCAMP, respectively, and included in the project
environmental document as an Appendix2,

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 herbana visited.

25

It is not necessary to submit entire environmental decumenls 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 considenng nearby occurrences and natural community distribution;

A discussion of project related direct, indiract, and cumulative impacts to special
status planis 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 ecclogy;
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 Vegelation
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 communilies.
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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, the agent,

occupation, dust conditions, and various other factors. A control

program is outlined.

EXPOSURE FACTORS IN OCCUPATIONAL

COCCIDIOIDOMYCOSIS

Lawrence L. Schmeizer, M.P K., and Irving B. Tabershow, M.D., F.AP.FLA.

THE rapid and inereasing influx of in.
dustry and apriculture into the south-
western United States has heightened the
importance of coccidicidomycosis as an
occupationa! discase. Before 1938, this
disease was of little interest hecause
relatively few clinical cases were recog-
nized and the morbidity caused by pri-
mary infection wag not appreciated. In
that year, Dickson and Gifford,? report
ing on EB’VBI’H! }'EE]’B Of Elud)’, C].EBT]Y
established that the hLenign, primary
form of the disease was an important
cause of illness in the endemic areas,
and that the disease is caused by inhala-
ton of spores of Coccidioides immitis.
During World War TI, coccidioidamy-
cosis was shown to be the cause of sig-
nifeant illness among soldiers in train-
ing at camps in the endemic areas.
Studies by Smith, et al.* showed that
preventive measures, notably dust con-
trol, were effective in reducing the rate
of infection and the seriousness of epi-
demics.

Epidemics have also been reported in
susceptible groups of university person-
nel that entered endemic arcas. In 1942,
Davis, ct al.,? reported infection in seven
of 14 students and staff from Stenford
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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 circumstanees, and one student,
not participating in the ficld trip, de-
veloped disease through the handling of
contaminated specimens in the labora-
tory.* In 1962, 100 per cent infection
was reported in a group of 16 persons
from UCLA who participated in an
archaeologieal feld study near Laos
Banos, Calif.* Again in 1965 three stu-
dents from UC Berkeley developed clin-
ical disease after a field trip in the same
general area.

Coccidioidomycosis ranks high among
the infectious occupational diseases® as
shown in Table 1. Further, the case fa-
tality rate closely parallels that of tuber-
culosis as shown in Table 2.9 These rates
are based on reported clinically recog-
nized cases. In hoth diseases, primary
infection usually goes unnoticed. Fatal-
ity rates for hoth diseases are consider-
ably less when hased on total pumber of
infections.

In spite of the fact that coceidinidomy-
cosis is in mTost instances inapparent or
mild, the discase causes significant dis-
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Table 1—Number of disahility cazes of
selected occupalional diseases in Call-
fornia by Ascal year of report*

Number of
disabilily cases
1962. 1963 1954- 3-year
1963 1964 1965 total

Visease

Coccidividomyeosis 21 34 27 82

Tuberculosia 28 pot) 24 i) |
Anthrax, brucellosis,

Q fever 1L 13 13 a7
Psittacosis 1
Tetanus 1 2

* From: Work lajutles in Galifoznis, Quinterly Statls-
tial Summery. Stete of Calilornls Department of In-
dusirinl Wellfure, Dirislon of [sbor Shativics and Re-
nearch,

ability in California workers. Although
the 106 cases reperted 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 unusuel. As late
as 1957, coccidioidomycosis caused more
disability at Williams Air Force Base in
Arizona than any other disease including
the upper respiratory infections.? While
the average incidence of hoth infections
was the same, the average disability of
34.6 days caused by coccidioidomycosia
wag seven times higher than that caused
by upper respiratory infections.

Since it is not now possible to pro-
vide artificial immunity to those entcr-
ing an endemic area and since suscepti-
bility te coccidicidomycosis is essentially
universal, the introduction of industrial
or agricultural workers inte endemic
areas carries with it the responsibility
of assessing the hazard of the discase
to such populations. Nene of the expo-
sure factors in the production of coc-
cidioidomycosis is susceptible to control
to the degrce necessary to prevent in-
fection entirely. Sufficient knowledge of
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the direct and predisposing czuses of
the disease, however, does exist so that
it may be possible to reduce hoth the
incidence of infection and its severity.

Geagraphy

Coccidivides immitis has been reported
only in the arid and semiarid regions
of southwestern United States, in Mex-
jco, Central Americe, Venezuela, and in
the Chaco region of Argentina. The arcas
of endemicity roughly parallel the boun-
daries of the lower Sonoran Life Zone,
which is characterized by scant rainfall,
hot dry snmmers, alkaline seil, mild win-
ters, sparce flora and fauna and, until
recently, few human inhabitants (Figure
1)} .2 The creosote bush, Larrea tridenteta,
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 of C. immitis, and
conversely small endemic areas may oc-
cur outside the zone. However, the po-
tential of serious sequelae to infection
ig snfficient justification to consider any
entry into suspected endemic areas as
leading to exposure to the discase.

Infectious Agent

Spaores of C. immitis are found in the
first few inches of the soil and in larger
numbers in the vicinity of rodent bur-

Table 2—Case falality rates for eoccidi-
oidomycosis and tuberculosis in Cali-
fornia 1960-1963 *

Case fatality ratest
1960 1951 1962 1953

Coccidioidomveasis &6 148 123 111

Tutbereulosis 157 127 131 121

* Fram: Califernls Publlz Health Statisticsl Fepost
1963, Tarl 11 Commmalcable DMasnnew, Califorpin Siete
Department of Public Health.

t Case falality rater ars par 100 casen repotied.
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animals.’? The organiam has very sim-
ple nutritional requirements for growth,
grows on practically any medium, and
has been shown to prefer a saline en-
vironment!? ineluding body Anida.

Physical Properties

Typical mature hyphae of C. immitis
yield barrel-shaped arthrospores, ap-
proximately 2.5 micrans in diameler and
4 microna long, alternating with amaller
sterile cells. The empty cells rupture
easily to free the spores, leaving on the
latter cell wall fragments which add to
the length of the spore and also decrease
the apparent specific gravity. Particle
dynamicz help o explain the highly in-
fectious nature of the C. immitis and its
wide distribution by winds. The im-
portant factors are terminal settling ve-
loeity and impingement forces, both of
which are proportional to the particle
size and specific gravity. Ahlhough ac-
tual spore dimensions vary and the spe-
cific gravily is not accurately known, it
can he postulated that effective spore
diameter is about 5 microns and ity ape-
cific gravity is about 0.75. Terminal
seitling velocity for the spores is 0.01
cenlimeters per second when computed
on the basia of these figures. In com-
parisen, a quartz particle having this
terminal settling velocity would bave a
diameter of 1.4 mierona. From this it is
clear that spores of C. immitis are easily
air-borne, settle slowly, can penetrate
into the amallest bronchioles and alveoli,
und that a significant percentage of re-
tention in the lung can be expected.

Dust Conditions

In the heat of early summer, what
littke ground cover that exists in the en-
demic areas withers and dies, winds dis-
turb the surface dust and lif¢ the spores
into the air. The elow terminal settling
velocity permils the spores to become es-
sentially a permemment atmospheric con-

taminant under turbulent wind condi-
tions. Such conditions are not unusual in
arid regions where thermsl phenomena
generate severe atmoapherie disturb-
ances. Very small, intense, local whirl-
winds, known ss "dust devils,” can raise
dust containing large numbers of spores
if they pass over pockets of high con-
centration in the soil. Large, rapidly
moving air masses are also commeon,
such ms the “Santa Ana Winds” which
blow from the Mojave Desert south into
the San Fernando Valley. These winds
will carry spores into nonendemic areas
but the concentration will be low because
of the nanselective raising of doat. Seil
tests, therefore, capnot assure that an
area within or close to an endemic zone
is free of the organism and surface travel
through or near endemic areas hass re-
sulted in exposure and infection,

Occupation

Varying racial and sexual susceptibil-
ity influences the severity and disability
from cocecidicidomycoais, However, since
it results from inhalation of air-borne
arthrospores, occupsational factors must
be considerad in relation to the magni-
tude of probable dust exposure, It has
been shown that a sosceptible popula-
tion entering ah endemic area can ex-
perience an annual infection rate of
about 20 per cent.? No overt dust expo-
sure is necessary; infection ecam result
from wind-bormne spores traveling long
distances in lurbulent air conditions.
Labor groups where occupation involves
close comtact with the soil are at greater
risk, especially if the work involves dusty
digging operations, The period of disa-
bility in cases of occupational coc-
cidioidomyeosis reported in California
iz claggified by industry in Table 4.7
The significant differences in the periods
of disability can be ascribed to the varia.
tiona in exposure resulting from occupa-
tion.

Agricultural workers suffered less dis-
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ability because their exposure is proba-
bly to a few spores at a time. In held
crop operations, burrowing rodents are
not tolerated and the focus of endemicity
associated with them is not present. Till-
ing of the soil will tend to digperse pock-
ets of high spore concentration so that
the dust raised can be expected to con-
tain a relatively low concentration of
spores. Similarly, a gheepherder would
not be expected to receive a heavy, con-
centrated dose of arthrospores. This
would tend to produce milder disease
and a large proportion of inepparent and
mild infections.

In the construction trades, exposures
may be very different depending on the
specific operations. Pipeline, highway,
and ntility constructon 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, tbe dust raised can have
a high concentration of spores. Digging
of foundation and pipe trenches in resi-
dential or commercial buildinga can
lead to similar massive exposure. Simi-
larly, engineers involved in highway or
other heavy construction may be sub-
jected to heavy doses if they are work-
ing with the construction crews, but may
suffer exposure comparable to an agri-
cultural worker if they are only sur-
veying,

The exposnres of professionsls are

QCCUPATIONAL COCCIDIOIDDMYCOSIS

highly variable and difficolt to predict.
Groups of paleontologists and archaeolo-
gists have suffered 100 per cent infec-
tion when their pursuits led them to dig
in or around rodent burrows. Other
groupe digging in endemic areas have
completely escaped infection.

Ditcunsion

Prevention of coccidicidomycosis is
complicated by the fact that the organiam
is & netural end persistent inhabitant of
the environment. Determination of con-
centration of spores in specific locations
ia not feasible becauwse the selection of
appropriate samphling sites and identifi-
cation of C. immitis is dificult and time-
consuming. Furthermore, as previously
mentioned, spores cen be air-borme for
long periods of time and travel pgreat
distances. Consequently, the importation
of any susceptible labor force ino en-
demic areas carries with it the responsi-
bility for reducing the rate and severity
of infection through whatever dust con-
trol measnres zre possible and for provid-
ing a vigorous program of medical sur-
veillance.

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

Table 4—Nomber of disability casea of oceupational coccidi-
cidomycosia in California by length of disability and in-
dustry for the periocd January, 1959, 1o June, 1962

Feriod of disability in days

Industry 0 1-14 15-29 3050 > 60 Tolal
Agriculture 6 1} 4 4 1B
Construction 2 1 5 13 21
Professions 5 1 ] 8 22

From: Sommary of Raperw of Occopatisonlly Cootracted Coccidloldomycouls.
19591963, Cueliformla Siate Departmeot of Public Flealih, Doress of Oecuperiooal

Heallh.
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demic area. As shown by Smith,? oiling
of parade grounds and barracks aresas in
military establishments reduced the rate
of infection. Similarly, planting of trees
and lawns around residences end indus-
trial plants can reduce the rate of infec-
tion by about half.'* Further protection
can be provided by fltering and eondi-
tioning of air supplied to plants and
ofhces, but this is not complete since it
does not control infection resulting from
exposure outsidc the working hours. Pro-
tection of agricultural workers and ani-
mal husbandmen to any realistic degree
is cxceedingly difhicult. Their exposure to
dust is an inseparable part of their em-
ployment and working conditions pre-
clude the effectivc use of respiratory
protection. ’

Operators of heavy earth moving
equipment can be effectively protected
during working hours by providing air
conditioned cahs, This not only protects
from coecidividomycosis but also eontrols
exposure to other dust, noise, and en-
gine exhaust fumes, Efficient and com.
fortzhle hoods for individual use are now
available with powered blowers for pro-
viding hltered air. These are useful on
smaller earth moving equipment and for
semistationary operations such as oil well
drilling. Exposures resulting from man-
ual digging are less easily controlled.
Continued use of respirators is very un-
comfortable in the usually high ambient
temperatures. and workers resist use of
this kind of protection. The wearing of
respirators can, however, be enforced
during recognized periods of high expo-
sure. For instance, building tradesmen
should wear respirators when dipging
foundation excavations or pipeline
trenchea, Similarly, highway engineers
can  wear respiralora when working
around earth wmoving machinery but
could dispense with this when surveying
ahead of or behind construction crews.
‘Scientists should be protected during ac-
tual digging operations hut not neces-
sarily during exploration.

Skin testing for previous infection by

nz

C. immitis is easy to perform and de-
fines the immune population. All persons
hired for work in endemie areas {or
whose assignments take them there)
should be tested. Assigning immune
workers Lo operations involving known
heavy exposures can effectively redoce
the incidence of infection. Hiring life.
long residents of the endemic areas can
also reduce the incidencc of infection
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. Ncgmes and Fi]ipinos have
been shown to be more suseeptible to
developing the highly fata] disseminating
form of the discasc.’® Unless such indi.
viduals are shown to have developed im-
munity, they should whenever possible
be assigned to work in areas or at jobs
where exposure te high concentrations
of spores will be minimal.

Periodic medical examinations or in-
terviews are useful te discover a his-
tory of low grade or subclinical infec-
tion and to evaluate the level of health
of the individual. This examinaton
must include repeated skin testing of
susceptibles until the patient shows con-
version to a posilive reaction signifying
immunity. Such an individual can then
be dropped from medical surveillance
for coccidicidomycosis. The medical
management of any respiratory ailment
suffered by persons at risk who are not
immune to coccidioidomycosis should
include a skin test.

Rescarch is presently being pursued
to develop an eflective antigen for pro-
ducing artificial active immurity to coc.
cidioidomycosis. If successful, this vae-
cine will make possihlc the total protec-
ton of populations entering endemic
areas. However, since man is not the
reservoir of the disease, but only an ac-
cidental host, eradicatiou will not be pos.
sible. Consequently the eflorts to prevent
disability from coccidioidomycosis must
he continued so long as susceptible popu-
lations enter endemic aress,
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Cantrel Program

A program for limiting the incidence

of occupational coccidioidomycosis and
reducing the severity of disease in those
who become infected would entail the
following;

1.

2,

Determine if the work location is

within the endemic area.

Hire resident labor whenever aveil-

able, particularly if dust exposures

may be heavy.

Establish a medical program includ-

ing:

a. Skin tests on all new employees, If
positive they can be assigned to any
jab; il negative, especially Negroes
end Filipinos, job expesure must he
carelully evaluated. If heavy concen-
tration of dust cennot be avoided,
thas: with negative skin tests should
not be emploved at that job.

b. Retest of susceptibles. Thia should be
continued every three to six months
until imtnunity is demenstrated by con-
version 10 a posilive reaciiom.

¢. Prompt treatment of respiratory ill-
ness in susceptibles. Conridioidomy-
onsis 15 a suspect In such illnesses (and
if such is the case early chemotherapy
can reduce the severity},

Educate the exposed population.

a. New employees should be informed of
the potential of infection and its conse-
quences.

b, All employeca should be adviced to
seek prompt medical treatment for any
respiratory illnesz and 1o inform the
attending physician of their poasible
exposute 1o the fungus, paticularly if
the physician praclices oulside the en-
demic area.

Control dust exposure by:

a. Oiling or planiing of areas around
plants, offices, and residences.

b. Filiaring and conditiening of air sup-
plies to plants and offices; providing
ait conditioned cabs on heavy equip-
merntt.

QCCUPATIONAL COCCIDIOIDOMYCOLIS

¢. Providing respirators, aic supplied hel-
mets, and the like, as indicated.

d. Preventing transport of C, immitis ou-
side¢ endemic area by thersughly clean-
ing eguipment and specimens Lelore
shipment 10 other work locationas,
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Expanding Understanding
of Epidemiology of Coccidioidomycosis
in the Western Hemisphere
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ABSTRACT: Coccidioidomyensis is a disease of hoth national and world-
wide imporfance that is most often diagnosed in nonendemic regions.
The endemic region for Coccidioides spp. lies exclusively in the Western
Hemisphere. Caccidioides spp. has long been identifled in semiarid areas
of the United States and Mexico, and endemic foci have heen 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 hast, 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 recent years
the incidence of the ceccldioidomycosis has increased in California and
Arizona, which may be partially due o the massive migration of Ameri-
cans to the Sunbelt states, Te date the highest number of ¢cases reported
in Arizona was in 2004, when o total of 3,665 cases of coccidioidemycosis
was reported, representing a 281 % increasc since 1997. Statistics on the
prevalence and incidence of coceidioidomycosis in Latin America 2ither
are fragmentary or simply are not available.

KEvYwoRrns: coccidioldomycosis; epidemiology; Western hemisphere

INTRODUCTION

Coccidioidomycosis is the oldest of the major myceses.! The discase was
described in 1892 and was first thought to be parasitic in nature.? It is caused
by two nearly identical species, Coccidivides (C.) immitis and C. posadasti,
gencrally referred as the “Californian™ and non-Californian™ species, respec-
tively.? 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. This article discusses up to date issues in the
epidemiology of coccidioidomycosis, as presented at the Sixth Intemational
Symposium on Coccidioidomycosis.

ECOLOGY

The endemuc region for Coccidioides spp. lies exclusively in the Western
Hemisphere, nearly all of it beiween the 40° latitudes north and south. This life
zone corresponds with the hot deserts of the southwestern United Siates and
northwestern Mcexico (the Mojave, Sonoran, and Chihvuahuan deserts). This
region is situated below 4,500 fect where creosote (Larrea tridentata), jojoba,
paloverde, mesqute, bursage, and cacti abound. The climate 15 and with a
yearly rainfall ranging from 10 to 50 cm, with extremely hot summers, winters
with few freezes and alkaline, sandy soil >®

In the United States this semiarid zone encompasscs 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 America
(Fie. ).}

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

RISK FACTORS FOR INFECTION AND DISEASE

Infection is usually the result of activities that cause the arthroconidia to
become arbormne and mhaled 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 coceid-
ioidomycosis incidence. Some studies have identified associations linking
climate and other factors to scasonal patterns of caccidioidomycosis and to
interannual variability and trends in the disease. Significant variables included
drought indices, precipitation, temperature, wind speed, and dust during the
preceding ane or more years.>? Infection usually oceurs during the dry scason.
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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 Joaguin
Vallcy, California, with 995 cases reported in 1991 and 3,027 cases in 199214
After a S5-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 stornis in the endemic area are often followed by outbreaks of coceid-
1ondomycosis. One particularly severe dust storm in 1977 carned 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.'*

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

Coccidioidomycosis has long been and continues to be a threat to military
perscnnel who reside or train in areas where Coccidioides spp. 1sendemic as the
Army, Navy, Marines, and Air Force have traditionally deployed large numbers
of personnel to endemic areas.'” During World War 1I, when several training
airfields were built in the San Joaquin Valley, California, coccidioidomyco-
sis was the most common cause ol hospitalizalion at many airbases in the
southwest *” More recently, there was an outbreak of coccidicidomycosis
among Navy SEALs dunng traiming exercises in Coalinga, California. Ten
(45%) of 22 men had scrologic evidence of acute coceidioidomycosis, the high-
est attack rate ever reported for a military unit. All patients were symptomatic,
and 50% had abnormal chest radiographs.'® Coccidioidomycosis must be con-
sideted an oceupational disease that occuts with increased frequency among
personnel exposed to the soil in endemic areas during military training.'

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 earthquake in January 1994. In all, 170
cases were reported in a 7-week period following the carthquake. This outbreak
1s unusual in that Ventura County 15 not typically considered a hyperendemic
area of coccidioidomycosis.!’

ender

Males are more often infected, which is likely related to occupational dust
exposures; however, males also appear 10 be at a higher risk for dissemination,
suggesting a hormonal ot genetic component.?! Drutz ef al. studied the direct
effect of human sex hormones and related coinpounds on the growth and mat-
uration of C. immitis in vifro, 17B-estradiol, progesterone, and testosteronc
were highly stimulatory for the parasitic phase of Coccidioides spp. growth,
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whereas cholesterol, ergosterol, and 17a-estradiol (a physiologically inactive
sterecisomer of 17B-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 saprobic phasc of fungal growth
was also detected. This suggests that direct stimulation of Ceccidioides spp.
by human sex hormones may help to account for sex- and pregnancy-related
predisposition to dissemination of coccidinidomycosis.??

Race

There is no known racial predilection for the acquisition of disease; how-
ever, disseminated disease occurs i0-175 times more often among Filipinos
and Afncan Amcricans, Whether Native Amcricans, Hispanics, or Asians have
a higher risk is debated. > 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.! During this wind-bome outbreak of coccidioidomyco-
§is in the nonendemic disease region of Sacramento County, California, the rate
per 100,000 of disseminaled coccidioidomycosis among African American
men compared with Cancasian men was 23.8 versus 2.5 (ratio 9.1:1). This
difference could not be explained by differential expesurc.!” Mote recently,
in the endemic area of Kern County, California, African Amencan mcn 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 suggcsts that genetic factors influence the development
of disseminated coccidioidomycosis.!

Although httle is known about the role of T cells in ehminating Coccid-
loides spp., activated T cells elicit a delayed-type hypersensitivity (DTH} in-
flammatory response, indicating a Thl-type response. While DTH reactivity is
regulated by class II HLA interactions with T c¢clls, the host immune responsc
to intracellular pathogens is primarily regulated by class I HLA molecules.
Deresinski ef ¢f. found a significant association ol blood group B and dis-
scminated coccidioidomycosis. HLA-A9 and blood group B are both more
comnion in persons of black and Filipino ancestry.**

Louie et al® examined host genetic influences on coccidioidomycosis
severity among class IT HLA loci and the ABO blood group. Participants
included African American, Caucasian, and Hispanic persons with mild or
severe disseminated coceidioidomycosis. Among Hispanics, predisposition to
symptomatic disease and severc disseminated discasc 1s associated with blood
types A and B, respectively. The HLA class II DRB1x1301 allele marks a
predisposition to severe disseminated disease in each of the three groups. Re-
duced risk for severe disease is associated with DRBI1 % 0301-DQBI1 x 0201
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among Caucasians and Hispanics and with DRB 1 1501-DQRB1 % 0602 among
African Americans. These data support the hypothesis that host genes, in pat-
ticular HLA class 1T and the ABO blood group, influence susceptibility to
severe coccidioirdomycosis.

Immunosuppression

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

Dissemination among patients with cancer appears to be related to the im-
munosuppressive effect of the chemotherapy rather than radation therapy or
the nature of the disease iiself?

Coccidioidoinycosis is a recognized opportunistic infection among persons
infected with HTV. The first reports of coccidioidomycosis associated with
acquired timmunodeliciency syndromce (AIDS) occurred just a few ycars aficr
the initial reports of AIDS.?

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 coccidioidomycosis within 3.5 ycars of follow-up.’ Two predic-
tive variables for the development of coccidioidomycosis were a peripheral
blood CD4 lymphocyte count of <250 cells/wL and a diagnosis of AIDS 27

Although nearly 50% of the cases of coceidioidomycosis 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.”® Therefore, the diagnosis of coccidioidomycosis should be
considered in any tmununosuppressed HIV-infected patient presenting with a
compatible clinical syndrome. 2

Early in the HIV epidemic, most cases presented as overwhelming diffuse
pulmonary disease with a high mortality rate.?® The incidence of severe symp-
tomatie 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.”®

Pregnancy

Pregnant women have long been considered to be at increased risk of de-
veloping severe or disseminated coccidioidomycosis, presumnably 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.®
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A tecent review of the literature identified B1 cases of coccidioidomycosis
in pregnancy. Disseminated disease was strongly associated with the trimester
of pregnancy: 50% of the cases diagnosed 1n 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.*®

However, another viewpoint suggests that higher dissemunation 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 of increased 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.®!

Age

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

Sofid-Organ Transplantation

Coccidiocidomycosis is the most common endemic mycosis to cause disease
in solid-organ transplant patients in North America.’? 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-hall 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 symp-
toms.* Coccidioidomycosis has been reported in patients who receive organs
from donors infected with the fungus.>

Hemodyalisis for Chronic Renal Failure

Dialysis patients are at increascd risk for fungal infections compated to
the general population, which substantially decreases patient survival. In a
study by Abbott ef af. 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 {4.195).3
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RECENT TRENDS OF COCCIDIOIDOMYCOSIS
IN THE UNITED STATES

An estimated 150,000 new infections occur annually in arcas of the
southwestern United States. However, since coccidioidomycosis is not a na-
tionally reportable disease (reportable only in Arizona and California), the
gxact 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 migralion of Americans
to the Sunbelt states and, in particular, 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 sparscly populated and now contain major
population ¢enfers, filled primarily with persons who have moved from areas
where C. immitis was not endemic.® For example, Maricopa County (Phoenix)
in 1950 had a population of 0.1 million;*® in 2005 the estimated population
had reached 3.6 million;*® for Pima county {(Tucson) population in 1950 was
0.1 million;* in 2005 it was estimated at 924,000.% Similar population ex-
pansion has also occurred in central California and west Texas.”® As these
populations have expanded in endemic areas, a growing segment of persons
unusually susceptible to the most serions consequences of infection has also
emerged.

In 1997 laboratory reporting of coccidioidomycosis became mandatory
in Arizona. This was followed by a marked increase in the number of re-
ported cascs. To date the highest number of cases reported in Arizona was in
2004, when a total of 3,665 cases of coccidigidomycosis was reported (62.7
cases per 100,000 population), which represents a 281% increase since 1997
(958 cases). *’ 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; FiG. 2). ¥

Cases have recently been discovered outside areas previously identified as
endemic, suggesting the endemic region may be wider than originally de-
scribed.” In 2001 an outbreak of acute respiratary disease occurred among
persons working at a Native American archeological site at Dinosaur National
Monument in northeastern Utah. Ten workers met the clinical casc definition;
9 had serologic confirmation of coccidioidomycosis, and 8 were hospitalized.
All 10 were present during sifting of dirt through screens. This outhreak docu-
ments a new ehdemic focus of coccidioidotrycosis, which extends northward
its known geographic distribution in Utah by approximately 200 miles.*®

COCCIDIOIDOMYCOSIS OUTSIDE THE ENDEMIC AREAS

Coccidioidomycosis is a disease of both national and worldwide importance
that is often diagnosed in nonendemic regions, typically related to travel.* It
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FIGURE 2. Reported cases of coccidioidomycosis, Arizona, 1994-20035. (Source: Ari-
zona Department of Health Services, Infecticus Disease Epidemiclogy Section.)

15 usually diagnosed when individuals whe live in a nonendemic region returm
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 illnass ina 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 confirmed cases of coccidioidomycosis (at-
tack rate, 17%) among this group.'®

Chaturvedi ef al.>® reported that during a S-year period (1992-19973, 161
persomns 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 Arzona.
Furthermore, while information 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 1n countries far
away from the endemic areas. A 60-year-old Israeli resident traveled to
Arizona, developed influenza-like infection, and returned to Istael with an
airgpace-occupying lesion in the lung. 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.®

Diagnosis i3 often delayed because the infection {s not considered initially.®
Travelers visiting regions where Coccidivides spp. is endemic should be made
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awgre of the risk of acquining coccidioidomycosis, and health care providers
should be familiar with the presenting signs and symptoms of this disease.

COCCIDIOIDOMYCOSIS IN LATIN AMERICA

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

Mexico

Skin test surveys carried out in Mexico indicate that Coceidioides spp. infec-
tions are as prevalent there as in the endemic areas of the United States *! The
studics by Gonzalez-Ochoa (Enciesta Nacional 1961-1965) on skin testing
with coccidioidin defined the epidemiologic distmbution of coccidioidomy-
cosis infection 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, Ialisco, Michoacan, Nayarit, Nuevo Leon, San Luis Potosi, Sinaloa,
Tamaulipas, and Zacatecas.** More recently, coccidioidin skin test regional
surveys for prevalence of infection have shown rates of 10% (Tijuana, Baja
California, 1991*%), 40% (Torreén, Coahuila, 1999*), and 93% (12 commu-
nitics in the state of Coahuila, 2005%).

As mentioned, coccidioidomycosis is caused by two nearly identical species.
To determine the prevalent species in northern Mexico, Bialek ef af.,% through
conventional nestcd 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. pasadasii}, as expected
from the previous geographical studies hy Fisher ef af ¥

In Mexico most clinical case teports originate in the northern region of the
country. Since coccidioidomycosis 1s not a reportable discase, its frue incidence
is unknown.®

Tuberculosis and coccidioidomycosis share epidemiological, clinical, radio-
graphic, andeven histopathalogical features. Since tuberculosis is also endemic
in Mexico, coccidioidomycosis and tuberculosis can coexist, making the cor-
rect diagnosis of both entities extremely difficult in such cases.*?

Cenfral 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.*! The first human case of coccidioidomycosis in Nicaragua was re-
ported in 1979%; there are no published reports of prevalence of infection in
that country.

Sourh America
Argentina

Historically, Arpentina is of the greatest interest because the first known
case was reported by Posadas from that country in 1892.2 Coccidioidomycosis
is one of the three cndemic systemic mycoses in Argentina (histoplasmosis
and paracoccidieidomycosis being the other two}. The endemic area includes
the semidesert regions from Puna to Patagonia, 5!

Few coccidioidin skin test surveys have been carried out in Argentina, and
thus the maguitude of infections in the endemic areas is unknown. In Santiago
dcl Estero, a skin test survey by Negroni ef af. revealed a prevalence of 19%
positive reactions among 2,213 ehildren aged 6 to 16 years.*! In a more recent
skin test survey in the Catamarca province, another skin test survey conducted
by Negroni e/ @/, 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, Bonardello ef af. reported a prevalence of
14.8%.%

Brazil

The first autochthonous cases of coecidioidomycosis in Brazil were reported
in 1978 and 1979, the first case being from the State of Bahia* and the second
one from Piaui, About 15 years later, the first micro-outbreak of this mycosis
in Brazil was also reported in the State of Piaui** 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
described. ¥ The fungus has already been isolated from tissues of this animal,
from dogs, and from soil samples collected in armadillo burrows.*® Currently,
this systemic mycosis is considered endemic in the Northeast Brazilian States
of Bahia, Ceara, Piaui, and Maranhio.*’

Other Counries in Sowth America

Little is known about areas of coccidioidomycosis in Paraguay and Bolivia.
The probable endemic areas are in the Gran Chaco region, which both countnies
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share with Argentina.*! In Paraguay, Gomez® reported that coccidioidomyco-
sis was endemic in the departments of Boqueron and Olimpo. He found that
44% of a group of Guazurangue Indians living in the department of Bogueron
had positive reactions to coccidioidin.

There have been case reporis of coccidioidomycasis from Calombia -
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 caccidioidomycoesis on the basis of case reports and skin
test surveys, 160

COCCIDIOIDOMYCOSIS IN NONHUMAN HOSTS

The organism has becn described in a wide spectrum of mammalian hosts
and a few captive rcpti]es,ﬁ' but no report of coccidioidomycosis in an avian
species exists to date. Animals of virtually any age may be susceptible. It 13 not
understood why some animals have no clinical signs of coccidioidal infection,
whercas others develop disease that progresses even in the face of antifungal
treatment,

Coccidioidomycosis has becn reportted in armadillos,’® cattlc, shcep, dogs,ﬁ
swine, horses,* burros, rodents, chinchillas,® coyotes,® cats,%” and moun-
iain lions (Felis concolor).®* In addition, the disease has been reported in
the following captive free-living wild animals: llamas (Lama spp.).*” Bengal
tigers (Leo tigris) maintained in a Davis, California, cornpound,?') in a giant
red kanparoo (Macropus rufus) shipped from Australia to the El Paso Zoo,
Texas,’! a tapir (Tapirtis terresiris),” a mountain gorilla (Gorilla beringeri)
cxhibited at the San Diego Zoo, California,” a sooty mangabey (Cercocebus
atys) transported to Davis, California, from Sierra Leone,™ and a gelada ba-
boon ( Theropithecus gelada) imported to Canada from Southern California,’
Even marine species can acquire the infection and develop disease, including

the Pacific bottlenose dolphin,’® the California sea lion,”” ™ and the southern
sea oter,’®

CONCLUSIONS

Because of its apparent repional confinement, coccidioidomyeosis is not
perceived o have a substantial impact outside the arcas classically consid-
eted as endemic. This view should be reconsidered, however. An estumated
150,000 new infections of coccidioidomycosis occur annually in areas of the
southwestcrn 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 ol Americans to the Sunbclt states; cases have recently
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been discovered outside the tradhbional areas, suggesting the endemic area may
be wider than originally described.

Coccidioidomycosis is often diagnesed in nonendemic regions; diagnosis
in that casc 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 coceidioidomycosis, and health care providers
should be familiar with the presenting signs and symptoms of this disease.
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of anthropogenic noise modify animal ecolagy: for example,
the species richness of noctunal primales, small ungulates
and carnivoras is significantly reduced within ~ 30 m of
roads in Africa : anuran species richneas in Ottaws
Canada is negatively correlated with traffic density
aircroft overflights disturb behavior and alter time hudgets
in harlequin ducke (Histrionicus hisirionirus; I and
mountain goats (Oreamnos americanus; l; ENOwWmo-
biles and off-road vehicles changes ungulate vigilance beha-
vior and space use, although no evidence yet links these
responses to population consequences [50,51]; songbirds
show grealer nest desertion and abandonment, but
reduced predation, within 100 m of off-road vehicle trails
[52]; and both greater sage-grouse (Centrocercus wrophi-
sianue, [53]) and mule deer ((dacaitens hemionus; [S4]) are
significantly more likely Lo select habitat away from noise-
producing ail and gas developments. Thus, based on these
studies alone, it seems clear that activities asseeiated with
high levels of anthropegenic naige ¢an re-structure animal
communities, but, because none of theae studies, nor the
disturbance literature in general, isolates noise from other
possible forces, the independent centribution af anthropo-
penic noise Lo Lhese effecls is ambiguous.

Other evidence also implicates quiet, human-powered
activities, such ms hiking and shiing, in habitat degra-
dation, For example, s prired comparison of 28 land pre-
serves in northern California that varied substantially in
Lthe number of acn-motorized recreationists showed a five-
fold decline in the density of native carnivores in heavily
used zites {6 Further evidence from Lhe Alps indicates
that cutdoor winter sports reduce alpine black grouse,
Tetrao fefriz populations [17] and data from the UK link
primarily quiet, non-motorized recreation to reduced woo-
dlark, Luthila arhorea populations [18]. A recent meta-
analysis of ungulate flight responses to human disturbance
showed that humans ou foat praduced stronger behavioral
reactions than did motorized disturbanece [45]. These stu-
dies strengthen a detailed [undational literature
suggesting that anthropegenic disturbance events are per-
ceived by animals as predation risk, regardless of the
ossociated noise levels. Disturbance evolees anti-predator
behaviors, interferes with other activities that enhance
fitnean and, aa the studies above illustrate, ean lead to
population decline [44]. Although increased levels of noize
agsociated with the same disturbance type sppear ta
accentuate some animol responses (eg. Refs D, it
i= difficult te disliuguish reactions that reflect increamngly
compromised sensory awareness from reactions that treat
greater noise intensity as au indicator of greater rigk.

To understand the Finctional importance of intact
acoustienl environments for animals, experimental and
stalislical designs must control for the influence of other
stimuli. Numerous 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%) waod-
land bird species shawed red uced numbers near roads [57].
This research, similar to most road ecology work, could not
isolale noise from other possible factors associated with
transportation  corridors (e.g. toad mortality, visual
disturbance, 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 effecta [68]. Later work, with a smaller sample
size, confirmed these results and contributed a significant
finding: birds with higher frequency calls were leas likalv in
avoid roadways than birds with lower frequency call:

Coupled with the mounting evidence that several animala
shift their call frequencies in anthropogenic noise T,
these data are suggestive of a masking mechanism.

A good frkt step towards disentangling disturbance
from noise effects is exemplified by small mammal trans-
location work performed across roadways that vared
greatly in traffic amount. The densities of white-foated
mice, Peromyscus leucopns and eastern chipmunks Tamies
strizius were not lower near roads and both species were
eignificantly leas likely to eross a road than cover the same
distance away rom roads, but traffic volume {and ncise
Jevel) had no infiuence on this finding ). Thos, for these
species, the influence of the road surface itself appears to
autweigh Lhe independent contributions nf direct mortality
and noize.

Racent findings on the effects of anthrapogenic noise
Twa rescarch groups have used oil and gas fields as
‘nalural experiments’ to solate the effecta of neise from
other confaunding variables. Researchers in Canada’s bor-
eal forest studied songbirds near noisy compressor stationa
[76- dB(A) at the source, 24 hrs a day, 365 days a year]
and nearly identical {(and much quieter} well pads. Both of
these installatiens were situated in two ta four ha clearings
with dirt access roads that were rarely used. This design
allowed for control of edpge effects and ather confounding
factors that hinder interpretation of road impact studies.
The findings from this system include reduced pairing
succezs and significantly more first time breeders near
loud compressor stations in ovenhirda (Seiurus ovrooe-
pilla: [61]), and a one-third reduction in overall passerine
bird density . Low territory quality in loud sites might
explain the age structuring of this ovenbird populatinn
and, if so, implicales hackground sound level as an import-
ant habitat characteristic. In eddition to the held data
above, weakened avian pair preference in high levels of
noise has heen shown experimentally in Lthe lah [83]. These
data suggest masking af communication calls as a possible
underlying mechanism; however Lhe reduced ellecliveness
of territorial defense songs, reduesd auditory awareneas of
approaching predators (see Box 3 for a discussien af the
foragingfvigilance tradeofl'in noise), ar reduced capacity to
detect acoustic cues in foraging, cannot be excluded as
explanatiens af the resulta.

A second research group, working within natural gas
fields in north-weat New Mexico, US, used pinyon, Pinus
edilis-juniper, Juniperus ogleosperma woodlands adja-
cent to compressor statious as treatment sites and wand-
lands adjacent to gas wells lacking noise-producing
compressors as gquiet control aites [64]. The researchers
were onble to turn off the loud compressor stations ta
perform hird counts, relieving the need te adjust for
detection dillerences in woise [62]. This group found
reduced nesting species richness but in contrast tn Hef.
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The Effects of Naise on Wildlife

Research prepared by Meghan C. Sadlowski, Enviranmental Scigntist,
Division of Migratory Bird Management, US Fish & wildlife Service

MNoise 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
an 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 clearly indicate the need to better address
noise-wildlife issues. As such, noise impacts to wildlife shauld 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 guieter —to turhines placed on ridge lines above rolling terrain where significant
topographic sound shadowing can occur having the potential to significantly elevate
sound |evels abave ambient conditions; and 4) correction and accounting of a 15 decibel
(dB) underastimate from daytime wind turbine noise readings used to astimate
nighttime turbine noise levels (e.g. van den Berg 2004, 1. Barber Colarado 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 & from the
blades, 45-50 dBA were detected; at 2,000 ft, 40 dBA; and at 1 mi, 30-35 dBA (Kaliski
2009}, Declines in densities of woodland and grassland bird species have been shawn 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.
Songhirds specifically appear to be sensitive ta very low sound levels equivalent to thase
in a library reading room {~30 d8A)" (Foreman and Alexander 1998). Given this
knowledge, it is possible that effects to sensitive species may be occurring at 2 1 mile
from the center of a wind facility at periods of peak sound production.

Noise does not have to be loud tc 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). Infrasound is inaudible to the human ear but this unheard sound can
cause human annayance, sensitivity, disturbance, and disorientation {Renewable Energy
World 2010). For birds, bats, and ether wildlife, the effects may be more profound.
Moise 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 fully 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}, itis 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 2 bird to detect it. As noted abave, turhine 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 d8 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, 2 bird may lose its ability to detect the hlade and risk
colliding with the moving hlade. A bird approaching a moving blade under high wind
conditions may he unable to see the blade due to motion smear, and may not hear the
blade until it is very close — 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 physiclogical
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 physiclogical
recardings 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, bird 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 dB). While clearly
there is variation between species and there is no single noise level where ane- size-fits-
all, this masking effect of turbine blades 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 accur 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 witdlife,
the results of a physical model analyzing the impacts of transportation noise on the
listening area’ of animals resulted in some significant findings. With a noise increase of

* The listening area is the active space of vocalization in which animals search for sounds {Barber 2t al. 2010).



just 3 dB — a noise level indentified as “just perceptible to humans” - this increase
carrespanded 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 distancess for wildlife, respectively (Barber et al. 2010). Impacts of noise could
thus be putting species at risk by impairing signaling and listening capakilities necessary
for successful communication and survival.

Swaddle and Page (2007} tested the effects of enviranmental noise on pair
preference selection of Zebra Finches. They noted a significant decrease in females’
preference far their pair-bonded males under high environmental noise conditions.
Bayne et al. {2008) found that areas near naiseless 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 naise 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. Francls et al. (2009) showed that noise
alane reduced nesting species richness and led to a different composition of avian
communities. While they found that noise disturbance ranged from pasitive 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 hats 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 naisy areas. The inaudible frequencies of
sound may also have negative impacts to wildlife. Given the mounting evidence
regarding the negative impacts of naise — 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 develapment. Noise impacts ta 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.

*The alerling dislance is the maximum distance a1 which a signal can be heard by an animal and is paricularly
important for detecting threats [Barbar &t al. 2010},
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SWAINSON’S HAWK NESTING POPULATION
IN THE ANTELOPE VALLEY OF THE WESTERN
MOJAVE DESERT, CALIFORNIA
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Research Inc.,13611 Hewes Avenue, Sanla Ana, California 92705; petebloom@®
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ABSTRACT: The Swainsons 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 the Antclope 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 twao to four breeding pairs annwally; 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 brevifofia), and 4.8%
unidentified deciduous trees. Between 1997 and 2022, in 50 nests, we recorded 170
vertebrate prey items, of which 20 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 eserves that include both native desertand
cultivated alfalfa close to existing conserved land.

Swainsons Hawk {Buico 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
Swainsons 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
Tedos 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 1% de-
clineinits brcedinﬁ population with nearly complete extirpation of breeding
pairs below the 36" parallel, essentially all southern California (Bloom 1980).

Prior to the 1979 survey, the last known attempts of Swainsons Hawk to
nestin 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:/fcellections.wivz.org/; EN 173347, EN 173348,
EN-173349), 1939, when James B. Dixon took a set of eggs near Adelanto, San
Bernardina County (WFVZ EN-29168), and 1946, when Sidney B. Peyton
collected a set of eggs near Adelanto (WFVZ EN-82220; Bloom 1980).

32 Western Birds 54:32 43, 2023; doi 10.2119%/WR54.1.3
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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 1 April 1931 near Neenach, Lancaster, or Palmdale {MCZ,
Museurn of Comparative Zoology, Harvard University, http://digirmcz.
harvard.edufipt/tesource?r=mczbase; WFVZ, https:/{collections.wivz.org/;
MVZ, Museum of Vertebrate Zoology, https://arctos.database. museum/
SpecimenSearch.ctm?guid_prefix=MVZ%3ABird). Of the two nests from
which eggs were collected near Paimdale, one was in a “yucca palm,” pre-
sumably a Joshua tree {Yucca brevifolia). More evidence of nesting in the
Mojave Desert just to the east in San Bernardino County includes five 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 Swainsons 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 1). 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 near Cima was inactive whenever visiled over multiple years
from 1981 to 2022. Although there were museum specimens and observa-
tions from the Antelope Valley aver 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 Swainsons 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, Kern 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-
servedin 2019, 2020, 2021, and 2022; R.S. Winkleman pers. comm,; Figure 1).

Here we detail 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 1).

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, ptior 1o the advent of agriculture, the Antelope Valley was dominated
by Joshua tree woodland, creosote bush {Larrea iridentata), burrow-weed
{Ambrosia dumosa), rabbitbrush (Ericameria spp.), and saltbrush (Afriplex
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to 1988 the number of hectares of alfalfa in the Antelope Valley fell from ap-
proximately 25,000 to 4000 (Ternplin 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 Swainsons 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 daysin May 1979 were dedicated to the Antelope Valley floor from
300th Street West east to 170th Street Bast, 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 intc the lab for identification; all were left at the nest. Trees
were climbed anly once to reduce disturbance and potential predation by
the bobcat (Lynx rufus; Bloom 1974}, We recorded each nest’s location (Fig-
ure 1), date, number of young, success, supporting tree, and, if the nest was
entered, prey species and clutch size. We considered a nest successful if atleast
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 bandsand beginning in 2011 were also banded with alphanurmeric
color bands. Addled eggs were deposited at the WEVZ.

RESULTS
Current Population Status

After 1980, the population of Swainsons 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 blacks 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. Qur highest count of active territories was 14 in 2021, of which three
successfully fledged voung, two failed with chicks in the nest, and nine failed
prior to confirmation of hatching. In five othet years from 2015 to 2022 we
located 9 to 11 active nests (Table 1}.

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 chicks (SE  0.08; Table 1}. 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 m
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 1991
and 2022, 198 young were banded, of which 124 received auxiliary bands
with an alphanumeric code.

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

Percent
Year Nesis®  Chicks banded  successful®  Mean clutch size*  Mean brood size
1979 l 0 0
1997 2 6 100 3 3
1998 3 6 100 333 133
2004 2 3 100 15 1.5
2005 4 11 100 275 2.75
2006 4 v 100 3.25 275
2009 & 16 140 3 283
2010 3 13 100 3.2 2.6
2011 B 20 75 3.29 3
2012 i} 7 50 1.75 1.75
2013 & 3 50 2 16
014 5 & 50 23 2
2015 10 11 40 289 178
M6 5 a 44 2 1.83
2017 9 17 0 2.5 225
2018 11 16 50 2.25 2.25
2019 3 1 333 2 2
20240 9 20 239 167 23]
2021 14 5 24 14 1.4
2022 1{} 3 50 1.80 144
Mean 193 .4 249 2.37
SE 0.08 (.08

"Wumber of active nests observed.,
*Nests which had young =5.5 weeks old at the time of the Last observation.
*Nat all nests which faled prior to young being observed were examined for the presence of eggs.
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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 of Swainson's Hawk in 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 (Bufeo 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 of Swainson’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 (hitps://map.dig.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 Maojave Desert outside of the Antelope Valley. As a nesting
species, Swainson’s Hawk may always have been less abundant in the Mojave
Desert {Grinnel and Miller 1944) than west of the Tehachapi Mountains
and Sierra Nevada. Given the extensive distribution of the Joshua tree {Munz
1974), nesting is plavsible anywhere the tree is found in California. Dawson

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

Commeon name Sciendific name Quiantity Percent
Botta's pocket gopher Thomomys boltae 90 519
Califarnia vole Microtus californicus 14 8.2
California ground squirrel  Otospermaophilus beecheyi 12 7.1
Merriam’s kangaroo rat Dipodemys merrinmi 9 53
Desert cottontail Syivilagus audubonii § 47
Unidentified snake 7 4.1
Black- tailed jackrabbit Lepus californicus 5 19
Unidentified frog or toad 5 29
Horned Lark Eremophila wlpestris 4 24
Unidentified redent 3 18
Enrasian Collared Dove Streptopelt decaocto 2 1.2
Western whiptail Aspidoscelis tigris 2 1.2
Unidentified passerine 2 12
Western Meadowlark Sturnella neglecta i 06
Brewer’s Blackbird Euphagus cyanocephalus 1 0.6
Barn Owl Tyto alba 1 0.6
Domestic poultry Gallus spp. 1 0.6
Desert horned lizard Phrynosoma platyriinos l 0.6
Western toad Anazyrus bargas i 0.6
Unidentified lizard ] 0.6
Tatal 170 100
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(1923) referred to Swainsons 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 Hawlks 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 Valleylikely fledged from nestsin
the Antelope Valley. However, occasional long-distance dispersers are known
and could have originated from the core population in the Central Valley or
a state ather 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 of Swainson’s Hlawks 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 eggs; 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 clutch size of 2.49 and mean brood size of 2.37 are consistent
with the results of other studies. Varicus 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 1578), 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 successtully
fledge. Thus our findings support the conclusion of Risebrough et al. (1989}
that in California organochlorine pesticides were not a significant factor in
the decline in the states breeding population.

Five inostly drought tolerant species of exotic trees currently provide the
majority of nest sites for Swainson’s Hawks in the Mojave Desert (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% (#  116) of the prey observed
in Swainsons 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 (2 = 1) and western whiptail
{n = 2) are found almast exclusively in pristine native desert habitats, and
our finding their remains in Swainson’s Hawk nests sugpest that despite the
species predilection for foraging in alfalfa fields when nesting in agricultural
areas {Bloom 1930, Woodbridge 1991), adults also hunt in native habitats.

Conservation and Future Studies

While the population has grown in recent yeats, it is under increasing
pressure from the conversion of nesting and foraging habitat to salar-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 close to nesting territories and
existing reserves as possible.

The Antelope Valley’s papulation of Swainsons Hawk has been under-
siudied 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 been reestablished by 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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Table 1. Staps for devaloping a stratapic, imtagrative, and adaptive invaziva plant management plan.

Sitep Description |
Identify management The management purpoese identifies the reasons why a Plan is
purpose and spatial acope needed, ita intended andience{s), and how it will be used. The
spatial prope identifies the peographic area where management
activities prescribed by the Plan will occur and sets the stage far
what types of information should be gathered to inform the Plan,
Tdentify project team and The project team is the larger gronp of people involved in your
establish communirations invasive plant management program, including land managers,
stakeholders, researchers, governing buards, znd other key
players. The project team often includes a smaller care team whn
coordinates the planning effort and iz nltimately reaponsible for
developing and implementing Lhe Plan. 1dentify the means for
communicatinn during the planning process, hoth within and
outside your organization.
Gather gite-specifie (ather hasic infarmation (plans, reports, daia) for your siles, including
informalion coganizational vision, conservation priorities, mansgement goals and
objectives, invasive plant isaves, and management history.
[dentify gaps in information that need ta be filled.
Review regulatory Gather and review organizational policies and legisiation that
compliance apply Lo invasive plant management planning or actions within
¥our scope,
ldentify management Select and doenment plant species thal will he the foeus of Lthe Flan,
priotities: species and aveas | A Plan may focus on a single species or address multiple species, If
wultiple species are being congidered, priovitize which apecies are
most critical to address. Define management areas within the Plan
scope and prioritize where to focus management efforts.
Evaluate the stalus of Asggess invasive plant abundance, dislribution, patiern of zpread,
prisrity invasive plants in und spatial relationships with abiotie and biotic features in the
priority areas envirehment, |
Develop SMART (specific, Develop statements that detail what sueeess would look like as 2
measurable, achievable, result of your invasive plant management progenm,
regulta-ciended, time-bound) 1
management ohjectives

Develop aptimal set of
management strategies

Develap & suite af strategies to meet your SMART invasive plant
management ohjectivea uging the best available informalion. I

Fdentify measures to avold
non-target elfects

Use the hest available information ko develop measures o

prevent, avaid, or mitigate any potenlial negative effects on
humans, natural or cultural resources, or infrastructare as u |
result of invasive plant management activities,

Work Flanming

Deseribe who, what, where, und when invasive plant management
activities will pecur; this step guides on-the-ground implementation. |

Develop inventory,
monitoring, and evaluation
methods

Identify methods to track implementation of management
activities, monitor plant community status and trends, and assess
and report on propress in sttaining invasive plant management. l
ohjectives (or thresholds for management actiun).

Develop data and infermation
management methods

Develop data standards and structures for cnsaring the data are

easily accessed, understood, and utilized to their fullest potential. I

Write your Plan

Enmmanze your planning pracess and resulis of your analysis.

Adapt your Plan (as needed)

After implementation, monitoring, and evaluation, revise your
Plan at a regular interval to incorporate new information and
othar changes in approach.

Guide location
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|
1.3 Invasive Plant Management; An Qverview

There are many reasons to manage invasive plants in natural a1eas. Most often cited ave the threat
invasive plants pose to native biodiveraity and the alterations to natural processes, Many studies have
demonstrated how invasive plants can alter ecosystem prucesses, stiucture, and composition, as well as
the genetic makteup of native species populations theough hybridization (Bossard et al. 2000; DiTomaso et
al. 2013; Foxeroft et al, 2017; Hobbs and Humphries 1995; Lackwoad et al. 2013). Invagive plants can also
negatively impact infrastructure ot other parts of the built environment (such as damaging irrigation
systems) or pose harm to humans {such as increasing wildfire intensity or frequency). Finally, invesive
plant encroachment may alier aesthetics or interfere with a recreational or cultural value of a place or
property.

An important aspect of developing an invasive plant management plan is ta make clear connections
between the rationale(s) for managing invasive plants and your erganization’s mission, resources of
conservation concert, and management goals. Such connections help land managers foeus management.
efforts (set priorties), help stakeholders and athers undsrstand the motivation and need for
management, and can ultimately increase management support. Alter addressing why your organizatian
must manage invasive plants, the hulk of the planning process is focused on how your organization will
manage those plants. The foundational principles for how to manage invasive plants is based on TPM,
which is a decisinn-making pruress that integrates management goals, consensus buildivg, pest bivlogy,
monitoring, environmental factors, and best-available technolopies to achieve desired outcomes while
minimizing unwanled effects.

Why Develop a Plan?

Speeessful invasive plant management is a lat more complicated than simply killing weeds—it requires a
strategic and adaptive approach that is webl-documented (figure 1). Az Ben Franklin said, “if you {&il to
plan you are planning to fail.” The planning process itself provides the oppertunity for focused analysis,
priuritization, and being elear about what you hopse to achieve — your objectives. A well-crafled Plan
provides guidanee for a cunsistent management approach over time with parameters for adapting actions
us environmental conditions or ayailable resources change. It documents where you are now, where you
would like to be, and how best tv gel there,

Almost all land managers can point to shortages of funding and resources as barriers to successful
invasive plant management. A well-crafted Plun can help address thege problems by identifying and
documenting priorities for action in the face of limited and variable resources. A Plan can also help
address other common barriers tu suecessful invasive plant management, such as:

8 Lack of understanding about the impact of invasive plants. The degree to which invasive
plants harm priority eonservation targets and impede the attainment of site goals may not be well-
understood. This lack of understanding—especially among leadership within an organization or by
important stakehalders—can lead to a lack of support and resources. The planning process itself
provides a platform for building collective understanding, support, and consensus amaong
management stafl, leadership, partners, landowners, and local eommunities. Without consensuas
and support, a Plan sitnply becomes irrelevant.

m Lack of prevention and aarly detection and rapid reaponse (EDRR). Despite the higher
economie and ecolopical returns per unit effort they provide, prevention and EDRR are often
overshadowed by already abundant and widespread invasive plant issues. Althongh there may
exist a need to manage existing invasive plant infestations, placing little or no emphasis on
preventing new invasions or further spreading can leud to economic and ecolegical harm {(Cusack
et al, 2009). The challenpe is to balanee mauaging well-established invasive plant infestations,
preventing new infestations, and responding to new infestations hefore they become widespread.
Plaus should highlight the heed for preveution and EDRR and detail exactly how these activities
will actually be carried out.
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While the concept and policies snirounding IPM have evolved over time und vary across
organizations and agencies, contemporary deseriptions have common elements (for example, USFWS
2004; DiSalvo and Parson 2011; Flint and Gouveia 2014; UC-1PM 2018) such as:

Know your resource (site description: ecosystems and landcover, infrastructure, conservation
goals, ete.).

Know your pest; identify priovity pest species and understand their ecology and harm {er potential
harm).

Assess the status of pest populations.

Prevent pest problems,

Use a combination of techniques to control pest populations.

Dlevelop guidelines or thresholds for munagement action.

Dieseribe your expected management outcomes or results (objectives),

Build eensensus and regularly communicate with those who may be affected by your pest
management program or who can contribule expertise,

Monilor management outcomes, learn, and adapt management.

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

This chapter is focused on laying the foundation of your Plan—its
spatial scope, who should be involved in its development,
understanding which invasive plant species pecur (or could oceur
in the future}, conservation focus, invasive plant management
history, and regulatory considerations.

2.1 Identify Plan Purpose and Spatial
Scope

An essentinl first step in the planning process is to identify the
Plan’s purpose and its spatial scope. The Plan should present a
compelling case for why invasive plant management is needed and
how it ia impeding your ability to achieve your organization’s
mission and conservation goals, The spatial seope identifies the
broad geographic area where invasive plant management
activities will oceur and sets the slage for what types of
information should be gathered to inform the plan (section 2.3),

what laws or policies will govern invaaive plant management Furple 10nsestrie
activities (seetion 24), and who should be invelved in strategic Lythvum sulicaria
analysis for the Plan and the types of communication needed CREDIT: 2009 Bamy Rice

(section 2.2). The Plan may focus on a single, peographically

distinct site such as a park, refuge, watershed, or forest, or a

collection of sites within a large landscape. The seope could alao be more thematie in nature, such as a
particular ecosystem within a landscape.

2.2 |ldentify Project Team and Establish Communication

The project Leam is the group of people who are involved in developing & Plan. The project team can be a
gmall group of peaple who do most of the wark (eore 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 veated interest in conservation activities or outeomes at your site. It'a worth carafully congidering
your project tean’s composition and, if needed, pushing your organization to reecognize the importance of
this step. The ultimate utility of & Plan c&n depend heavily on who is involved in its development. Project
team members will likely include representatives from the implementing organization but may incade
others outside the organization. Being outside the organization 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 who will be closely involved with moving the proceas forward—
should form at the start of Plan development and then promptly identify everyone who should be
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2.4 Review Regulatory Compliance

Compliance with regulations (acts, laws, policies, regulations, permits, certifications, ete.) is always a
component of developing and implementing invasive plant management programs and may ultimately
influence the types, location, and timing of invasive plant management activitics at your site. While
regulatory compliance is an important component of planning, it is not a focus of this Guide, as
requirements can vary pesgraphically (such as by state) and scross private and publie organizations.

We recammend consulting within your organization to gain a clear understanding of the policics,
laws, permits, required training, and other regulatory compliance applicable to invasive plant
management activities within the Plan’s scope. If your organization has limited knowledge or experience
with regulatory enmpliance issues, reach out to similar organizations in your area who may have more
expertise. In the case of federal or state agencies or for Plans that encompass public lands, be sure to
raview your agency's regulatory framework. It is always useful to reach out to invasive species experts,
within nr outside your organization, to betler understand the regulatory framework that will influence
invasive plant management planning and implementation.
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conditivns change, and builds in management fexibility as funding aud stafl levels change, Prioritization
does not mean that a species or area identified as “low priority” should never be addressed; even low
priority speries and areas may be addressed 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
important to remember pripritization is intended to inform decision-making rather than to make decisions
directly. Prioritization results should be discussed among your preject management team to make final
decisions.

While most. teams [ind both species and area priorilizations useful, there may be cases where there
are few (such as fewer than [ive) invasive planta of coneern within or adjacent to the Plan’s spatial seope,
negating the need for species prioritization, Here, the decision process may shilt to where invasive plant
management should be focused, especially when the scope encompasses thousunds ur millivns of acres.

The following sections describe the general process and tools for prieritization. Also, see appendix A
for tools and resources for priaritization and appendix B for links to reports or plans that contain invasive
plant prioritization examples.
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3.1.1 Identify and Prioritize Plant Species

The first step in species priorilization is to compile 2 list of non-native plant species known to oceur within
the Plan spatial scope as well as species with the polential to oceur in the future, [deally, a list of current
and potential species is compiled from available sourees and scientific names are standardized to your
preferred taxonomic standard (such as the International Taxonomic Information System). Once compiled,
the lists ean then be prioritized by the project team using one or more criteria {table 3).

Many larger landscape organizations such as the UL.S, Department of Agrieullure {USDA) and state
invasive plant councils have assessed invasiveness or “noxiousness” of nan-native plant species to
wildlands across large landscapes of the United States (see table 4 for examples), These assessments are
based on rFisk assessment criteria such as the NatureServe frvasive Species Assesament Profocol (Morse
et al. 2004), and they often rely on scientific literature and expert knowledge to proviile a comprahenaive
review of species ecology, biology, distribution, and impacts cn the environment. While these larger
landscape lista can be a nseful tool in identifying management priorities, when nsed alone, they may not
provide enough information to identify lacal seale prioritias. For example, when many of the species on
your list are found on oue of these larger landscape lists, management priorities may be less apparent. In
such cases, it may be usefal to apply additional eriteria (table 3) or use a tool (table b) to help identify site-
apecific priorities. A more structured approach ean help teams eome ta consensus oh which species shonld
be a foeus 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 Naticnal Wildlife Eefuge Complex is
provided in figure 3.

3.1.2 ldentify and Prioritize Management Areas

A st step in prioritizing areas for management is to define the areas of your Flan's spatial scope that
are under management consideration. Over the long term, the intent may be to manage invasive plants
across all areas within the Plan's spatial scope, but when resources are limited, area priorities help inform
where to use those resources. Areas should have clear boundaries defined by one vr 1 combination of
features such ns jurisdictional management boundaries, ecosystem types, vegetation communities,
sensitive species populations/habitat, watersheds/hydrology, soils, or topography. Several eriteria ean be
usged to help decide which areas within the Plan’s spatial scope are a priority for managing invasive
plants, These include the current level of infestation, risk of invasion, and importance to high value
conservation resources; table 8 provides a list of eriteria often used 10 priaritize areas, and table 5
provides a list of prioritization tools, An example of an area prioritization from the National Park Service
Golden Gate Recreation Area is provided in figure 4.
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Tahle 5 Examples of toels for prioritizing invasive plant species and areas for managemsnt, organizad liom {ow to high levals ol technical

Bxparise required.

Tool FPriovifizulion forus Level of ecpertiae roguived | Description

Inwasive Flanl Bpecies and Areas Low The IFIEDPT is a Microsoft Accesa too] that integrales larger Landscipse invavng

Inwventory and plant rankings and Tocal knowledge Lo generate a prioritized hist of species and

Exarly Delaction arens for inventory and sarly detection, and ultimately management. Bpenes

Triorirization Tool criterin include lnrger Tand seape invisivenses roking, impacts (koewn or

(IPIEDFT) prabable), proximity, potential for spreal, and abundance/tiatribution. Avea
erfteria include coalagieal integrity (health), level of infeatation, density of vectar
pathways, Bequaney and intenzily of vector pvents, and disturbance. Souree:
LUSFWS and Utah State Universily (2R} Welr link.
idtpafeatatog.daie. poddniasetfan invasive plunl A venlory asd-euriy difectmn
prioritization- tml

Spreadshest Epecies und Areas Law Prieritizalion of speries or arews cun be dune with an Excel spreadaheel. i ser
defines criteria and seoring fou species or sren rankings

CalWeed Mapper* | Species and Areas Luw Provides slatewide [California} distribut on data 1 via eelf@ora org) for iny asiva
plunts etol generalos a moanagerent oppertunities report far user defined anws
{e.g., o Naticnal Forest, National Wildlife Refuge, ecorsjun, sora cmnlyh Resulus
from. CalWesdMapper should be carbited with lacal knowledge tn set site
specific priorities, Web link: itips:Horhcerdne pper.oal-pe.argd

Wied Heurlstics: | Spedes anil Areas Moderate WHIEPET privritizes spatially yeferenced {mapped) invasive plant populations

Invasive Tor ermlivalion based on potential impact, potentisl spread, feasibilily of control,

Populaticn andl location (outlier status, proximily to vectar pathwaye, and accesaihiliky),

Prigritization {or Bouree: Darin 2008; Skurka Darin et al_ 2011 Web link: Affpsy nhippel poed-

Evadieatjon Tool £ onp/prge siueigeide

(WHIFPET)®

ArcGIS Species and Areas High Spalisl dala such as invasive plant lecatlons wnd environmental featuees (3ueh aa
s, trails, hydrology, saila, LopogTaphy, cLosyst emicormmunitics, and sensitive
veoures lueations) ave overtnid and analyzed tuser defined attributes) to identify
priorily avess andfer specics (if spatial data are available) for management.
Examnpde area priorilization: Mational Park Service’s early deteclion protocot
{Willams gL al. 20090, available at aewse sfps orpdossloed_productdi 2360
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Tool Priovifizutiav facws Fevel af ecpertine regueired | Daseription
KatureSarve Species High Tha protocol i & mulli-crilevin too] for pasessing, categorizging. ard lkting non-
[nvasive Specics notive invasive vaseulsr plants seeording te thelr bupact on native species and
Assessinent natural biodiversity in a large gesgraphical aren such a5 a nation, state, provinee,
FProbocol or eealegienl reggion. The too has typically been used 1o develop larger landscape
invasiva plant rankings bt can be adapted and used at a local seale. Feguires in-
depth knowledge aboul plant eeology and impacts oe an in-depth litersture
search, Wl link:
tp:tecplorer naf i reserse oy glseralelfNeliveSevie? initeSpecies
Alien Plant Specles High The syatem puider wiers through 25 queslions in theee éeeliens relating to
Ranking System

inelividhol sprecies: {1) enerent Jevel of impact, {2} potential of a species wo become
a3 problem, sl (£) Measibility of control. The seetions include questions about the
diztribution and abundance of specied, the mumber of secds they produce, nnd
thair disperzal capabilities. Thers are alao queatlons atont whether a species is
knewn to zedously impact other sltes, The Lael bas typieally keen used ta develop
turger landzcape invasive plant rankings (such as for Alaska) but con be adapted
anc uzed at a loeal seale, Requlres in-deplh kiowledgs about plant ecology and
impucts or an in-depth literature senveh. Souree: Hiebert and Stubberulieck
{1008). Web lnk:

T pitheur orglarticlesicip_winier20duinl_prieritizing_weeds.pdf

“Nete: WHIFPET and CGalWeedMapper are speeific be Californin, bul their slparithns may b ueeful far athers. Both were designed aned bailt with fanding from
the USDA Ferest Serviee, Siate & Private Forestry.
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Table 6. Criteria commonly used ta prioritize areas for invasive plant management.

Crategory Criteria

Imporiance to The importance of the area to natural resources of priority conservation eoncetn

Caonservation {rahservation targets) as it relates Lo the presence ot proximity of a natwral, cultural, or

Targets other imporlant reagurce. Areas imporlant to resources of congervation coneern are ofien
a high prionty for detecting and removing invasive plants. These ave often species, species
alliances/guilds/commminities, or ecasystems but can inclurde other resources of concern,
such as cultural resonrces.

Integrity or The depres to which an area is believed to be healthy, intuct, or unimpaived, with major

“Intactness” of ecological (ot cultural} attributes functioning within the bounds of natural disturhance

Resomres regimes. For example, ecosystem structitre aml processes are inlact and function within

their natural ranges of variation. Areas with relatively high inlegrity often have high
votservation value and sre a priovity for preventing or reducing anthropogenic threats
anch 25 infroduction of invasive plants.

Innate Resistance ta
Invagion

The innate capacity of an ecosystem {or other systemi to resist establishment and spread
of invasive plant species. Environmental factors that can influenee innate resistance
include resident native plant diversity, density of native vegelalive cover, abiotic
conditiona such as nutrient levels, soil or water guality, and natoral disturbance regimes
such us flooding and wildfire.

Rishk of [nvasian:
Invasion Pathways
and Veclora

Invasion pathways and veetors provide the means for invasive plant transport from one
lacalion 1o ancther. Here, pathways are transporiatien pathways such as roads, trails,
levees, waterways, ete. Vectors are the vehicles for Lrabamitting or carvying invasive plant
propagules along pathways, specifically human-based vectors sneh as hikers, cars, boats,
ot machinery. Criteria for assessing risk of spread from pathways and vectors inclule
ageessing the density of veetor pathways (bath terreslrial und aguatic) and Lhe types,
frequency, and intensity of vector eventz  opportumtics for vectors to transmit invasive
plants (such as from high recreation use o lrequent management activity). Arcas where
terrestrial pathways ave widely distributed anil secur at high densities are at preatey risk
for invasion, Areas that experience frequent vector events (such as reereational areas) are
also at risk.

Risk of Invasion:
Anthopogenic
Disturbance

Disturbence facilitates invasive plant invasions and ean be described as a “relatively
discrete event ity time that diarupts ecosystem, community, or pepulation strusclure and
changes resources, substrate availahility, or the physical environment” (Lockwond et al.
2013; White and Pickett 1985}, llere, we are focused on anthropogenic disturbances such
as restorationfenhancement activities, regular maintenance activities, resource extraction,
and toxic spills. Consider the intensity, duralion, and frequency of hunan-cansed
disturbance events. Areas that are exposai to intense, frequent, or long-duration
disturbance eventa are at high risk for invasion.

Infestation Level

This eatepary considers the richness und abundance of invasive plant apecies within an
area. Areas conaidered “clean” of invasive planls are often a higher priovity than areas
already heavily infested.

Investments Depree of previous investment in invasive plant removal efforts.
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3.2.3 inventory and Early Detection Methods

There ig 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 aize), spatial scale,
ecogystemn type, budget, and available expertise.

In the broadeat sense, there are two bagic approaches
to inventory and early detection surveys: (1} ground-
based and {2} remate. Below we provide a summary of
these two approaches adapted from the USFWE's
Invegive Plonl Inventory and Barly Detection Guide
(USFWS in prep.).

As the name implies, ground-besed inventory Aerial invasive plant survey
methods are those in which the surveyor is observing and  CREDIT: Wildlands Conservation Scwence, LLL.
recording the location of invasive plant infestations from
the ground. Depending on the terrain and acceaaibility of the site, many of these ground-based methods
can be carried out on foot or with the aid of vehicles such as trueks, ATVs, boata, ete., that can enhance
the efficiency of the survey. Ground-based methods inelude eorridor surveys, grid-based surveys, full
eoverage swaths, opportunistic sampling, line transects, belt transects, peymanent plot monitoring, and
photo points,

Ar compared to ground-based methords, remote wnathods are generally accomplished by sensors
deployed on planes, helicopters, and drones from which visual data are collected (enlleclively referred to
as remote sensing}, Remote methods also include aerial mapping of invasive plant populations by human
phservers from a helicopter.

The ebility to detect weeds remotely depends on the unique properties of the weed of interest, the
size or extent of the infestation, and the speciral and spalial resolution of the sensars employed (Bradley
2014). In some cases, the spatial extent or size of the imagea 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 4 given area. An integral part of remote sensing is performing a field-based accurncy assesament to
ground-truth results,

There are many remote sensing methods that have been used to survey invasive plants, Excellent
deseriptions of different technigues as well as examples of how thase technigques have been used have
been published by several authors (Bradley 2014; Huang and Asner 2009; Lass et al. 2006; Madden 2004)
and should be Tead by those considering remate 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 (hftps.Aunine s fod wslengirsaci) algo provides excellent guidelines on plant
characteristics needed to employ remote sensing technigues as well as eriteria for selecting the best
approach for a given survey objective,

The USFWS's Invasive Plant Inventory and Early Detectiom Guide (2018) summarizes factors ta
congider when planning thase surveys and points to exisling survey methods, protocols, and mapping
puidesa
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3.3 Develop Invasive Plant Management Objectives

Put simply, an ohjective is a statement delailing the desired outeore or 1esuli of management—what
suecess tooks like. Depencling on the invasive plant management situation, expected cuteomes Likely fall
into one or more of the categories below:

® Preventing introduction of new and highly invesive
species

m  Containing the extent/preventing further spread of
existing infastations

m  Reducing the cover of existing infestutions
B Eradicating species

Although mentioned previously, it's worth repeating here the
importanee of well-erafted ohjectives; they provide the
foundation for evaluation, learning, and adaption of
manugement to ultimately improve culeomes, They help us
answer the following questions: 1= our management progr
workiag? and if not, why ot ?

To answer these gquestions, we first need to know what
the desired impuct is—the vhjegtive, Second, we need to
track whether strategies were implemented or net. Third, we
need to monitor attribute(s} of invasive plants (spelled-out in
the ebjective).

A well-crafted abjective meets the following SMART eriteria (Foundations of Success 2009},

B Specilic—what i expected and where are clearly defined so that all people involved in the project
have the same understanding of what the terms in the objective mean,

® Measurable—definabie in relation to some standard scale (numbets, percentage, firactions, or
all/nothing states).

B Achievable—achievable and appropriate within the conlext of the project site and available
rescurces, Considerations: people, technical capacity, funding, and political, economic, and other
constiaints.

M Results-oriented—fncuses en the vesult of management actions, not the actions themselves.

B Time-bound—specilies when results are expected.

Avoid ambiguity by wording objectives clearly. A clearly worded objective is easy bo understand and
diflicult to migsinterpret. Avoid or minimize using words and terms that are subject to interpretation
without numerie/measurable values attached, such us high quality, reduce, enhence, and restors.
(hjectives should contain a measurable element that can be monitored to evaluate progress, it should be
clear from the objective what needs to be measurerd.

Objectives—na matier how measurable or clearly written -must be achievable. Avoid setting your
program up for failure. If you cannot resolve constraints on achieving an objective, then eonsider
disearding or rewriting it. Consider both short- and long-term objectives. Be realistic about 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
result rmathet than state the action(s) that will be taken; when 1'eading a yesults-oriented nbjective, it
should be clear what success looks Jike in terms of the resolt, not. the actions taken (such as how many
rallons of herbicide sprayed in a given ycar). Examples of objectives and how well they pass the
“SMART tast” ave provided in table 7.
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Table 7. Examples of invasive plant management objectives and the degree to which thay are SMART
{specific, measurable, achievable, results-oriented, and time-hound}. Generic area names are provided
in cases where objectives are drawn from existing plans.

Objective S|M|AY R | T | Notez

Ercom-free by 200! N|Y |Y |Y|Y | Lacks specificity: which broom species?
Where?

Decrease the abundance and extent of N|N|Y | N|N | Whal are Lhe Largel invaaive species? By

Larget invasive species in management when?

areas A and B.

Eradicate high-priority species from high- N|Y|Y | Y |N| Lacks specificity abaut whal speries, where

quality habitats. eradication will accur, and by when.

Reduse cover of non-native speciesin Area [ N | Y | Y | Y | Y | Which non-native species are bejng

G by 10% hy 2020. veferrved to? Plants?

Cenduct EDRR surveyson anannvalbasis | Y [ Y | Y | N | N | Statement about actions that will he taken

for yellow starthistle along all road within rather than the result.

District X.

Annually spray all known populations of N|Y |Y |N|Y| Whatspecies of Elodea? Specifies the

Elodea in Refuge X. management action that will be talen
rather than the result of the menagement.
action.

Eradicate barbed goatgrass fram Area D Y|[Y|Y | Y] Y |SMART objective
by 2020, defined as finding no evidence of
plants for a period of five prowing seasons.

Reduce cover of French broomin AreaEto | Y | Y | Y | Y | Y | SMART objeclive
5% by 2019,

Populations of Spotted Knapweedat Aress | Y | Y | Y | Y | Y | SMART cbjective
B and C will decrease at a rate of 25% per
year until evadicated by 2410.

*Note: We assume objectives were written ta be achievable.

Developing objectives that are achievable over the life of your Plan requires examining several key
pieces of information ineluding:

# What species and areas ave & foeus of management?
m  What is the status of priovity species within the Plan scope?

B What are the major canstraints: aceessibility, spatial scale, availability of people or funding,
technical capacity, reguolations, politics, ete.?

e
3.4 Develop Invasive Plant Management Strategies

An invasive plant maragement strateqy is a collection of activities or projects aimed at preventing,
eradicating, eontaining, and/or suppressing {assel-based protection) targeted invusive plant species.
Deciding which activities to employ and where ¢an be a complex process because there are many faclors
to eonsider, such as species abundance and ecology; site churacteristics such as scale, sensitive reaabrees,
and aecessibility; capacity to implement (people, funding, and technical expertise); and socio-political
izsues. If you have completed the initial planning steps  gathering site specific infermation, prioritizing,
assessing status, and developing SMART objectives (chapter 2 and sections 3.1-3.3)—you are well-
positioned to design an effective and achievable strategy,
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Examples of locations that are vulnerable 1o invasion include:

B Vector pathways. A vecior puthwny is the route between the non-native propagule source and
relesse location (Loclkowoed et al. 2013). Common vector pathways include roadsides, trails,
waterways, aml utility corridors.

m  Aress where humans and their vehicles/tools frequent or congregate such as buildings, boat
launch sites, campsaites, and vehicle or tool storage areas.

®  Areas of high Intengity or frequent disturbance (natural and anthrepogenic). Disturbance
facilitates invasion and can be described as a “relatively discrete events in time that [disrupt]
ecosystem, community, nr population structure and [change] resources, substrate availability, or
the phyaica! environment” (Lockwood et al. 2013; White und Pickett 1935). Examples of
anthropogenic disturbances include restoration or enhancement activities, ¥epgular maintenance
activities (such as mowing), resource extraction, and toxic spills. Examples of natural disturbance
events inelude foods, tides, fire, and erosion.

Understanding the likely means of intraduction and transport of invasive plants at your site is key to
developing prevention oy biosecurity strategies.

Eradication

Eradicalion is the complete removal of an invasive plant species (inclnding reproductive propagules)
from a defined area (fignres 9 and 10). Eradication iz most feasible when an infestation is small.

To understand how the size of en infestation affects whether eradication is an achievable objective,
Rejmunek and Piteairn {2002) analyzed decades of eradication efforts by the California Department of
Food and Agriculture and found that eradication of inlestations smaller than 1 hecture (2,6 acres) was
usually successful, while only a third of infestations between 1 and 100 heetares (2.5 and 250 acres) and a
quarter of all infestations between 101 and 1,000 hectares (250 and 2,500 acres) were eradicated (figure
11). Costs associated with eradication increase dramatically with size of infestation.

% 13

80 I 40,000
£ 70- ]
4] J
2 &0 § ] 30,000
E 50 7

tJ
B 30 »
E 201 f,'\'\
10 J \
0 - .

o1 10 100 1000
Irubal irfestetion {ha)

— [ %)
£ &
Mean effort per inkeslation (work hours)

Figure 11. The dependence of the eradication success (%) and the mean eradication effort par infestation
{work hours} on the initial size of infestations. Source: Rejmanek and Pitcairn 2002,

Successful eradication projects require (1) having adequate resourees and commitment to see the
project through Lo completion; <2} having an entity with authority to implement eradication; (3) fully
understanding the biology of the species; (4) having the ability Lo deteet the tarpet speeies at low
densities; and (3) having capacity for subsequent restoration of the system (Simberlo ff 2003).
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Erudivating invasive plani populations when they are small requires that we first detect them and
then eradicate them quickly hefore they become widespread and abundant—a eoncept commonly relerred
to as EDRR. Early detection involves systematic and repeated surveys for new species. Early detection
surveys are commonly focused {n areas at high risk of invasion such as vector pathways, ureas where
veetars congregate or frequent, and disturbance arens (see Prevestfion section above fnr more detail on
this topic). USFWS's Invasive Plant Inventory and Early Detection Guide (2018) summarizes factors to
consider when planning early detection surveys and points to existing survey methods and protocols. For
example, the National Park Servies has develnped invasive plant early detection protocols for several of
its park networks (https:/fuwun.nips.goviiminetworks itm).

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

Containment

Containment is defined as any actinn taken to prevent establishment or to control a plant specics beyond
a predefined area known as the containment unit. Confrol is defined as the act of reducing the occurrence
or abundanse 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
surrounding buFfer zone that is free from plants but can receive propagules {such as seeds) (Fletcher et
al. 2015), Containment is typically undertaken when eradication fails or is infensible {figures $ and 10}
Containment involves repeated searching und removal of individuals (EDRR) that arise within the buffer
zone, but it can also encompass prevention activities to sluw the rate of spread inte the butfer zone as well
as suppression of populations within the oecupied zone. Containment must continue indefinitely unless
the meuns 1o suppress and ultimately eradicate the core infestation become available. Given this reality,
it is worth examining the cnst of eradication versus long-lerm containment.

Containment may be a viable option (over eradicution) wherever a species occupies a large area, has
small dispersal distances, and has lung-lived seed banks (Fletcher et al. 2015). In addition, the longer an
infestation has been established and the farther it has spread, the more likely containment will be
cheaper than eradication (Fletcher et al. 201 5). Containment may also be a viahle option in the short term
when resources are extremely Hmited. As additional resources hecome available, reducing—and
ultimalely eradicating—Lhe extent and ahundance of plants in the occupied zone muy become morce
feasible. If containment of a species Is the desired approach, your Plan should clearly define the
containrment strategy, including whal species will be containad, how, uncler what conditions, and where
(defining the containment unit or area), See Fletcher et al. (2015) for more information on how to assess
whether contzinment. can outperform eradieation, and under what condilions it is a valid management
approach,

Asset-Based Protection

Asset-brsed protection means limiting invasive plant control activities to portions of an infestation that
directly threaten high-value conservation fargets (such as areas supporting a high-valued species,
community, ecpsystem, or culturally significant asset) (figure 9, 10). Asset-based protection is commonly
practiced when an invasive species is widespread and abundant and there is little hope of cradication. As
with eradication and eontainment, a varicty of techniques can be nsed to control invasive plants (see
saction 3.4.2).

3.4.2 Prevention and Control Techniques

Prevention Techniques

Lidentifying the most appropriate techniques for preventing the introduction or spread of invasive plants
requires;
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1. Clear objectives—knowing what you want to prevent and where.

2. Site-specific knowledge about risk—areas within your spatial scope at high risk of invasien and
human activities that are likely to lead Lo invasion.

This information will directly inform the types of techniques und best management practices (BMPs) to
reduce risk of invasive plant introduction and spread. Useful references for conducting invasive species
risk assessments and identifying preveuation techniques suiled to your situation are listed below:

B Preventing tha Spread of Invasive Plants: Best Management Practices for Land Manugers
{California [nvasive Plant Council [Cal-TPC] 2012}). This resource includes helpful BMPs fur &
range of activities. Web link: hitps:thcmew.cal-
ipe.orgidocs/bmpsidd®jwol misvitg952TrihekydqriBMPLand Manager. pdf

8  Compendium of Recommended Procedivres and Best Management Practices Relevand {o
Minimizing the Introduction of Inmvasive Species by Service Actwities (USFWS 2018). Govering
all taxa, this resaurce points tn a wealth of informatinn ahout risk assessment methods, prevention
techniques and practiees, and outreach and communication materials, Web link:
hitns:iecos fus.gov/ServCat/Reference/ Profile/165555 (Appendix 2)

B Guide to Norious Weed Prevention Prackices (USDA Forest Service 2001), This guide includes
helpful BMPs for a range of activities. Web link:
https-thumoe.fsfed. usfinvastvespecies/docutnents/FS Weed BMP_2001 pdf

Tdeally, a formal invasive plant risk assessment is conducted as part of the planning process. If time does
not allow for an assessment, it should be called put as an activity so that prevention measures are foensed
an the higheat-riak areas and activities,

Control Techniques

Asnoted above, invasive plant control is the act of reducing the occurrence ar abundance of invasive
plants using one ar mote techniques (such as chernical, biological, mechanieal, or cultural removal).
Several factors should be considered when selecting control techniques, ineluding:

m Management objectives—what you are twying te achieve (sec section 3.2)
Target. specics ecology, distribution, and abundance

Gapacity Lo implement  pcaple, eost, and technical capacity

Site chavacteristics such as seale, accessibility, and pelities

Potential non-target effecta

m  Likelihovd of suceess

Ideally, multiple technigues are emplayed for a given speeies o1 species group to avoid development of
resislance (figure 12). Resistance is a decline in effectiveness of a particular control technigue over time.
Reliance on any single technique to control weeds results in selection for species or populatiens that can
survive that practice {Coble and Schroeder 2016}, A clear sign that resistanee is occurring is a decline in
effectiveness over time, Invasive plants can develap resistance to any type of control technique {such as
mechanieal, chemical, ar biological}, but it is more commonly assoriated wilh herbicide use. The
Internationsal Survey of Herhicide Resistant Weeds (2018} reports theve abe ewrrently 496 unigue

cases (species x site of action) of herbicide-resistant weeds globelly, with 255 species (148 dicots and 107
monocots). Further, weeds have evolved resistance to 23 of the 26 known herbicide sites of aclion and to
162 different herbicides.
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objectives should be the major factor driving the brainstorming process. Other fuctors userd to evaluate
the value of different invasive plant management activities are presented in table 9,

Tonls and approaches for selecting an optimal set of strategies range from simple to complex, but
megt invelve answaring questions ahout the performance of a project or activity relative to your
objectives, the feasibility of carrying it out, and the likelihood of non-target effects. Regardless of the
method, involving your project team to build eonsensus around decisions is important. Tables 1 and 11
provide simple examples of evaluating alternative activities. Decision trees (figure 13) ¢can also he a useful
approach. The fnvasive Plent Management Decision Analysis Teol (https:/fipmdat.org/ipmdat.himt) is
an online decisinn support tool far evaluating different approaches to managing particular species, This
tool does not tell you what ta do; rather, it helps you evaluate various alternatives you have
brainstormed.

Whether your approach is simple ¢r complex, brainstorming and evaluating impacta and feasibility
lead to more phjective and transparent derisions, help ieams reach consensus, pruvide a record of how
decisions were made, and increase Lhe likelihood that the strategy is implemented and suceessful.

Table 9. Factors 1o congider when developing an invasive plant management strategy.

Faclor Deseription

Management chjective(s} The degree to which an activity will lead to achieving a management chjactive
Species or species group The degree Lo which Lhe aclivily is well-suiled to the species ecology, distribution,
characlerislics and abundance within the management seope

Non-tarpet effects The likelihood und degree Lo which Lhe activity will result in unintended negative

impacts on the envirenment pr humans

Likelihood of success The level of certainty Lhat the activity can be successfully implemented and will
work as expected

Feagibility of implementing | Cost and duration; Lechnical expertise required and available; seriopoliticsl
concerns; training or certifications required. Youwr organization may have
sophiaticated cost-eslimating software, but in meny cases u simple spreadsheet
will do. Inventery data, if available, can be nsed Lo estimate costs, Cost per unit
area can be derived from past management onsite or from interviews with others
who have implemented similar activities,
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Tehble 10, Simplified example of evaluating aNetnalive invesive plant management activities for objectives hecused on prevendlng establishment
of nave invasive plant papulations (Objective 1], eradicating Spocies A lrom the amtirn site (Dbjsetive 2}, contalnment of Species B to currant
axtent {Objective 3, and auppressing Species G {Dbjoctive 4). Objectives drove the dovelopment of activities.

Oyertrreis) Now fargel
Actinily eddressed olegqury fm'vuc! Feaxtbil 1] Eﬂ'tﬂi
Develap und provide stail and contimetor trainiing for prevenling the spread of 14 High High Low
invasive plants (BMFPs), implerent BMPs
Davalop and implement early detection protocol focused an priarity early deleetion | 1 Lligh Low Low
At
Eradicate all early delection «pecies, il fratnd, using non.chemical mthods L High Moditim Low
Eradicals Species A lrom all manage menl aress using herbicides Giltermaling 2 Melium High Medinm
Herbizides X and ¥}
Eradicale Specfes A from all munagement areas using mechanical tmowing) and g igh High Medium
chemieal methods (Herbleide X)
Contain curtent extent of Species B using chemical control (ulternaking Herbicides 1 3 High High Laow
X aid T
Contain ourrent extent of Species B uying mumul ge machuni ol methods (habd 3 Mediom Low Low
pulling and mawing)
Flaod areas infested with Speciea C, fllowed by sclive mative planl resturation 4 High Medium Medium
Use fire to suppress abundance of Species Cwithin areas containing rare planls 4 Medium Medium Law
Use grazing anu Herbicide Z to guppress abundanee of Species C within preas 4 High Medium Liaw
conlaining rare plants

Notes: impact = the degres (p which Lhe aclion will help meet onc or mare invasive plant managemenl objectives; fasibility = degree to which activity is
financially, technically, und politically easible; non-terget ¢ffects - potenlial for harim Lo natuval o cultural vegources 43 4 result of Invasive plant
managemeni activities,
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Table 12. List of commonly cited uniniended consequences of invazive plant management activities.
Many of the consequences listed hare are possible with any invasive plant management activity.

Uninterded consequeice

Description

Boil disturbance, compaction, or
ernsion

Equipment uge results in soil disturbance or compaction. Removal of plants
and creation of bare ground can lead to eresion.

Water quality imparts

Chemieals or other introduced materials (such as sediment) ean impair
water quality.

Hatm to non-target plants

Peaple, equipment, or materials result in impairment or mortality of native
plants.

Direct harm to wildlife Peaple, cquipment, or materials result in wildlife displacement, impairment,
or mortality,
Indirect harm to wildlife People, equipment, or materials result in alteration of wikllife habitat.

Direcl or indirect harm to cultural
resIuTTes

People, equipment, or materials result in cultural resource damage o loss.

Further spread of invasive plants

Pecple andfor equipment become vectors of invasive plant spread.

Create conditions for ¥einvasion

Activity resulls in spil disturbance or erealion of open areas that arve re-
infested.

Human cafaty risk

Artivity poses a risk to human sufaty.

Steps te reduce the likelihood of non-target effects include:
1. Assess the types and magnitude of non-target effecls fi'om proposed invasive plant management,

activities.

2, Tothe extent feasihle, chovse a porifolio of invasive plant management activities with the lowest

likelihood of non target effecta,

3. Integrate BMPs into your invasive plant management program to avoid non-target effects.

4. In cases where non-targel effecls cannot be avoided, develop measures to help mitigate the non-
target effect. This ia a typical requirement of environmenlal permitting, which may contain specific
restrictions based on the invasive plant management work in relation to high-value resources such as
special-status apecies, sensitive species habitats, or wetlands,

A useful resource for developing BMPs to aveid non-target eflects from invasive plant management

aclivilies is:

| Best Management Practices (DM Ps) for Wildland Stewandship: Profecting Wildiife Whan Ustag
Horbicides for Invasive Plent Management (Cal IPC 2015). Among other infurmation, the manual
contains risk charts fur potentiul impacts on wildlife for commenly used herbicides. Many of the
BMPs in this doeument, are applicable for other invasive plant management activities other than

herbicide use.

Also see section 3.4.2 for a list of resgurces Lhul. include BMPs for prevenling the spread of invasive
plants and appendix B for examplea of BMPs in existing Plans.

.. |
3.6 Conduct Work Planning

Up to Lhis point, you have identified priorvities, developed objectives, and devised a set of strategies to
achieve your ghjectives. The information generated so far does not provide the specificity for
implementation—this is the job of seerk planning (eften referred to as implemeniation planring or
eperational planning). The purpese of an operational plan is bo provide those responsible for
implementing your straiery {and agsceialel activities) with a clear picture of what needs to get done,
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whete, and when, as well a5 how much it will likely eost over a specilied period of time. Commonty,
organizations develop 2- Lo 5-year aperatinnal plans that guide annual work Without an operatinnal plan,
it ig highly likely your invasive plant management straiegy will not be implementec.

The level of detail needed in an aperational plan depends on the intended purpose and audience. In
general, a multi-year operational plan should be developed that specifics;

m Tasks and locations associated with Plan activities
B Who is responsible far carrying out activities

m (Gosta aasociated with activities
]

Performance measures or indicators—in other words, a means for aszesging the degree to which
an activity or task was caried out.

Because conditions change over time, such as fluctuations in funding andfor staff, the operational plan will
change and should be revisited frequently (such as annually). This information is critical to infurming
your organization’s work on an annual basis. See appendix B for examples of Plans with work planning.

3.7 Monitor and Evaluate

Fallowing implementation of invasive plant management strategies, managers should be able to answer
these key gquestions:

1. Were activities implemented as planned? If not, why not?
2. Are we achieving our management objectives (or moving towards achievement)?

Answering these questions requires monitoring. Monitoring
is the periadie process of gathering dala to ussess oulcomes
relative to your actions and your ohjectives. If you intend to
practice adaptive management, monitoring should be
condueted so that your orpanization can understand whether
your program is on track and identify adjustments to impruve
outcomes, (ther important benefits include:

® Enhancing accountability, credibility, and
transparency with external donors, policymukers, and
the public,

B Strengthening ownership uf the work by partners and
stakeholders, thereby improving the sustainability of
the worl.

B Capturing lessons to share with the broader conservation community, thereby improving learing
heyond your organization.

3.7.1 Protocol Development

Regardless of the survey purpose, any natural resource survey cffort, such as monitoring invasive plants,
requires a set of instiuctions o1 a protecol. A protoeol should include engugh detail o that someane
unfamiliar with the survey understands what, why, where, by whom, when, and how a survey is
conducted {USFWS 2013). This includes identification of the management ohjective the survey will
inform, what will be measured, how measures will be taken, considerations and costs for data callection,
data management, analysis, and reporting of results.

Before inveating in protocol development, determine if an existing protocol could be adapted to meet
your needs by searching online databases (such as the National Park Serviee Data Store
Lhtipsffirma.nps.gov/DataStorer] or the USFWS Service Calalog {fitips:fecos.fivs.gouServCedf]) or
talking with local organizations involved in vegetation and invasive plant management. More delailed
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information about developing monitoring protocols can be found in How fo Develop Survey Prolocols: A
Hendbook (USFWS 2018), Guidelines for Long-term Moniforing Protocals (Oakley et al. 2003), and
Guidance for Designing an Integroded Monitoring Program (National Park Service 2012). A goad
resgurce for developing survey desipns is Measuring and Manitoring Plant Populations (Elzinga et al.
1998). In addition, USFWS recently completed an fnuasive Plant Inventory and Early Detection Guide
{USFWS in prep.). Lastly, examples of invasive plant inventary and monitoring protacols 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. Good mansgement of data,
whether they be spatial or non-spatial data, makes the data easier to access, understand, use, and share,
but iz one of the most commonly overlooked aspects of invasive plant management. Qver time, poor data
management can resolt in wasted time and money beeause the data cannot be found or understood.
[deally, a Plan should emphnsize the importance of data management and deseribe basic data
management practices that should be followad, such as:

B Metadata standards that should be used, such as the Federul Geographic Data Committee
geospatial metadata standards or the North American Invasive S8pecies Management Association
standards (for invasive plant surveys).

8 Describing how data will be organized and stored {such access databases, peodatabases, or
established data management systerns).

m  Describing naming standards for species, such as the International Taxenomic Information
System.

m Establishing f{ile numing conventions.

Well-developed data management systems and workflows can save an organization significant amonnts of
time and money, provide continuity of work despite staff turnover, and provide a strong legacy of
information to guide future decisions, Examples of Plans with data munagement elements are identifier]
in appendix B.

3.7.3 Evaluation

Fyalugtion here refers to the regular assessment of vuteornes, Such information is used Lo adjust your
management strategies, as needed, 1o achieve your management objectives. Organizations should identify
a mechanism for regularly cheeking in to assess outeomes. Evaluation should be eonducted by pecple who
are implemeanting the Plan as well as those who direct or planned the work. Thiz may include wnnual
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 chapter describes the suggested elements and associated content of
a Plan. It parallels the content generated in chapter 3 and follows the
Plan templale in appendix C. Appendix B alza peints to publicly available
Flan examples. The level of detail a Plan contains depends on its audience
and inLlended use. For examnple, if the Plan's purpose is to guide on-the-
ground invasive plant management activities, then a high level of detail
may be needed Lo increase the likelihood that the Plan is carried out as
intended, especially as stall change over time,

Sahara mnstard
Brasetea tourngfomiil

CAECIT: ©Ryan O'Dell

4.1 Plan Introduction

The introductory sections of a Plan stato its purpose and need and provide an overview of the
management. conlext. Further topies include the spatial scope, environmental andfor enltural setting,
canservation targets, existing manegement goala and objectives, history of invasive plant issues and
management, and regulatory eontext. These topics are summarized below and appear in Ehe Plan
template (appendix C),

4.1.1 Plan Purpose and Need

Your Plan should identify the purpose and need for an invasive plant management program, clearly
articulating why the erganization must. take action. Plans often siart by describing how invasive plants
currently (or have the potential to) deerease biodiversity, degrade hakitat, decrease water availability, or
threaten recreational uses or infrastructure. Some also detail how invasive plant management. i8
important for meeting the organization’s eonservation vision and goals. The more links yon can draw
between sile conservation goals and how invasive planta impede those goals, the better. Doing ao
increases the likelihood that the need for invasive plant management is understood by leadership and
other stakehoidera and is ultimately supported. You may also want to congider linking invasive plant
management at your site to other local, regional, or national efforts aimed at reducing harm from invasive
plants.

Ideally, this section of the Flan also describes the intended audience and how the Plan should be used
{and adapted) over time,
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Conservation Goals

Tt is important to identify and review existing conservation goals and abjectives of the Plan acope (and
consider including them in the Plan introduction) hecause they provide context, rationale, and focus for
invasive plant management efforts and will help inform what species are a prierity for management,
where management should be focused, and the types of atrategies that may be appropriate. This
information is often found in conservation plans develaped for the site and may be very broad or quite
specilic,

Existing site-specilic management o conservation plans ideally contain goals or objectives that
describe the desired state of resources (such as species, natural resouree comemunities, ecasystems, o
cultural resources). They may also contain specilic ebjectives related Lo invasive plants, such s
prevention or eradication of a particular species or a decreuse in the overall extent or abundance of
invagive plants. In many mases, invasive plant objectives may not yet exist or, eéven if they do, they may
need refinement and shonld be re-examined as part of the planning process. Seetions 3.3 and 4.4 address
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.

m  Conservation target: tidal marsh ecosystem
» Conservation goal: By FY 2025, extent of high quality tidal marsh within Refuge X inereases to

14,500 aeres. High quality - unimpaired hydrology, dominated by native tidal-matsh associated
plant species,

® Invasive plant management objective: By 2022, eradicate Algerian sea lavender at Refuge X.

4.1.4 Invasive Plant Management History

In cazses where invasive plant management has occurred or is onguing within the Plan scope, it is useful to
describe manspement history, including focal species and locations, strategies empleyed, and successes
and failures, This overview helps readers understand what has come before and what can he and was
learmed. This may include efforls to prevent, eradicate, control, study, inventory, or monitot invasive
plants. When poasible, cite sources of information, such as personal communications, pesticide use
reporis, maps, or reports.

4,15 Relevant Invasive Species Laws and Policies

Most Plans include a description of the legul (und sumelimes palitical} context of invasive plant
manzgement at the site, including laws and policies governing invasive plant management planning and
implementation. The level of detail here depends on the organization. Often limes, relevant laws, policies,
and regulations are summarized.

4.2 Methods

The methods chapter identifies who wus involved in developing the Plan; information rescurces and
processes used to inform its design; the people (public, leadership, others) or organizations who were
informed of its development or engaged in the planning process; and how decisions were made. Use ofa
Plan by its intended audience will depend in large part on the readers’ conlidence that (1) the right people
were involved in designing the Plan and (2) that its contents were developed using the best available
information and pracesses. The methads chaptey should deseribe any Lools or processes that were used o
developed to make decisions such as which species to focus on, which areas to focus on, and whal
strategies and activities to employ. Thig may be as simple as citing existing tools or deseribing new
processes that were developed as part of the planning process. Lastly, it's useful to deseribe how the
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public, stakeholders, or others were informed about or engaged in the planning process. Thig helps
readers understand how much others already know about what has been planned, whether or not they
support those actions, and any considerations that need to be kept in mind as Plan implementation begins.

4.3 Invasive Plant Priority Species and Areas

A Plan should identify and describe the species and areas that are the forus of invasive plant
management efforts within the spatial scope.

4.3.1 Species Descriptions

Describe the species, or species groups, that are the focus of the Plan. These can include corrent invaaive
plant species or species that have the potential to pecur in the futnre (early detection). A species
description (aleo known as a species account) is basically a written summary of a specics, o groop of
similar specics, and includes the following information:

m  Plant ecology
O Flant life eycle: annual, perennial, biennial
0 Growth form: herb, shrub, tree, vine, aquatic
O Reproductian
O Seed longevity, dispersal distance
0 Phenology such az blooming time and best time for detection
O Habitat
C Dispersal mode(s;
O Spread rates
B History of management
m  Current status within the scope and/or the larger landseape, ineluding data and maps if available

® Impacts on natural resources, ecalogical processes, or human infrastimcture: current or potenlial
future

B Visuals such as photes
There is a wealth of information available online to help deseribe invasive plant species ecology, known

impacts on wildlands vr agriculture, and management. A few freely available online vesonrces are
highlighted below and others can be found in uppendix A:

m Global Invasive Species Databaze (dtp/iwine inengisd org/gisds)

m  Invasive.org (wunw invasive.orgl

¥ National Association of Invacive Plaut Counecils (unmp.na-ipe.org). This site provides links to
invasive plant councils and weerd management areas throughout the United States, each of which
can provide useful spectes-specific information, Example: Cal TPC maintains a detailed database of
the state’s top Invasive plant species [AftpAhuuns. cal-ipe.org/plants/inventory/)

USDA National Agricultural Libravy (kitps:thmew.invasivespecicainfo.goviplants/main.sitmd)
USDA PLANTS Database {(https:#plants.usda.govijaval)

Invasive Plant Atlas of New England {ittps/fuww. eddmaps.orgliparef)

Weed Research and Information Center (fittpfuwric. uedavrs.edu)

It is always a good idea to eonsult with local weed experts, weed management areas, or invasive species
coundcils to identify local or region-specific resources {such as books and scientific papers). Appendix A
points to scveral pther resources, und appendix B provides 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 brief description. Types of informution tn cunsider include:

B Plant communities cr ecosystems

Sensitive resources

Abiotic features such as hydrology, soils, or topography
Size

Invasive plant status: the degree to which the area is invaded by one or more invasive plant
spacies

Vectore or vector pathways, roadway loeutions and types
Level of anthropogenic disturbance
m Maps showing area boundaries and other environmental features of importance

.|
4.4 Objectives, Strategies, and Activities

This section of a Plan is where (1) SMART invasive plant management objectives or averall vegetation
management nhjectives are presenled and (2) strategies and associaled aclivities to help achieve Lhem
are dezcribed in encugh detail to be useful for the intended audience. Appendix B presants several Plans
from a vanely of agencies, providing ideas on how to eraft this element of your Plan that meets your
needs. Below is a list of the types of information in consider including.

m Strategy description—each strategy should be deseribed in enough detail so that peaple wha are

expected to implement understand what needs to happen. This can include descriptions of the
following:

A Objective(s) it supports

O The approach{es) it involves; prevention, containment, control

O Techniquesftaeties it involves such ac education, research, agssessmenis,
chemicul/physical/biologicalfcultural control

O Where it will be implemented

O When (years, seasonality) ar how frequently it will be implemented

O Specific activities 1o be implemented

O Who will be involved with implementation

O Training or certifications required

0 Equipment and supplies needed

D Expected costs

Stratogies can be presented in tuble ferm by species and then areas or by distinct areas.

4.5 Measures to Avoid Non-Target Effects

Most invasive plant management programs employ BMPs internully Lo minimize the non-target effects of
theil activities, but these may not be forrmally docurnented. This section provides a pluce Lo summurize
the potential non-target effects of your invasive plunt management activities and measures or BMPs to
avoid or mitigute themn. BMPs may he presented as a checkliat for specifie management strategies or
aclivities and included as an appendix to your Plan to be used in the field. This section may alzo cite laws
oI policies applieable ta your sitnation.

L and Adanager s Gurda to Dealiping an Chapter 4—Writing Your Plan
reaseve Plant Managemant Flan 49



4.6 Work Planning and Reporting

This section of your Plan should provide enough detail for the people or organizalions who must carry out
the Plan. Information to include iz listed balow:

B A multi-year timeline for aclivities and surveys

m  Expected annual costs

m  Timing of management activities (relative to phenology of target plants and other applicable
factors)

B [Roles: generally who is involved in carrying out activities and surveys

B How annual evaluation and work planning will happen

B Reporting (if needed): content, format, frequency, storage, and sharing

Beeause annual werk planning is dynamic, it can be helpful to use spreadshects or some other data
system to handle changes through iime following development of the initial Flan.

4.7 Monitoring and Evaluation Methods

The monitaring and evaluation portion of your Plan should contain information about what types of
surveys are needed to inform you work, links te Plan objectives or activities they suppert, expected
frequency, and information on how they will be carried out {protocols). If a pratocol exists, they can be
included as an appendix or cited. If proteeol development is needed, specify when and how a protoeol will
be developed.

This section can ulso include nlormation abeut sollware or daty systemis) that will be used to
manage invasive plant data (spatial and non-spatial} as well as how infermation (files) will be organized
and stored,
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Glossary

action: an uctivity designed to apply a particular strategy to a specific situation in order to help achieve
an objective. Also called a tactic.

adaptive management: a structured process that promotes Nexible, informed decisions thal allow us to
make adjustments as we better understund outcomes from management actions and other events.
Careful monitoring of these outcomes both advances scientific understanding and helps edjust policies or
operations as part of an iterative lemining process (USFWS 2013}

allen: with respeet to a particular ecosystem, an organism, including ils seeds, eggs, spores, or other biological
material capable of propaguting that species, that occurs outside of its natural range (Executive Order 13751
[2016]). Considered synenymous with exetic and non-native, the latter of which is used in this Guide,

aquatic nulsance species: a nonindigenous species that threatens the diversity or abundance of native
species or the ecological stability of infested waters, or commercial, agricnltural, aguacultural, or
recreational activities dependent on such waters (Nonindigenous Aquatic Nuisance Prevention and
Control Act [1950]).

agaet-based protection: a strategy in which rontrol activities far a widespread invasive species is facused
on those areas where the contre] protects high-prierity eonservation assets.

best management practices {BMPs): methods or techniques found to be the mast effective and practical
in achieving an abjective, such as preventing or reducing invasive plant spread, while making optimal use
of resources (Cal-1PC 2012),

conpervetion target: the focus of conservalion within a specificd area. Conservation targets may be biological
in nature (species, communitics, ot ecosystems) or reflect hurman well-being {such gs culture, recreation,
infrastructure, or safety). Often, a limited number of conscrvativn targets are identified ta callectively
represent the full suite of biediversity or values within a specified area (Foundations of Success 2009),

containment: actions taken to prevent establishment and reproduction of an invasive plant species
beyund a predefined area or the contairmant 1nit. The containment unit comprises the area where the
species currently exists (occupied zone) plus 2 surrounding buffer zone that is free from plants but can
receive propagules (such rs seeds) (Panetta and Cacho 2014).

control: the act of reducing the occurrence or abundance of invasive plants using one or more integrated
pest management technigues (such as chemical, bivlogical, mechanical removal techniquea).

drone: An aevial machine that can be usad for remote mapping. Also known as unmanned aerial vehicle
{UAV) or urmanned aerial system (ITAS).

exrly detection: a type of swvey focused on detecling the location and abundanee of highly invasive
speeies Lhat are not yet eslablished within a defined area (but the potential for establishment exists} or
occur in small isolaied populations within a fdefined spatial scope (Olsen et al. 2015). A process of
surveying for, reporting, and verifying the presence of a non-native species before the founding
populatinn becomes established or sprears so widely that eradication is no longer feasible (U.S.
Depariment of the Interior 2016).

eradieation: the complete removal of an invasive plant species {including reproductive propagules) from a
defined area,

integrated pest managemant (IFM): a science-based decision-making process that ineorporates
management. goals, cansensus huilding, pest bialagy, manitoring, environmental factors, and selection of
the best available technology to achieve desired outeomes while minimizing effecta on non-target species
and the environment and prevenling unacceptable levels of pest Jamage (USFWS 2010).
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indigenous: see native species.
introduced: see alizn,

invapive species; 1 non-nutive organism whose introduction causes or is hikely to cause economie or
environmental harm, ar harm to hurnan, animal, or plant health {Executive Order 13751 [2016]).

invantory: a type of survey that is used to determine the location or condition of a resource (e,
ptesence, abundance, distribution, status} at a specific time. Inventories may also eslablish a beginning
time-step {buseline) or reference information for subsequent monitoring {USFWS 2013). In this Guide, an
invardory refers to a catalogue of invasive species that can inelude information on their loeation,
abundance, and distribulion in a defined region,

monitoring: consists of repeated survey efforts and is more complex than inventories because it is
eonducted to understand how resources vary over lime {e.gz., months to years) and space, Baseline
mentioring can be uzed to produce a time series uf indicators such as water salinity or fish survival.
Results from this type of manitoring can be used to assess changes in a system or to develop models of
system fanction. Monttoring fo infirn managernent is the other type of monitoring for which a survey
pratoonl is developed and has the additional purpose of directly influencing a management decision. This
form of monitoring may he used to cvaluate model vulnes and performanee in adaptive management
projects or used to identify effects on trends in attributes produced by quasi-experiments (USFWiS 2013).

native nuisance ppeclea; a native species that rauses harm to the environment ar human health.

native spetles: with respect to a particular ccosystem, a species that, other than as a result of an
introduction, historieally cecurted or currently ocvurs in that ecosystem { Execulive Order 13112 [19391),

non-native specles: see alion.

noxious weed: any plant ar plant product that can directly or indireetly injure or cause damage to erops
(ineluding nursery stack or plant products), livestock, poultry, or other interests of agriculture, irrigatiun,
navigation, the natural resources of the United States, the public health, or the environment (Public Law
106 - 224 [20007).

ohjectlve: a eoncise statement uf desired oulecomes that specifies what we want to achieve, how much we want
to achieve, when and where we want Lo achieve il, and whe is responsible for achieving it A rmeaningful
ohjertive will be SMART—specifie, measurable, achievable, results-onented, and time-bound (USFWS 2013).

prevention: the act of preventing the introduction and spread (transmission) of invagive species. Also
referved to ag biosecurify.

pest: organiema that damage or interfere with desirable plaots in our fields and vrchards, landscapes, or
wildlands, ur damuge humes or ulher structures, Pests also include organisms that impact human or
animal health (IJO-1PM 20183,

protoeol: detailed instruetions for eunducting a survey. This includes information on sampling
procedures, data collection, management and analysis, and reporting of results (USFWS 2013),

strategy: a group of actions with a commoan focus that work together to reduce threats, capitalize on
opportunities, or reslore conservation targets. Strategies include one or more activities and are designed
to achieve specific objectives and goals { Foundations of Success 2008),

survey: a apecific data-collection effort te complete an inventory or conduct monitoring of biotie or abictic
resources (USFWS 2013),

vector (or transpart veetor): the conveyance {e.g., wind, water, animal, human, machanical, etc,) that
moves & non-native propagule to its novel location (Lockwood et al. 2013).

vaetor pathway {or transport pathway): the route between the non native propagule source and release
lacation {Lackwand et al. 2013).

weed: o plant that causes economic losses nr ecologieal damage, ereates health problems for humans or
anirnals, or s undesirable where it is growing (Weed Society Scicnce of America 2016).
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Appendix A

Invasive Plant Information:
Online Resources

Below iz an alphabetized list of online invasive species information rescurces. There are many more
resources than we could ever list here. We chose to highlight a few of the most resources—many of thern
point to species or location-gpecific resources. The U.S. Deparlment of Agriculture {USDA) National
Invasive Species Information Center maintaing a list of Invasive species resources by atate

{iettps: o invastvespeciesinfo.goviresources/orgsiate. shim!) as well as resourees by specics
(hitps.ffunpw invasivespeciesinfo.gov/plants/mein. shiml). We encourage users 1o seck out additional local
or regional resources.

Center for Invasive Plant Management (CIPM) (weviw. weedcenter.orgl. Though no longer funded, the
CIFPM remgting a useful resource for information about invasive plant biology, management, and education
and outreach. The site provides numerous links to other web-based sources of invasive plant-related
information across the United States,

Center for Invasive Species and Ecosystem Health (CISEH) (Aftps:/Aunew. bugwood.orgf). The mission
of the CISEH is to serve a lead role in development, consclidation, and dissemination of information and
programs focused on invasive species, forest health, natural resouree, and agricultural management
through technolagy development, program implementation, training, applied research, and public
awpreness at the state, regional, national and inlernational levels. The site hosts a database of imagery,
provides links te publications on invasive species management, and lists websites relaled ta invasive
plant munagement across the United Stakes.

Invasive.org {(warnetnvasireorg). Run by the Cenler for Invasive Species and Ecosystemn Health at the
University of Georgia, this aite provides a weallh of information including an easily aceessible archive of
high qualily images of invasive and exotic species of North America with identifications, taxonomy, and
descriptions for use in edueational applications and species specific contrel information.

National Asseclation of Invasive Plant Councila (NAIPC) (wunena-ipe.org). NAIPC comprises state
and multi-stale organizations that eoordinate invasive plant managers and information. Each entity
typically maintains an invasive plant list and holds an annual conference. The site provides links to stule
invasive plant councils,

National Invasive Species Couneil (NIBC) (uninw.tnvastvespecies.gor). The NISC was established to
enswre that federal programs and activities o prevent and contral invasive species are coordinaled,
effective, and efficient. The nationul invasive species management plan can be found on this site.

New York Invasive Bpecies Research Institute (®dip//foune nyisriorg)), To imprave the scientific basis
of invasive species management, the New Ynrk Invasive Species Besearch Institute serves the scientific
research communiby, natural resouree and land managers, and state offices and sponsored organizations
by promnting information-sharing and developing recommendations and implementation protocols for
researeh, funding, and management.

North Amarican Tnvesive Spacies Management Assoclation (NAISMA) (htips/funmonaistno.org’).
NAISMA is a network of professionals land managers, water resource managers, state, regional, and
federal agency divectors and staff, and nonprofit organizations—challenged by invasive species. This
websile lisls standards {weed-free forage and gravel, mapping), invagive plant management nnline
training, and a variety of uther resources uselul Lo managers.
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UBDA Foreet Service Invasive Speciea Program (wnew fi fed. usfinvasivespecies). This site links to the
agency’s policy framework for invasive species ag well aa its management activities, with information on
research, management planning, and pest-speeific enntrol techniques,

UHDA Naticnal Invasive Species Information Center

Chttps:furunn. tnvastvespeetesinfo.gov/index.skeml). This is a gateway to invasive species informalion
covering federal, state, local, and international sources. The resource Lbrary provides links tn many of the
sites listed in this appendix plus many more resources for managers.

ADA PLANTS Database (iitps:iplants.wada.govfjaval. The PLANTS Database provides
standardized information about the vascular plants, mosses, liverworts, hornworis, and lichens of the
United States and its tervitories Tt includes names, plant symhbols, checklists, distributional data, species
abstracts, characteristics, images, crop information, nulomated tools, onward web links, and references.
Il also includes links to federal and atate noxious weed lista.

0.8, Fish and Wildlife Bervice: Invasive Bpecles (o fuws.goiinrasives). The website provides
background on a range of invasive species topies and points to a variety of resourees for land managers.

Weed Research and Information Clemter (hitp:/horic. weaavis.edi). The Weerd Research and Informution
Center is an inlerdisciplinary collaboration that fosters research in weed management and facilitates
distribution of essociated knowledpe for the benelit of agriculture and for the preservation of natural
resources. This is an ¢xcellent resourcee for eonlrol lechniques by weed species.

Weed Sciance Soclety of America (WSSBA) (hitp:/ossanel), The WESSA is a non-profit professional
socicty that prometes research, education, and extension outreach activities related to weeda; provides
seience-based information ta the public and policy-makers; and fosters awareness of weeds and their
impacts on managed and natural ecosystems. WSSA publishes three professional journals: Weed
Science, Weed Tecknology. and Fnvasive Plent Science and Menegement. The website provides a variety
of rescurces—ineluding invesive plant images, identification resources, and a list of resources for
biological control—and eovers the topie of weed resistance.
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Appendix B

Examples: Plans, Reports, and Protocols

The tables below list invasive plant management plans, inventory or monitoring protocols, and other
related puidance documents and the topical areas they address (dezsignated hy an "X”). Full citations und
weh links are provided at the end of this appendix.
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Shee | lerbusht Fvilders azl X hd x
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Moles: species or area prioritization = reference uses mulliple criteria used to priorilize species or areas; SMART objectives = relerence ontaing objeclives that
ure Focuserl on vegetation and are specilie, measmwable, achicvable, results-orienled, and time-haund; prevention = reference identifies specific prevention
practices or activilica: inventory or monitoring = reference has an inventory or mardtoling element; wark planning: reference containg one o more
elements Lhat will inform Implementation, such as speeific tasks nml when Lhey will be corried ont, cosie, how pew activilies or pnjects will be evaluated,
sl who willimplement the work.
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Examples of invasive plant prigritization reports and survey protacols.

Species Aveq EMART
Andlor, dals, and title prioritizotion | prioritizalion | objectives
Ball and Olthaf 2017, Aerin! Invesive Plant Survey: Fuadalupe- X X
Nipomo Dunes Natione! Wildhife Refuge.
Holzman et al. (2016). Farallon National Wildlife Refuge Southoast X X X
and West End Islands 2046 Invesice Plant faventory.
Keefer et al. (2014}, Barly Detection of Invasive Speciex— X X
Swrveillance, Monitoring, and Eapid Response: Version 24,
Rew and Pokoray [2000). Inventory and Surevey Methods for X X
MNonindigenows Plant Species,
Williams et al. (2000} Farly Defeclion of bivaswe Plent Species in X X X
the San Francisco Bay Area Network: A Volunteer-Based
Approvch.

Motes:  specics or area prioritization = reference naes multiple criteria used to prioritize species or areas; SMAKRT
ohjectives - referenca eontaing ohjectives that arc focused on vegetation and are specific, measurable,
achievable, results-criented, and time-bound; prevention = reference identifies specific prevention practices
or aclivities.
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Appendix C
Plan Template

This template provides an cutline of the eontents that should be considered for Inclusion in your Plan and
hyperiinks 1o sectivns of the Guide where information on that Lopic is loeated.

Chapter 1: Introduction and
®  Plan Purpose and Need
Why is this Plan needed?

Why are invustve plants « comcern?

Whao is the indended cudienice?
B Spatial Scope and Setting

Wht is the geographic scope where management activities are prescribed?
m  Conservation Assets and Goals

What ara tha ecological/environmenlol characteristics of the scope und essocialed consermatinn
goals?

B [History of Invasive Plant Management
What is the kistory of tivestve plend management within Hie scope?
m  Begulatory Context

What ave the relevant organizational policies and legisiation that apply to invasive plani
mgnagement witlin the Plan scope?

Chapter Z: Methods and

B Praject Team
Who conrdinaled the planning effort and wrole the Plun?
Who else was invelved in the planning process (inlermol qud external)
B Intetnal and External Communication, Quireach, and Engagement
What were the methods of communication ond engagement during the planning process?
B Information Gathering
Whai information was gethared and used lo inferm the planning process?
B Prioritization of Bpecies and Munagement Areas
What methods were wsed Lo identify priorily species and areas?
B Idenlifying Management Btrategies
What methods were used to identify and rank alternative management strategies?

Chapter 3: Species and Area Priorities and

B Species Priorities

What pland species (one or maultiple} are o prioyity lo manage? Melude ranked (it of apeeies if o
priovitization process was convducted

fand Manager's Gude m Developng an Appanche & Plan Temphate
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Priority species charactaristics? Such as ecology, stotus within the scope and surrounding areas
fabandorceidisiribalion), history of tnvasion, maps, imagery. Use existing species profiles for
baaie characteristics (if availabis)

B AreaPriorities

Whetd areas are o priovity to manage? Inotude ranked list of aureos o a privritization provess ux
conducted

Priority area characteristica? Such as ecological charaeteriaties, invasion slatva, kistory of
IRUASion, Maps, fragery.

Chapter 4: Work Plan and

B SMART Invasive Plant Management Objectives
What would success ook Kke as o rasult of your invogive plon! monagoment program?
B Management Strategies and Activities
What are the invosive pland strategies and assecinted activity {or eclivities)?
When shouwld they te implerianted?
Thresholds for implementation?
Where will they be implemented?
Who is responsible for implementation?
Budget and operational requirements?
Regquiired training, certification, or permits
B Best Management Practices for Avoiding Non-Target Effects

Are there eny potevliol wegative effects on humans, nebioaf/cnltural resources, or infrasiructure
becavse of tnvosive plawd management activities?

What mensures will be implemented to pravent, avoid, or mitigute potentiel negative impects?

Chapter 5: Monitoring and Evaluation and

m  Monitoring smd Evaluation

What methods urll he uxred fo evaliuate progreas in inmplementing strategies and achicving
SMART abjectives?

Wher and how should progress on implementing strategies and achicving oljectives be evaluated?
®  Adaptation

How will moniloring end eveluetion used (o revise the work plan?

How aften should the work plan be eviluated and by whom?
B  Data Manapement

What stordards or systems will be used to manage invasive plant program, detaf
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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 pcrsonal
values. These three components oflen contradict each 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,
supporling data can make the decision more defensible, both legally and ethically,
especially if the data supporting all opposing viewpoinis 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 10
which the observatioos or conclusions can be repeated. Validity of the data is a measure
of the degree to which Lhe observalion or conclusion reflects what actually occurs in
nature. How the data are collected strongly affects the reliability and wvalidity of
ecological conclusions that can bg made Research data potentially relevant 1o
management come from different sources, and the source often provides clues to the
reliability and, to a certain extent, validity of data. Understanding the gquality 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 judgcments that need to be made.

The West Mojave Plan is a multispecies, bioregional plan for the management of
natural resources within a 9.4 nillion-acre arga of the Mojave Desert in Califomia. The
plan addresses the legal requirements for the recovery of the desert tortoise (Gopherus
agassizii), a threatened species, but also covers an additional approximnately 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, (owns, military installations, etc.) seek
programmatic prescriptions that will facilitatc strcam-lined environmental review, resuli
in expedited authorization for development projects, and protect listed and unlisted
species into the foreseeable future to avoid or minimize conflicts between proposed
dcvelopment and species’ conservation and recovery. All of the scientific data available
concerning the biology and management of these approximately 80 species and their
habitats must be evaluated to develop a scientifically eredible plan.

This document provides an overview and evaluation of the knowledge of the
major threats to the persistence and recovery of desert tortoise populations. [ was
specifically asked to evaluate the scientific veracity of the data and reports available. 1
summarize the data presently available with particular focus on the West Mojave Desert,
evaluaie the scientific integrity of those data, and identify major gaps in the available
knowledge. I do not attempt to provide in-depth delails on each study or threat; for more
details I encourage the reader to consult the individual papers or reports cited throughout
this report {many of which are available at most university libraries and at the West



Mojave Plan office in Riverside, California). 1 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 | allempt, for the most part, (0 acquire, penerate, ar
evaluate new or existing, but uninterpreted data.

Two Important Caveats

[.ack of scientific cvidence supporting a purported impact should not be confused
with automatically supporting the alternative, that there is no impact, and vice versa. Or
as it is sometimes said: “abscnce of evidence is not evidence of absence.” It may just
mean that credible ar definitive studies testing the hypothesized effecls have either not
heen conducted or not been reported adequately.

Additionally, when I critique a particular stody [ 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 dilficult to have a proper control for a study in nature and il is often too
expensive or inpossiblc to adequately replicate a natural study, Rather than abandoning
the guestions altogether, scientists forge ahead with the study in spite of its limilations
and collect data that hapefully are uscful for managers. | point out the weaknesses here
so managers will understand the limilasions of such data, not to criticize the researchers
nol to render the studies useless. Virtually all studies have some inherent value, but their
utility falls at differcnt points on the continuum of risk to managers depending in part on
how they were conducted and reported.

USE OF DATA TO MAKE MANAGEMENT
DECISIONS

Scientific investigations follow an orderly, repeatable process. Many such
investipations begin with anecdotes from ranchers, recreatianists, or casual observers of
nature. These might include issues of concern to managers, such as “I'm seeing fewer
torinises these days™ or “tortoises and cattle can coexist.” Anecdotes are uscful for
pointing out to researchers what critical problems may need to be solved through
scientitic investigation. Most scientific research follows up anecdotes that seemn plausible
with more craflily constructed hypatheses and direct observation by cxperienced
observers. If such observations warrant further investigation, scientifically based
observational studics are initinted. Most studies pertaining to desert torioises fall into this
category. However, obscrvational 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 hypatheses that were developed
from anecdotal or observational data. Experiments or carefully designed observational
studies may lcad to development of conceptual or mathematical theories that can then be



used to predict responses of valucd 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 dala 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 experiments designed to test competing predictions of these hypotheses.
The strongest support for one alternative comes from experimentat results that exclude
other alternatives, Studies that test only one hypothesis are weak because they fail 1o
show that the saine results cannot be explained by other hypotheses. In tortoise research
we generally see studies that are designed to suppart a pre-determined “ruling theory™ or
*working hypothesis™ {Chamberlin 1965} or to simply describe nature. Such studics do
little to explicate the phenomenon and to truly advance the managecment objectives
supported by the research.

There are several types of studies that vary by how the data were collected. These
categorics are listed below in descending order from those generally providing the
strongest, most valid conclusions 1o those providing the weakest, least tcliable
informativn.  Value specifically refers to the level of risk a manager is taking when
making a deeision based on the data. The lower the value, the higher the risk. The actual
conclusion may be right on 1arget, but if it is from a risky type of data collection, the
manager runs a higher risk of making an unsound dccision.

Experiment

The strongest scientific data, those demonstrating cause and effect relationships,
are gencrated via well-controlled and replicated experiments (Hairston 198%, Lubchenca
and Real 1991). Such experiments invalve manipulating one variable (freatment, 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 treatment. Any resuliant change in the treatment area is
likely to be eaused by the particular treatment. Howcver, one of many uncontrollable
factors may accur that could resull in a change independent of the treatment. These
uncontrollable features, called random error, can fatally compromise the resulls. To
reduce the effects of random errors (or chance), a properly designcd study must have
replicates - two o more sites that serve as control and two or more sites that serve as the
ireatment sites (Hurlbert 1984). The more replicates there are, the lower the chance that
differcnces observed between treatment or control sites can be caused by random etror.
Another source of error that is mitigated by replication is uncontrollable (of
unrecognized) differences among study zites {e.g., soil type, grazing histary, and slope).



Any experiment that fails to have an adcquate 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 c¢ontrol.  But having a proper control is an important feature and
conclusions drawn from studies that lack a control suffer as a result.

Furthermore, the strength of any experiment, its ability to be broadly applicable,
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
measurements taken within each site. It is all too commeon for studies, panticularly non-
peer reviewed ones, to artificially inflate their sample sizes thus often rcporting a
significant effect {i.e., difference between treatment and control caused by the ireatment
factor) when in fact one did not occur or when the study was inadequately designed ar
carried out ta discern a difference if one indeed existed. For example, when studying the
effect of a factor like ofl-road vchicle {ORY) activity on deserl habitat, it is common to
measure number of plants and plant species within an ORV area versus outside of the
area. If the researcher measured number of plants and plant species along ien transects
within a single plot inside and ten transecis within a single plot outside, the sanple size is
not 10 (nor 20) rather it is 1, because there is only one pair of plots being compared. Any
differcnces observed may actually be caused by other factors such as different elevation
or vepetation type. To aveid the random error of non-replication, multiple plots should
be studied and these should be inside and vutside of several ORV areas.

Correlation

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. [t prevides no evidence
that one factor causes a change in the other. Any correlation may jost as well be from
some unmeasured feature of the environment that affects both factors measured or it may
ke 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 facior (dependent variable). Unfortunately, this is oflen the
only means we have to study phenomena in the natural environment,

Description/Ohservati

Many studies simply describe a particular physical state or phenomenon (e.p.
amount of trash or number of torloises in a study area). The description can be simply
qualitative {e.g., “a lot” or “many”) or may be quantitativc involving complex statistics
(c.g., means, standard deviations, conlidence intervals). Such studies may provide
excellent descriptions, but cannot test for cause and effect relationships.



Anecdote

Generally, a non-quantitative description limited in scope {usually a single
abservation of the given phenomenon) and depth of detail is considered an anecdote, An
example of an anecdote is: “in 1978 1 saw a tortoise eat a balloon.” Anecdotes usually
lack any formal documentation and are most often made by untrained, casual abservers,
but professicnals often report anecdotal observations. Sample sizes arc extremely
limited. Anecdotes are highly risky for basing management decisions because of their
lack of rigor, repeatability, and objectivity.

Anecdotes need to be properly evaluated using sound scientific methodology.
They can often farm the basis for more fonmal obscrvations, hypothesis development, or
experimenlation. QOccasionally, there are attempts to legitimize anecdotes by compiling
many into a single report and atiempting a quantified or statistical treaiment. These are
misguided attempts because the extremc wrakness and subjectivity of the basic data limit
entire analyses: the anecdote. An appropriate expression is “the plural of anecdote is not
data” {(Green 1995).

Speculation

People will often 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 callcd hypotheses and can help to direcl future conceptual and experimental
pursuits (Resnik 1991).  When assumptions are weak or unstated the guesses are
speculations. An example of a speculation is that fallout from nuclcar tcsts in Nevada in
the 1950s is responsible for the prevalence of disease in tortoises today. There is na
evidence that fallout from nuclear testing can cause the diseases harming tortoises and no
reports detailing the amaunt of fallout that occurred in tortoise habital. There are no
attempts to correlate probable fallout amounts with incidence of disease. The assertion is
strictly a speculation because, on the face of it, it makcs some sense.

Speculations may be scductive; often they present a series of progressively
dependent statements that have an internal logic of their own. The logic may appear
compelling and is ofien bolstered by attempts to provide "proof™ through analogies. Such
argumentation ofien collapses when primary assumptions are nullified or when they are
tested against real dala, but too ofien the test is never made. Although they may
sometinmies farm the basis for hypotheses and experimcnts, 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 catepories with varying probabilities of adequate
reliability and validity. The source of data pravides some indication of its quality,
However, it is possible that a particular conclusion based on data from a less reliable



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 Ogen Literat

Qpen literature refers to arlicles readily available in university and public libraries
and published in professional, publiciy available outlets. Easy availahility allows anyonc
to ohtain and evaluate the data on which decisions are made.

Peer review is a comerstone of the scientific process. Rigorous peer review has
two essential components: 1) thorough review by two or more scientists (generally
anonymous) knowledgeable on the topic and 2) the possibility of rejection if the repor
does not meet generally accepted scientific standards. The latler component is an
important feature that is lacking in less reliable data sources. The review process helps 1o
ensure (but does not guarantce) that: 1) 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 methnds
followed maodern scicntific 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 supporiing or contradicting the siudy'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 Deserl Tortoise Council is now implementing an
external review process for its annual symposium proceedings.

Technical Books. Tt | Dissertati

Most technical books are peer reviewed, but often without the true possibility of
rejection. They are often reviewed hy an in house editor or panel of editors who may or
may not be experts in the particular field. Opinions difTer on whether master's theses and
doctoral dissertulions should be considered peer reviewed, They do not undergo the same
blind review that papers in scientifie journals do, hut they probably receive a much higher
level of scrutiny than most papers. Furthermore, there is much more at risk if the thesis
or disserlation fails review: the student is not awarded the Masters or Ph.D. In this
report, they arc trcated as technical hooks being reviewed by a panel {i.e, the student's
graduate committee).

- i iler:

Articles from this source are oflen used to support decisions or recommendalions
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 the field they are writing about or are not scientists, Additionally, there is
often no attempt at a logical, unbiased, rationally supported presentation. Oceasionally,
special interest groups that are pushing a specific interest and land ethic (e.g., Audubon
Socicty, Rangelands, Desert Tortoise Council) publish cutlets ciled.

By definition, non-peer reviewed sources do not follow the established methods
of peer review: there is usually no independent, objective evaluation of the dala
presentation and no guarantee that articles will be rejected if they fail to meet accepted
scientific standards. Oflen 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 “torlonises depend on cow dung for nuiritional needs™
are made without details about how the author determined if 2 vehicle killed a tortoise,
how often tortoises actually eat cow pies, or what are the nuiritional needs of tortoises.

Most proceedings of meetings (e.g., past issues of the Proceedings of the Descrt
Tortoise Council Sympasium -) 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 comtain 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
newslelters of professional societies {e.g., Bulletin of the Ecological Society of America,
Rangelands).

Technical Reports

Technical reports are generally written by agency and contract scientists and
hiologists 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 biclogists do not have the time, opportunity,
encouragement, need, or training to publish their data. Sometimes reporls 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 reporls may not be subjected to review by competent scientists and are rarely
rejecied. “Draft” reporis may never be finalized and become widely used even though
they may bc incomplete or fatally flawed. Because they do nol 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 consullants are variable in
guality. Many are well designed, researched, and written and draw adequately on the
existing body of scientific knowledge, Others demonstrate a lack of knowledge of
torteise biology and common management practices; fail to properly cite previous
studies, particularly when contrary to the conclusions or recoinmendations being made in
the report; make recommendations that are untested or unwarranted; and have not been



peer reviewed. Suoch 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 nat tested for their efficacy.

Unpublished Data

There are many data sets {e.g., raw data, tables of camnpiled data, GI5 maps, cte.}
that are cited and used even though they may not have been checked for errors, analyzed,
or adequately documented {¢.z., data collection methods may be unknown). Reliance on
such data for making decisions is risky particularly when there is no decumentation (e.g.,
metadata) of how the data were collected and limitations of the data are nat discussed,

Professional Judgement

When the proper research has nai been conducted or completed, or lime or
experlise is not rcadily available, managers ofien rely on the professional judgement of
s(afT biologists or other scientists. Reliance on professional judgement requires managers
to use data that are unreliable if only because they cannot necessarily be independently
evaluated or examined. The judgement may involve unsupporied 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 ablc to
separate pood from poor judgements because there is generally too little information to
evaluate. Judgements solicited fraom scveral competent professionals is advisable when
possible. Also, the prolessionals chosen to provide input should provide citatians and
critical analyses of the data they are using to make the judgcment. They shauld clearly
state where the strengiths and weaknesses in their judpements lie. Following steps like
these can help to ensure the value of professional judgement.

Science Lore

Science lore, best defined as being the collective 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. Facls
entrenched in science lore are not necessarily incorrect. They are unreliable because the
connection between the hard data and the interpretation may be unknowo. Common

sources of Science Lore include Television programs, hobbyist journals, newsgroups, and
casual conversations with professionals and laypersons.

A common examnple of Seience Lore is the statement that “lortoises live to be 100
years ald or more.” This may be frue, but in fact the oldest tortoises for which any
documentation exists were hwo captive anitnals; ong was at least 67 years old and maybe
in its mid seventics and the other was probably at least 74 and maybe older {the former
was adult-sized when first captured 32 years earlier, Jennings [981; and the later was
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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 averape or
maximum longevity. In the pair of studics usually cited as evidence for long life, six
murked 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 aver 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), Germano (1992) cstimated that most desert torteises 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 pers.
comm. }.

The onus is on the scientific community to identify statements that fall into this
category. Researches should then investigate the underlying assumptions, find or collect
supporting or refiing data and publish the results. Then, fact-based science lore can be
clevated to known facts, and unsound lore can be modified or dropped frotn 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 componenis
of the final decisions can be clearly separated fromn the value-based componcnts.

Two Final Caveats

The citation of drafl reports or completed but vnpublished ones is not normal
scientific practice. Because this is a ¢ritique of all data that may be relevant to decision
making for the West Mojave Plan, drafl 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 observations that are highly
speculative or made by laymen, sometimes only in casual conversation. These were
included here because they ave ofien pervasive parts of the lore of the tortoise or desert
communities and deserve some evaluation even if they were not made in scientific
literature.

DESERT TORTOISE BIOLOGY

Knowledge of many characteristics of the basic biclogy of an organism is
essential for making informed decisions conceming the management of that arganism.
Many aspects of tortoise biology are well known. The reader is referred (o the following
papers for general summaries of what is known: Berry (1978), Hohman and Ohmarl
{1980), Bury (1982), Bury and Germano (1994), USFWS (1994), Ernst et al. {1994),
Grover and DeFalce (1995), and Boarman (2002). Mo comprehensive gritical sumrmary




of tortoise biology exists and is sorely needed. A recent summary of anthropogenic
impacts 1o desert habitat is Lovich and Bainbridge {1999).

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 torloises {e.p., road mortality, illegal collecting, disease, predation).
Indirect threats affect tortoise populations through their effect on other factors, primarily
habitat (e.g., drought, hahitat altcrations from livestock grazing, recreational activities,
global warming, ete.). Direct threats arc usually more easily measured and therefore
more easily evaluated than indirect effecis.

To dctermine the impact of a specific threat on lortoise populations, it is
insufficient to measure the threat solely (e.g., number of cars or density of mines in an
area.) One must determine the effect the threat has on some aspect of tortoise
reproduction or survival. Many parameters of torioise biology can bz measured when
attempting to determine impacis of threats. Sometimes, the casiest and most intuitive
response is inortality. It is difficult to deny that a motorized vehicle killed a fresh,
sinashed torioise found on u paved highway. When torloises die they leave hehind a shell
that can last for four years or mare (Woodman and Berry 1984). Oficn that shell bears
evidence of the cause of dcath {c.g., looth marks, conchoidal fractures, fracturc from
blunt trauma, etc.). However, interpreting these signs is subjective and little scientific
work that can aid intcrpretation has been conducted (but see, Berry 1985, 1986a) and
most assumptions made in interpreting the evidence are not reporled. Reproduction is
mare 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 et al. 1986, 1987Db; 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 measurc (c.g., Turner et al 1987b, Morafka 1994). Growth (Medica et al.
1975, Germano 1988, Turner et al. 198(, Patterson and Brattstrom 1972), behavior (Ruby
and Niblick 1994, Ruby et al. 1994), and physiology {Nagy and Medica 1986, O'Connor
ct al. 1994a, Christopher et al. 1994) vary with environmental conditions and may be
pseful parameters for measuring the effect of impacts, but their efficacy at doing so has
yet to be demonstrated. Modeling population demography (i.€., age-specific survival and
reproduction}, when using accurate measures from the population, can be an exccllent
way of evaluating the effects of threats and management actions on population growth
{Congdon <t al. 1993, Heppell [998).
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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 determine the cause of death of
animals and it is even harder to determine haw much decline is really attributable to the
various indirect causes af martality (2.p., habitat alteration). Educated guesses can be
made abaut causes of death {Berry 1984, 1985, 1986a, 990 as amended), but most of the
methods used have not been described or subjected (o experimentation, independent
evaluation, or peer review. Second, not enough is known about several potential threats
to cvaluate their absolute or relative impact. For example, it has been supgested that
toxic chemicals may be responsible for a disease of the shell alfecting some populations.
However, it is not known if chemicals are 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 mortality is an important factor for
populations along highways; it may drain populations two miles or more away {von
Seckendor[T Hoff and Marlow 1997). On the other hand, for populations away from
highways, this may bc a very low or non-existent threat. Regional differences oceur, also.
Urbanization and development are major factors in portions of the west Mojave, but are
probably relatively unimpoitant in much of the east Mojave {outside of the Las Vegas
and 5t, George areas). Finally, as discussed above, Tactors that caused the declings (e.g.,
discasc) may not be lhe same factors that are preventing recovery (e.g., genatic of
demagraphic consequences of small populations, fragmentation, and raven predalion).
Far all of these reasons the controversial and subjective task of ranking impacts was
avoided here.

Specific threats are casy to discuss and identify, but more pervasive problems
oflen exist when multiple threats interact to make for larger environmental problems.
The three largest of these broader impacts affecting tortoise populations arc habitat loss,
degradation, and fraginentation; urbanization and development; and access by humans to
lortoise habital. I will first focus on specific threats then discuss three broader, more
cumnulative types of threats. There are virtually no puhlished studies looking specifically
at the elfect of these general factors on tortaise populations.

Agriculture

Prohably the greatest affect agriculture has on tortoise populations is through loss
of habitat: when tortaise habitat is converted for agricultural use it becomes mostly
unusable by torloises for foraging or burrowing, Indirect impacts could include
facilitation of incrcases in raven population, drawdown of water table, production of
fugitive dust, possible introduction of loxic chemicals, and intreduction of invasive plants
along comidors and when the fields go fallow.

1 found no substantiated references in the literature indicating that desert 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 accnunt {rom untrained

-1 -



observers of “torloises eagerly eating alfalfa™). Bemy and Micholson {1%84a) cited one
anecdotal report from an individual with unrcporied credentials as evidence that
“torloises ave Known to enter...alfalfa fields” (p. 3-21). Disking, plowing, mowing, and
haling would destroy burrows and kill tortoises {as they do the marginated tortoise, 1
marginata, in the Mediterranean region; Stubbs 198%). 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). Agriculiural ficlds probably are imporiant 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 resulting in more ravens sutviving the
summers and winters (Boarman 1993, unpubl. data). See “Predation,” below, tor more
discussion.

Pumping of ground water for irrigation can result in 2 major change in vegctation
or habitat type. Kochler (1977) rcported that the drawing of water for irrigation from
Koehn Dry Lake, near Cantil in the Westerm Mojave, lowered the water table by 240 {i
between 1958 and 1976, Berry and Nicholson {1984a) state thal this lowering of the
watct table has approached the Desert Torroise Natural Area (DTNA) and imply that it
may affect tortoise habitat, although no data were presented to supporl the implication,
Closer inspection of the maps provided in Koehler (1977) show that the water-level
declinc is lower (30 - 180 i) near tortoise habitat south and southeast of Koehn Dry
Lake. There are no data to indicate what effect this lowering of the water 1able has on
mesquite, other vegetation, or torloisc habitat in the area, but there arc data on the effect
water table lowering has on mesquite in olher anid regions (Nilsen et al. 1984),

Agricultural fields cause dust storms, called fupitive dust (Wilshire 1980).
Fugitive dust coats plants, which in turn nay reduce photosymthesis and water-use
efficiency (Sharifi et al. 1997). The end result is lower productivity of forape plants.
Their study did not speeifically look at agricultural dust, but the results are probably
gencralizable.

The finding of “hundreds of. .tortoise shells” {(with no indication of how long the
woroises had been dead) was reported anecdolally and second hand by Berry 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 are no references to possible toxic effects on torloises of
pesticides, herbicides, and otber chemicals used in agriculturc. Pesticide use, particularly
aerial applications apparently are now very limited in the desert.

Collecting by Humans

Humans collect turiles and torloises for several reasons, and these aclivities are
responsible for population declines in several of the threatened and endangered species
throughout the world (Stubbs 19%1). Cellecting desert tortoises for pets was probably a



major activity in the recent past (Berry and Nicholson 1984a), although nost evidence is
anecdotal in nature. Since 1961, it has been illegal under State law to collect tortoises in
California and since 1989 collecting has been a Federal offense (LUSFWS 1994). The
Desert Tortoise Recovery Plan (USFWS 1994) cites several documented instances of
illegal collecting more recent than those in Berry and Micholson {1984a), including the
unauthorized removal of marked study animals from known study areas. [t must be
cautioned that seme of the examples cited in the Recovery Plan are circumstantial or
speculative. For instance, Stewart (1993) reponted one strongly supported {tortoise found
in a car in Idaho) and one speculative {transmitter and human {ootptints found on ground
and tortoise was missing) example of poaching. Berry (1990 as amended) gives purely
speculative and circumstantial evidence for peaching (namely, marked drop in estimated
density on a study plot over a 3-year period with relatively few carcasses being tound
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 speculativc at prcsent.  Evaluating the extent of the problem is very
difficult because of the eryptic nature of the activity,

A newly documented problem is the collection of wild torloises by recent
immigranls for cultural observances {(USFWS 1994, Berry et al. 1996). Bemry et al.
{1998) reported that 7.7% of tortoise burrows found showed evidence of being cxeavated
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 io facilitate poaching. Howcver, there was no
statistically significant dilference in distance from rosds 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.

Canstruction Acfivities

Construction activities here refer specifically to the generally short-term effects of
actual construction (clearing land, movement of heavy equipment, presence of
construction crews, etc.), The lasting cffeets of the constructed facility, once in place, are
discussed in “Uirbanization and Development,” “Energy and Mineral Development,”
“Ulility Corridors,” and “Habitat Loss, Degradation, and Fragmentation™ sections below.
in many ways, mnost construction projects have similar impacls on torloises and their
habitat, repardless of what is being constructed. Thase impacts may include: loss of
habitat by the project footprint; incidental destruction of habilat in a bufter area around
the footprint; damage to soil and cryptogams on the periphery; incidental death of unseen
teroises along roads, beneath crushed vegetation, or in undetected burrows, destruction
of burrows; handling of tortoises; cnirapment of tortoises in pits or trenches dug for
tranzmission or fiber oplic lines, water, and eas pipelines and other utilities; atraction of
ravens and facilitation of their survival by augimenting food or water; and fugitive dust
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{Olson et al. 1992, EG&G 1993, Olson 1996). There are litile data on the extent of these
potential impacts. Bul, Olson {1996) reported that a construction of a netural gas pipeline
had the greatest inpact on torteises and habitat, construction of a transmission line had
inermediate impacts, and a fiber optic line was the most benign. The diffcrences 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 torfoises (¢.g., spring). In an
analysis of 171 Biological Opinions issued by the USFWS in California and Nevada,
Circle Mountain Biological Consultants (1996, see also LaRu¢ and Doupherty 1999)
found that the majority of torioise mortality occurred alenig linear construetion projects
(e.g., pipeline, fber optic, and transmission lines) with the extensive Mojave-Kern
Pipeline causing the greater number of deaths (38). Tortoise mortalily also occurred on
mining, landfill, and military projects. The total number of deaths rcported on the
projects was well below the level authorized by the USFWS (5971096 — 5.4%). This
study was strictly an evaluation of known tortoise mortalities occurting during projects
authorized by the USFWS under Section 7 of the Endangered Species Act. [t therefore
hikely underestimates actual torloise mortality {e.p., tortoises buried during construction
or otherwise not found, accidentally killed but not reported, ete.) 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
morality. Epidemic outbreaks of some diseases can become catastrophic, particularly in
small or declining populations {Dabson and Meagher 1936, Biggins et al. 1997, Daszek
et al. 2000). Sometimes disease ean be controlled by wildlife managers by attacking the
pathogen; isolating diseased from non-disecased 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. [t is important to understand disease etiology and epidemiology before effective
maragement 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.
1991) and culancous dyskeratosis affecting the shell (Jacobson et al. 1994). A third
disease, a herpesvirus, was recently identified and may have population-level
consequences, but very litlle is known about il (Berry et al. 2002, Origgi 1 al. 2002).
URTD has been found in several populations that have experienced high mortality rates,
including somne in the west Mojave {Jacohson et al. 1996, Berry 1997). Much is published
in peer reviewed journals about the etiology of this disease, which has been found in
caplive turtles of this and several other species (Jacobsun et al. 1991) and in wild
populations of the gopher tortoise (Gapherus palyphemus; Jacobson 1994). Brown et al.
(1994a) showed definitively that URTD can be caused by a bacteriuin, Mycaoplasma
agassizii. [t is likely transmitted by contact with a diseased individual or Lhrough
aerosols infected with M. agassizii. The orpanism attacks the upper respiratory fract
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 2001). It must be
noted, however, that some of these clinical sipns may also be characteristic of other
health condition such as dehydration, allergy, or infection with herpesvirus or the bacteria
Chiamydia ar Pasteurctia (e.g., Pettan-Brewer et al. 1996, Schumacher et al. 1997).

Malnutrition is known to result in immunosuppression in humans and turlles
(Borysenke and Lewis 1979) and is associated with many disease breakouts. It is
possible that nuiritional deficiency in tortoises caused by human-mediated habitat 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).
Short-term  droughts may temporarily reduce immune reactions and increase
susceptibility to URTD (Jacobson et al. [991), although this i3 speculative. Whereas
animals may become debilitated by chronic immunc stimulation, no biochemical
indicators of stress have been identified in diseased compared to non-diseased turtles
(Borysenko 1975, Grumhbles 1993, Christopher et al 1993, 1597},

Although evidence indicates a correlation between high rates of mortality and
incidence of URTD within populations {Berry 1997), there is litile 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) or testing
positively for (latter study) URTD were no more likely te die over a one year peried 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 ol antibodies against Af. apassizii has been developed and is now being used to
document prescnee and spread of the disease (Schumacher et al. 1993). But, the test, an
enzyme-linked immunosorbent assay (EL1ISA) does not indicate present infection, only a
probability of past exposurz. A polymerase chain reaction (PCR) test, which has been
developed for M. agassizii 1s more effective for determining active infection (Brown et
al. 1995). Lance et gl. (1998) reported that infected tortaises had significantly lower
testosterone and estradicl levels and that diseased femnales tended to lay eges less ofien.
Finally, there is some evidence that animals at the DTNA, where URTD breakout has
been particularly intense, way recover from infection {Brown et al. 1994a, b}
Intcrestingly, Berry (2002} reported (hat none of 119 wild tortoises tested at 9 locations
throughout the California deserls in 2000 and 2001 tested positive for URTD. No
discussion of this result was provided. A thorough epidemiclogical study is badly needed
to identify the factors invalved in the incidence, spread, and virility of the disease in wild
populations {D. Brown pers. comm.).

A shell disease, cutaneouns dyskeratosis {CD), has been identificd 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 anto the
scutes. This diseasc may be caused by the toxic effect of chemicals in (he environment,
hut evidence is lacking to test this hypothesis. Naturally-occurring or human-introduced
toxins such as selenium, chlorinated hydrocarbons, crganophosphates, nitrogenous
compounds, and alkaloids bave all been implicated {Homer et al. 1998), but there are no
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data showing a direct link. The disease may also be caused by a nutritional deliciency
{Jacobson et al. 1994). It is not known whether or not CD is caused by an infectious
pathogen or if secondary pathogens act to enhance the lesions (Homer 2t al. 1998, Homer
pers. comm.). [t is unclear if the disease is actually lethal or responsible for declines in
infected tortoise populations (Homer et al. 1998). Only one documented case ot CD from
the West Mojave Deserl 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
cartelation between elevated levels of metals in organs of ill torloises and in the soil
where the tortoises came from. Ifthere is a link to human aclivities, then we can consider
solytions that would reduce levels of input of the loxic chemical. However, this link is
currently highly speculative,

There is some recent, albeit weak, preliminary evidence linking heavy metals to
disease in tortoises. In necropsies of 31 mastly ill tortoises, Homer et al. {1994, 1996)
found elevated levels of potentially toxic metals and minerals in the lives 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 sludy is strictly correlative, and fails to demonstrate a cause and effect
relationship.  Betry (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 the data
presented in Homer ct al. {1994, 1996} and cited in Berry {1997) reveals a remarkably
low association with only 1 out of 12 tortoises with CD having at least one ioxicant
concentration greater than two standard deviations ahove the mean. Four other animals
also had unusually high levels of at least one toxicant, but did nol suffer from CD.
Furthermore, Homer et al. {1994, 1996) identified abnormally high levels ag being those
concentrations that are pgreater than iwo standard deviations from the average
cnncentration found in the 31 tortoises. In a normally distributed set of 20 randomly
selected values, 1 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. Soif 100
comparisons are made, then 5 levels will be considered abnormally high or low just by
chance. In the stody, 689 valucs would be reported, thus 34 (or 35%) would be expected
to be greater than twice the standard deviation from the mean just by chance. 1n fact, 32
were identified as falling outside this range of two standard deviations. These data arc in
need of a thorough statistical analysis. Homer (pers. comm.) has found sipoificantly
higher levels of iron (in liver) and cadmium {in kidneys and liver) of tortaises with
URTD compared to those in a control group. [t is not known if the levels identified by
Homer et al. (1994, 1996, pers. comm.} as being abnormally high are biologically
signiticant. Homer {pers. comm.) has found significantly reduced levels of calcium in the
livers of tortoises with CD, which suggests a nutritional deficiency may be involved in
the disease.
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Several other diseases and infections have been identified in desent lortoises
{Homer et 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. 199%8).
Thete is no evidence to suggest that any of these diseases are at this time widespread,
thrcatening population stability, or hindering population recovery.

Beyond taking precautions to avoid spreading the disease when handling many
animals (Rosskopf 1991, Berry and Christopher 2001), educate the public against
releasing potentially-diseased captive animals (Berry 1997), include only healthy
individuals in franslocation efforts {Brown 1994a), the practical management
implications of the disease data are unclear.  Tully (1998) states, without explanation,
that URTD infections are not likely to be controlled by immunizations. Improving
habitat conditions may help reduce strcss-induced immunosuppression (Brown 1994a),
but the link between stress frum poor habitat quality and susceptibility to URTD is only
speculative,

Drought

A drought is an extended period of abnmormally low precipitation.  Unlike
kangaroo rats and some other desert veriebrates, tortoises acquire much of their water,
and maintain and overall positive energy balance, from standing sources (Petersan 1996),
(’Connor et al. {(1994a) showed that water deprivation in a group of scmi-wild tortoises
caused higher levels of physiological stress (using several blood assay profiles) compared
to a group of semi-wild torloises with water supplements and a group of frec-ranging
tortoises. Peterson (1994a) recorded abnormally high levels of mortality in two torioise
populations (west and east Mojave) during a three-year period of an extended drought.
The dcaths in one population (Ivanpah Valley) were attributed to drought-induced
starvation and dehydration and occurred in the third year of study. Ken Nagy [pers.
comm.) has statcd 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
occurted throughout the three-year study, at the DTNA was coyole predation. The
cayotes may havc switched to the less desirable toroises following hypathesized
drought-induced reduction in coyotes” normal prey {black-tailed jackrabbits; see also
Jarchow 1989). Altemnatively, tarloises 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 cgg-laying altogether in low-rainfall years (Tumer et al. 1984, Lovich et al.
1999). Avery el al. (2002) documenled higher survival and reproduction among females
at higher elevation site that received morc rain than a lower ooe in Ivanpah valley.
Tortoises may survive drought periods by ealiog less nutritious cacti and shrubs {Turner
clal. 1984, Avery 1998).

Much of the descrt cxpericneed short-term drought conditions in the late 19803
(Corn 1994a, Hercford 2002), a period when rapid declines and high montality were
reported in some torfoise populations (Beny 1990 as amended, Comn 1994a, Pelerson
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1994a). However, Carn (199da) reported that, hetween 1977-1989 there was no
correlation hetween winter precipitation and relative abundance ot large {< 180 mm
median carapece length [MCL]) or small (<180 mm MCL) torloises, but there was a
significant correlation between summer precipitation and relative abundance of small
fortaises. Some reporls exist of dehydrated and emaciated fortoises being found [Berry
1990 as amended, Peterson 19942, Homer ¢t al. 1996),

Drought is a normal phenomenon in the Mojave Degert (Peteison 1994a, Hereford
2002). Desert tormoises 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 1997; Nagy and Medica 1986). [t is possible that drought can cause episodic
mortalities punctuated by periods of low morality during years with mere abundant
rainfall. [t is reasonable to speculate that drought-induced siress in concerl with other
threats (¢.g., disease, predation) resulted in signifieant mortality (Peterson 1994a), but
there are littlc data to test this hypothesis. Ao epidemiological study is needed to
evaluate the effect deought has on tortoise populations.

Energy and Mineral Developments

Energy and mineral development includes: presence of utility lines, transmission
lines, and gas pipekines; development of Jand for oil and gas leases; geothermal and solar
energy gencration; and digging exploratory pits for and extraction of minerals. Impacts
from energy and mining developments can include habitat destruction and direct
moriality 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 affected by encrgy and mining is difficult to
assess because the data are not readily 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 dircctly impacted by mining operations or leased for geothermal
development. However, ne indication was given for how thesc figures were obfained.
Most mining operations are point scurces of disturbance with potentially litile effect
beyond the immediate site of development. The greatest cffect may come from the
cumulalive impact of many relatively simall 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 operalions that depend on ftequent 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 efTects of energy and mineral development on tortoise
populations. Mortalities have occurred in association with mining activities (LaRue and
Daugherty 1999). Hard rock mining, particularly pit mining and operations in dry
lakebeds, 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 test pits, stake claims, and
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evaluale mineral potentials stitl occur (pers. obs.) and needs to be properly documented
and evaluated.

Energy develapment has similar impacts, particularly dircet and indirect loss of
habitat, fragmenlation 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 lincs requires grading of new roads for construction of towers and
maintenance of the lines, and clearing or terracing of habitat for lower placement. Not
only is habitat lost {0.16 to 0.24 mi* per mile of transmission line; Robinere 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 crosion
(Wilshire 1980). The presence of new utility lines, necessary to distribute the electricity,
may help facilitate nesting by ravens in specific areas they did nit nest in before, if those
areas did not have adequate nesting substrates before the ncw towers were erected
(Boarman 1993, Knight and Kawashima 1993), For more discussion, see “Lilisy
Corridors™ section, below.

Aside from loss of habitat and other conscquences associated with access roads
and transmission lines, there is little evidence (hat energy generation negatively impacts
torloise populations, If designed and managed properly, wind generation may be
compatible with tortoisc populations (Lavich 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 reserve that minimized several other harmful human activities
such as ORV travel, vandalism, and iltegal collections. The only study found on selar
energy impacts showed that here were only very small changes in air temperature, wind
speed, and evaporation rates downwind from a solar power plant in the westem Mojave
Desent {Rundel and Gibson 1996). They did not study impacts to tortoise populations.

Fire

Fire, once considered a rare event in the Mojave Desert {Humphrey 1974), now
occurs with ever-increasing frequency causing a preater threal 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 sphit prass
(Schismus barbatus and 8. arabicus), which provide fugl for fires (Brown and Minnich
1986, Brooks 1999b). These plants help to spread fire hecause they are ofien common,
tend to grow in large relatively dense mats, and fill the intershrub spaces, which are
largely devoid of native vegelation (Brown and Minnich 1986, Rundel and Gibson 1996,
Brooks 1999b). Fires cause dircet montality when tortoises are burned or inhale lethal
anounts of smoke, which can happen both in and out of burrows. Documented cases of
torlaises being burned by fires are uncomrmon, but do oceur {e.g., Woodbury and Hardy
1948 - circumstantial, secondhand account of 14; Homer et al. 1998, reports |; Esque et
al. in press, reports 5, which is 4-13% of the study population; Lovich, pers. comin.,
found 1). Fires are probably most hazardous to torivises when they occur during the
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active seasnn for tortoises (e.g., spring in the West Mojave). Previously rare, {requency
of spring fires are now on the increase {Brooks 1 998).

There are several possible indirect impacts of fires. Fires remove dry and some
living forage plants. They (acilitate proliferation of non-native grasses (Brown and
Minnich 1986, Brooks aod Berry 1999). The effect this has on torloises is as yet
unreselved. There is some evidence that torloises may selectively aveid exotic grasses
{Jennings 1993, Avery 1998}, but Esque (1994] showed that torloises may choose 10 eat a
majority of non-native plants, particularly in drier years. The physiological consequences
of foraging on non-native grasses is also not 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
lopse water when cating them. Avery (1998) also showed that tortoises eating only split
grass lost weight, assimilated less protein, and were in a ncgative nitrogeu balance,
whereas those that were fed a native forb (Camissonia boothii) maintained their weight
and experienced a positive nitrogen balance. Those tortoises that fed on both plat types
maintained their weight but expetienced a net loss of protein. By removing vegelation,
fires may alter the thermal environment by increesing temperature extremes experienced
by seeds, plants, and burrowing torloises (Esque and Schwalbe 2002). Soil erosion is
enhanced by the loss of siabilizing vegetation, roots, and cryptogamic crusts (Ahlgren
and Ahlgren 1966). Fires fragmeni tortoise habitat by creating patehes of unusable
habitat, at least over the short term. There is some evidence of an increase in availability
of nifrogen 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
vegelation 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 sitructural 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 soine native forbs, including ones preferred by tortoises, were also
higher in bumed 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 reporied on 3-5 years post-bum; no data were presented on possible long-
term successional chaoges or recovery. Dense cover by annuals, particularly introduced
grasses, provides higher fuel loads, which results in more fires that are also helter (Brown
and Minnich 1986, USFWS 1994, Brooks 1999b).

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 mi” per year (USFWS 1994). The increage
in number of lires per year over the ten-year period was statistically sipgnificant. Tracy
(1995) reports that fires oecur much more frequently near roads and towns, but no data
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were presented in this abstract. Duck et al. (1995) rcported that tortoises may be killed
by fire-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.

Thraugh its destructive eflect on woody shrubs, fire has been used to manage
{i.e., improve for cattle foraging} desert grasslands. In desert grassland of southem
Arizona, fire removed 9-90% of targeted shrubs (i.e., mesquite, Prosopsis julifiora;
burro-weed, Aplopappus tenwisecrns, prickly pear cactus, Opuntia occidentalis; and
cholla, Opmtia sp.; Reynolds and Bohning 1936). 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 eflectiveness at improving habitat for torloises been tested.

Garbage and Litter

Garbage illegally dumped in the desert 1s unsightly, may cause local habitat
alteration, and may aflect individual tortoises. [ndeed, 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 alse reports finding foil and glass chips in tortoise scat. No details were
provided, There are no data to suggest that litter is a widcspread ot major problem for
tortaise populations. The reiationship between organic litter and raven predation on
torloises is covered under “Predation,” below,

Illegal dumping of hazardous wastes is an inereasing probletn 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 elevaled levels (see “Disease™ section,
above) of ceriain metals (e.g., cadmium, copper, molybdenum, mcreury, lead) have been
found in the tissues of deserl Lorloises (Homer et al, 1994, 1996, 1998). The distribution
and limited size of illegal dumps and hazardeus spills suggests that this is a minor
problem for tortoise populations as a whole, but they may be of concern on a localized
hasis. Mctals and other pollutants may enier the environment from other sousces
including mining and air pollution, but their effcets on tortoise populations remain
speculative,

Handling and Detiberate Manipulation of Tortoises

Handling and deliberatc manipulation of torteiscs includes curious menbers of
the public picking them up and sometimes removing them from the wild, biologisis
relocating and translocating them to new sites, pet owners releasing captive tortoises info
the wild, and researchers manipulating torioiscs for scicntific cxperimentation. The
effects can be manifold, depend on the type of handling, and remain largely unstudied.

Members of the public will someatimes pick up torioises when they find them on
roads or alongside trails. They do so out of curicsity or to remove thc animal from
harm’s way (Ginn 1990, picking up & toroise Lo cause herm is covered in the
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“¥andalism™ section, below). Any such handling or even disturbance of a tortoise is
iliegal under the Endangered Species Act, although it is unlikely that USFWS would
prasecute a persan wha moves a tortoise aut 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 torioises 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 thal handling-induced voiding may jeopardize
survivability, although usually relatively small amounts of fluid are discharged. Smaller
animals were mote likely to void, hut, if the animal was recaptured at a later date, ils
arowth 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 o
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 mure experimentation.

Other problems with handling tortoises can occur, Diseases might be transferred
between toroises if people handle more than one toroise 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 toroise to look at its underside will
harm its internal organs, break eges, or cause shock (Rosskopf 1991), but there is no
cvidence to suppor this contention. It may be detrimental to a handled tonoise if it is
released outside of its home range, far from known burrows, or away from shade (e.g.,
Stewart 1993). This could be particularly hazardous during hot, diy weather ar late in the
aflemoon, but again no dala exist to support this likely speculation. Finally, the
disruption of behavior by handling or just approaching the tortoisc could be harmful if the
disruption causes the animal to withdraw inse its shell long enough ta prevent it from
being able ta eat, drink, ar retrcat to a safe cover site {c.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 toroise is likely low, unless
disruptions occur extremely frequently. Torwises can go many months without eating or
drinking {Peterson 1996), so a few minutes of disruption is not likely to alter their
nitrogen, energy, or water balance. All of these claims veed further study fo subslanuiate
their validity.

Relocation of animals to a new area is (requently recommended, and is
occasionally implemented to save tortoises from construction and other ground disturbing
activities.  Possible problems with translacation efforts include increased risk of
mortality, spread of disease, and reduced reproductive success. There have been a few
studies of the eftectiveness of relocation efforts, and most of the relocations generally
have been marginal to unsuccessful. A study summarized in Berry {1386b) 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 five retained for 15 months to 6
years. Few morlalities were observed, but many disappearances from unknown causes
occurred; these animals may have died or wandered away. In another relocation effoen,



1% {10/11) slayed 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 afier 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 (Stewarl
1993). At least 25% (4/16) died within about 2.5 years. A fourth relocation effort was
conducted in Wevada. Several tortoises were moved to an area immediately adjacent to a
development site (Corn, 19%4b, 1997). These 13 animals were moved to areas 2 km
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
rcgidents, A preliminary analysis 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 torioises; 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 projcct translocating tortoises many miles from their capiure site
apparently is showing success, but no reports or publications {other than abstracts) are
available. Apparently, survivorship and reproduction are equivalent between relocated
tortoises and resident tortoises (Nussear et al. 2000). Relocated tortoises did inove more
during their first year in the new site, but afler that their movements were nol
significantly different than thosc of resident torloises. Tonoises released in Ulah also
maved more Lhan 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 deserl tartoise relacations probably depends on distance of
relocations, habitat quality, density of host population, rainfall, and health condition of
the relocated and hast animals.

Probably tens of thousands of dcscrl tortoises are held in captivity throughout
southem California, Nevada, and elsewhere, some were taken from the wild, others were
reared in captivity. There are several documented cases of caplive torioises being
released into the wild (Howland 1989, Ginn [990), an activity that is now illegal.
Release of captives may be detrimental to both captives and resident tortoises. Released
captive tormoises may dic (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 adaplations necessary to
survive in the particular area. However, 25 formerly-captive torlolse were released in
Nevada (Field et al. 2000). The animals were equipped with radio transmitters and
followed for 14 months, The unpublished results indicalc that movements and weights
did not dilfer between released and resident tortoises. Ne adults dicd (released or
resident) and 2 (out of 8) released juveniles died compared to neither of the twao residents
studied.

Of greater concern for the stability or recovery of tortoise populations is the
possible impact of the released captives on resident {host) torfoiscs. The greatest likely
cffeet is the introduction of disease to the wild population. URTD, the disease presently
believed by many to have detrimental effects on several wild toroise populations {see
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“Disease” secticn, above), is commonly found in captive tortoises (Bemy 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 cvidence 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 pers. comm.).
However, data on the rangewide incidence of discasc have not been peer reviewed and
are not gencrally available, so it is not possible to evaluate this hypothesis.

Deserl torloises 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, torn name a
few. All manipulative research involving desert tortoises must be permitted by USFWS
to ensure that risk of harm to the toroises is minimized. USFWS closely evaluates
mcthods and qualifications of researchers before issuing a permit. There is very lidle
written on the effects of research manipulation. In a preliminary analysis from one study,
Weinstein {1993) reported that signilicantly fewer animals whose blood was sampled on
a regular basis subsequently died compared te those whose blood was not sampled. In an
evaluation of the possible effects of ane rescarch tool, Boarman et al. (1998) summarized
from the literature on possible impacts to turtles of different ways of atlaching radio
transmilters. They concluded that there is little evidence of negative impacts of
transmitters on turlles and particularly tortoises. Their concluded this parily because of
paucity of published accounts of problems experienced. There are a few undocumcnted
reports of individual animals dying froin cxcessive bleeding following blood extraction
and possible cxcessive moriality af animals that had blood exiracted 3-4 times per year
for several years, but none of Lhis is reported in the literaturc and thus remains anecdotal.
Kuchling (1998) hypothesized that X-rays, used to measure reproductive success, are
hazardous to turtles. Using empirical data, Hinton et al. (1997) argued that x-rays are
safe when extremely low dosages of radiation are employced, which can be accomplished
with use of rare carih 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 toroise
habitat in the west Mojave Deserl are cheatgrass (Bromus tectorum), red brome {faxtail
chess, Bromus madritensis rubens), split grass (Sefismus barbutus, and § arabicus),
redstemn filaree {Erodiwm cicutariipn), Russian Lhistle (tumbleweed, Safsola fragus),
Sahara mustard (Brassica tourncfortii), and fiddleneck (Amsinckia resseflara; Kemp and
Brooks 1998). 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 bul 3 species
{red brome, split grass, aod redstem filarce) comprised 66% of all annua! plaot biomass in
one wet year (Brooks 1998, 2000). Other less common weedy specics are listed in
USFWS (1994, p. D21) and Kemp and Braoks (1998}
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Invasive grass species (e.g., split grass) tend to have thin, filamentous roots that
spread guickly and easily through shallow compacted soil where the surfuce crust has
becn 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 often 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 fiddleneck {Brooks 2000), indicating
that competition may be occurring and that the native plants are less availabie 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 te proliferate in areas of disturbance (Hohbs
[989), but the effect of disturbance may be weak compared 1o that of rainfall and seil
nutrient levels. Density or biomass of wecdy plants in the Mojave Desenl may be higher
in areas disturbed by ORVs (Davidson and Fox 1974), liveslock (Webb and Stielstra
1979, Durfee 1988), paved roads {Frenkel 1970, Johnson et al. 1975), and dirt roads
{Brooks 1998, 1999a). [n a sirictly correlative study, Brooks (1999a) found that the
biomass of two annual exatic plants was weakly associated with levels of disturbance
{disturbance was from ORVs and sheep grazing). 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 proportion of exetic annuals was
greater in years with low annual rainfall).

An additional factor that may facilitate proliferation of alien plants is increased
nitrogen depaosition trom airborne pollutants (Allen ct al 1998). Witrogen, in the form of
nitric acid and nitrate from automobile exhaust, deposits on plants and soil downwind
from urban areas (Fenn et al. 1998) and perhaps from roads. Brooks {1993) has shown
experimentally that the addition of nitrogen to west Maojave 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-bascd cxhaust has on desert
vegetation has not been established.

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 differense in
nutriticnal quality may have more to do with the type of plant (e.p., grass versus forb,
Nagy et al. 1998) or annual differences in nutritional quality related to precipitation
{Oftedal 2001). For example, the non-native split grass, which is often eaten and
sometimes preferred by tortoises (Esque 1994), has been shown empinically to deplete
tortoises of nitrogen and phosphorus and water and cause weight losses (Avery 1998,
Magy et al. 1998, Hazard et al. 2001}, but so does the native Indian rice grass
{Achratherum fymenvides, Nagy et al. 1998). Avery (1998} also demonstrated that split
grass was lower in avcrall quality, crude protcin, essential amino acids, water, and
vitamin concentrations and higher in fiber and heavy metal concentrations than three non-
erass species measured {one introduced and two native forbs), The introdused forl,
redstem filaree, had higher aluminum and iron concentrations, bur was otherwise simiiar
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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 torroises, tortoises would have
10 eat the lower quality invasives, and Lhey would then suffer from a nitrogen and
phosphorus {or other nutrient) deficiencies (Hazard et al. 2001). This speculation
requires further testing.

Mechanical injury from invasive prasses has been observed with instances of the
sharp awn of Broaus rihens 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 haove on torloises was discussed in the "Fire" section, above.

Landfills

There are approximatcly 27 authorized sanitary landfills and an unknown number
of unauthorized, repularly used duinpsites in the California deserts. In the West Mojave
Desert, there are 1! authorized landfills, The potential impacts landfills have on tartoise
populations include: loss of habitat, spread of garbage, introduction of toxic chemicals,
increased road kills from wvehicles driving to or from the landfill, proliferation of
predatory raven populations, and possible facilitation of increases in coyote and feral dog
populations. Other than for raven predation, there are virtually no data to evaluate most
of these passible Lhreats.

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 tortaise populations {sec “(iarhage 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 toxing from sanitary landfills are likely to
have very little effect on tortoige populations. Modern 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 probahly
affect a very smnall proportion of turloises. Landfills do penerate methane gas, but
because deserl land[ills are so dry, the generation of methane is extremely low and not
likely to affect tortoises. Fugitive dust is probably a localized problem and pgencrally
minimized through frequent sprinkling of the ditt. Increase in road kills is probably
proportional to the level of traffic, speed of vehicles, density of tortoises, and length of
road. For mast Jandfills, these factors are relatively low, so0 the impact of road Kills on
tortoise papulatioas from vehicles going to landfills is probably relatively minor, but they
do happen (LaRue and Dougherly 1999). However, several landfills are slated to be
closed and converted to transfer or community collection stations. The garbage would be
deposited into dunpsters or large compactors at these stations, then transported to 2 small
number of larger regional landfills. This activity could increase the amount of traffic at
these fewer landfills therehy increasing the number of road kills.

The greatest potential impact landfills have on tortoise populations is through
their probable role in facilitating increascd predation by ravens, and perhaps coyotes.
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Ravens make heavy use of landfills for food (Engel and Young 1992, Boanman et al.
1993, Kristan and Boarman 2001). 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, morc ravens arc present at the beginning of their breeding season
(February - Junc) 10 move [nto tortoise habitat, nest, raise young. and feed on tortoiscs.
Healthier ravens are more likely te raise chicks succcssfully, who in turn will move to the
landfills and experience higher than normal levels of survival, and the ¢ycle continues.
Predetion by ravens is probahly rclatively low immediately around landfills where
torioise populations are relatively low, but increase as ravens disperse to dislant nest sites
{Kristan and Boarman 2001). 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: moriality 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 forape plants), and competition for food.

Reduce Tortoise Densi

There are very few data available to determing il prazing has caused declines in
tortoise populations. The Beaver Dam Slope, Utah, was grazed heavily by sheep until
1950°s and cattle arc still grazing there today {Oldemeyer 1994). Tortoise populations on
the Beaver Dam Slope were eslimaled at 150 tortoises/mi* (Woodbury and Hardy 1948),
but, using very different methods, the population apparcntly dropped to 34-47/mi’ in
1986 (Coffeen and Wclker 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 ct al. 1991). High mortalities and population
declines in Piute Valley, Nevada, have also been attributed fo prazing (Mortimer and
Schneider 1983, and Luke et al. §991), but 1981 was a drought year and a high level of
recent mortalities may have occurred. Such was the case in lvanpah Valley where 1R.4%
of radio-transmittered tortoises died (Turner et al. 1984). [t is inferesting to notc that
there appeared to be more tortoisc mortalities in the section of the Piule Valley study area
that experienced lower levels of recent cattle grazing {Mortimer and Schneider 1983), but
the daia are insufficient to make a definitive judgement. No population trends in
California have been attributed with hard data to livestock grazing.

An alternative hypothesis, propased by Bostick (1990), is that torioise population
declines paralleled declines in cattle grazing throughaut the West that began in 1934 with
the implementation of the Taylor Grazing Act. Unfortunately, therc are no reliable data
to test this hypothesis. But its underlying assumption, that tortoises depend on cattle
dung for protein, has ne emnpirical support (scc “Cow Dung as a Food Source™ section,
below).
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Direct Impacts

CrRUSIHMNG TORTOISES

Some observations of 1ortoises being crushed by livestock exist in the Literature,
but often with little ot no data to allow in-depth evaluation. Berty (1978, p. 28) stated
that “smaller tortoises can be crushed easily by cattle or sheep,” but provided no data to
support the statemeni. Berry (1978, pp. 19-21) also reported that “a small two-io-three-
year old tortoise with a hole through its shel! was found near a temporary watering trough
near the DTNA. It appeared to have been killed hy 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; insufficient information was provided to know if the hole
was inconsisten! with raven predalion. Ron Marlow (pers. comm., cited in Berry 1978)
described the disappearance of a marked juvenile torloise and its small burrow by the
trampling by sheep. Apparently the marked torloise was never observed again, so
Marlow determined 1he sheep killed it. The torloise may have been Killed when sheep
trampled the burrow. However, marked juveniles are ofien never seen again, so the
tortoise either survived or died from one of many eauses. Any one of these anecdotes
may be a true indicator of the nature of tortoise-cattle interactions, but the information
provided is inadequate to allow for rigorous evaluation and are very susceptible 1o
altemative explanations.

Sheep and cattle may not step on tortoises because they are very cautious of
stepping on uneven ground (rocks, bushes, etc.} for fear of losing their footing. This
view is supported by the paucity of documentation of tortaises being crushed by catile
and sheep. Onc published paper (Balph and Malecheck 1985) reported a test of a related
hypothesis: cattle will avoid stepping on clumps ot bunchgrass because the clumps form
an uneven surface that may cause the cow o trip. Cattle signilicantly avoided crested
wheatprass (dpropyron cristatum) tussocks, avoidance was independent of cattle density,
and taller tussocks were less apt to be trampled than shorl ones. Out of 288 hoofprints
recorded, 15 (5%) were on tussocks. This well designed study lends suppon to the
contention that cattle will try to avoid stepping on tortoises, at [cast 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 cafile will avoid
stcpping on food; they have no bearing on the propensity for sheep to step on non-food
iterns (e.g., juvenile torloises).

Sheep, on the other hand, masy step on many juvenile tortoises, but appear to
avoid stepping on subadult and adult tortoises. Tracy (1996) provides an analysis of dala
from an aborled BLM study. Withuut providing details of methods, Tracy {199%6)
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 mudels and about 2% of the adult models.
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CRUSHING BURROWS

No one has rigorously evaluated whether livestock crush a significant propertion
of tortoise burrows. Few cases in the literature document livestock trampling actual
burrows and a small number of studies shows inereased number of collapsed burrows
following grazing. Nicholson and Humphreys (1981) measured impacts of sheep grazing
immediately after a band of 1000 sheep passed through their West Mojave study site for
|2 days. Sheep trampled and partly collapsed a burow with an adult female inside;
apparently the tortoise was unharmed. Sheep completely desiroyed the burrow of a
juvenile torloise while the animal was inside; the field workers extracted the unharmed
tortoise. The burrow of an adult male was damaged probably with na tonoise inside. On
re-examination of burrows found prior to grazing, 4 3% (7/164) were totally destroyed
and 10% were damaped after sheep grazed in the area. Most damaged burrows (86%)
were in moderate to heavily grazed areas and were rclatively exposed. Most burrows
placed bencath shrubs escaped damage (Nichelson and Humphreys 1981). This was an
observational study, Webb and Stielstra {1979) reparted observing crushed tortoise
burraws on the south slope of the Rand Mountains in the western Mojave, but gave no
data or additional details. In a reporl on grazing near the DTHA, Berry (1978} reported
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 tornoise
burrows,” but provided no data, She further speculated that damage 1o burrows might be
deadly to a tortoise that reaches it on a hot moming only to find it unusable. This is a
reasongble expectation based on torivise behavior and thermal ecology, but no suppoerling
data are available. Avery (1997) found significantly more damaged burrows cutside of a
cattle exclosure versus inside and also found that torloises cutside the exclosure spent
more nights in the open, presumably because many of their burrows were collapsed.
There is one accoont of a tortoise burrow being collapsed by a cow in Utah (Esque pers.
comm.). A tortoise was found crushed inside.

Tracy (1996) provided an analysis of data fram 2 unpublished BLM studies on the
etfects of sheep grazing on tortoise burrows: the Tortoise and Burrow Study (TABS
study) and Styrofoam model tortoise study {Goodlett unpubl.). The TABS study (cited in
Tracy 1996) evaluated the condition of tortoise burrows before and after grazing inside
and outside of areas prazed by domestic sheep in the Mojave 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 destroycd outside the prazing area. In the
Goodlctt study (unpubl ; cited in Tracy 1996), 3.7%% (36/969) of the artificial burraws dug
to look like desert tortoise burrows were destroyed after grazing. Significantly more
juvenile and immaturc burrows were destroyed compared to adult burrows and
destruction was greatest in the open spaces between shrubs, The proportion of burrows
destrayed in these two studies and Nicholson and Humphreys (1981} were nol
significantly different (Tracy 1996).



Indirect Effects

A commonly held assertion is that the Mojave desert plant species and
communitics c¢volved in the presence of, and are probably adapted to, a rich fauna of
Pleistoeene herbivores (Edwards 1%92a, 1992b). Therefore, the argument continues,
livestock grazing is compatible with present day plant assemblages, in parl because
Mojave plants respond fo grazing by producing more vegetalive material, thus becoming
more vigorous in the presence of prazing. This argument has several flaws. First, inost
large herbivores that coexisied in the Mojave desert region 10,000-20,000 years ago
likely primarily browsed leaves from woody shrubs. they did less grazing of grasses and
herbaceous annual vegetation, like cattle, sheep, and tortoises primarily do (Edwards
1992a). Second, the maminals of the [ate Pleistocene and Early Holocene Mojave
existed under eonsiderably different vepetative and climatic conditions ago (Van
Devender et al. 1987). A major climatic and vcgctative transition occurred between
11,000 and 8,000 ycars ago. [t was more mesic and the area was not a desert, The present
vegetation assembly, dominated by creasote shrub, did not arrive in the Mojave Desert
tegion until approximately 8000-10,000 years ago (Van Devender et al. 1987). Third, no
one has any idea what density the Plcistocene grazers existed al, s0 grazing intensity is
completely unknown. Thus, there is little justification for arguing that torloises evolved
in the presence of grazers and their survival is thus dependent on catlle, as a surrogate for
Lheir coevolved grazing species.

SOIL COMPACTION

Grazing can afTcct soils by increasing soil compaction and decreasing infiltration
rate, the capacity of the soil to absorb water. A lower infiltration rate mcans less water
will be available for plants and maore surface erosion may occur. In a review of studies
investigating the hydrologic effect of grazing on rangelands, Gifford and Hawkins [1978)
concluded thal grazing al 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%s 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 affects vegetation by reducing water absorption (thereby
availability to plants) and making it more difficult for plants to sprcad their rools,
particularly tap roots (Adams ct al. 1982a, b). Growth and perhaps spread of split grass
(Schismus barbarus and 8. arabicus) is facilitated by eompaction because of root
structure. This may lead to a conversion in the vegetation community type and increased
fire hazard. Although, fire spreads siowly and discontinuously with split grass compared
to Brontuys prasses (Brooks 19990},

Empirical evidence shows that infiltration is higher in prazed areas. , Rauzi and
Smith (1973) conducted a comparative experiment in the central plains of Colorado.
They demonsiraled that infiltration rale was significantly reduced by heavy grazing (vs.
moderate and light grazing). [nfiliration rate was significantly correlated with tolal plant
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material on the surface (standing crop) in two of the three soil types tested. Species
composition was different. Experimental water run-off tests showed moderate grazing
areas had 7 times the runoff of light grazing arcas and heavily grazed areas had 10 times
the runoff us lightly grazed areas. In the Mojave Deseri of Nevada and Arizona, signs of
increased soil compaction were evident in grazed aveas compared to ungrazed areas
between highway and highway right-of-way fences (Durfee 1988). Avery (1998)
measured soil type, bulk density, and inliltration in an exclosure that cattle werc cxcluded
from for approximaicly 12 vears and compared them to prazed areas outside the
exclosure. He demonstrated that soil in heavily trampled areas near water tanks was
coarser, had higher bulk density, pgreater penetration resistance, and lower infillration
rates (all are measures of compaction) than in the protected area.

Although they did not mcasure compaction or infiltration, Nicholson and
Humphreys (1981} quantified (he proportion of soil disturbed after a band of 1000 sheep
spent 12 days foraging and bedding within a 1.6 km” study plot. They estimated that
80% of the soil in bedding arcas was disturbed, 67% in watering arcas, 37% in grazing
areas, and 5% in areas not used by sheep. Soil was considered disturbed if the sucface
crust was broken or missing and was independent of cause. This non-replicated
observational study had a control, did not decument whal elTect 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 prazing in the Western
Mojave, Webb and Stielstra {1979) noted disruption of so1l crusts in intershrub spaces
and an the coppice mounds of cressote bushes. Surface strength (a2 measure of
compaction) was signilicantly preater in grazed vs. ungrazed areas, particularly in the
upper 10-cm 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 grazing
activity in previcus years.

CHANGES 1N S0IL. TEMPERATURE

Another potential indirect effect of livestock grozing on tortoise habitat is
alteration of soil lemperalure due to change in vegeiation siructure or soil compaction.
Steiger {1930 cited in Luke ct al. 1991} measured a signifieant increase in soil
temperature at depths of 2.5, 7.5, and 15 em in clipped versus unclipped plots. Browsing
of shrubs may also alier soil temperature, hut in unexpected ways. Using models that
accurately duplicated the thermal profiles of deserl tortaises, Hillard and Tracy (1997), a
graduate student from University of Nevada, Rena, found thal soils were cooler benealh
shrubs with sparse and open undercanopies and hotter when the undercanopy was entirely
closed. Apparently, the open undercanopy allowed cooling by both shade and wind,
whereas closed undercanopies trapped hot air, Hence, if hivestock 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. [I1 is
unknown what effect grazing-induced changes in soil temperature might have on
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tortoises. The temperature during incubation (Spotila et al. 1994) dctermines sex of
tortoises: incubation temperaturcs above 89.3°F result in females, and below result in
males. Although this has not been tested in the field, it is passible 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 95.5°F.

CHANGES IN VEGETATION

Gmazing by cattle can alter vegetation in several ways: damage from trampling,
change in species composition perhaps resulting in typc conversion {change in plant
community type), and introduction of invasive plants.

TRAMPLING 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 the perennials on plant transects where shecp grazed were
trampled, whereas 17% found in the bedding area were trampled (Nicholson and
Humphreys 1981). Webb and Stielstra {1979) reported that 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 noled above, Balph and Malechick {1985)
provided empirical evidence that cattle usually avoided stepping on c¢lumps of crested
wheatgrass, but still stepped on them 5% of the time.

Trampling by livestock may help to bury seeds and imprave germination through
their trampling action. In sagebrush scrub of northern Nevada, Eckert et al. {1986} found
that light trampling increased germination of perennial grasses, but not perennial forbs,
and heavy trampling decreased emergence of perennial prasses while increasing
emergence of sagebrush and perennial forbs.  Cattle grazing in Chihuahua Desert
grassland enhanced revegetation by non-native grasses, but rain may have canfounded
the results (Winkel and Roundy 1991). Unfartunately, na similar studies from thc Mojave
Desent are available. However, biomass of seeds in the soil seed bank was significantly
higher inside compared to immediately oulside the DTNA, a 38 mi® fence enclosed
preserve, where sheep grazing and ORVs had been excluded for 15 years (Brooks 1995];
this in spitc of there being more seed-eating rodents inside the DTNA. The biomass of
annual vegetation, including the introduced species, was also greater inside the DTNA,
but the tolal biomass of natives was proportionally higher inside than outside. Several
other uses accurring outside the DTNA were absent from inside the preserve, thus the
differences cannot be atiributed solely to grazing. However, the changcs noted are the
expected effect of removal of surface disturbance from the reserve.

Near thc DTNA, sheep trampled and uprooted perennial shrubs, such as
burrobush {dmbrasia dumosa), goldenhead (dcomptopappus sphaerocephalus), and
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Anderson thombush (Lyeium andersoni).  “Ewven large crensote bushes {(Larreu
tridentata) were uprooted” (Berry 1978, p 312). “In many areas near stock tanks [in
Lanfair Valley, California] the ground is devoid of vegeiation for hundreds of meters.
Trailing is heavy and damage extensive within 4.5 to 6.4 km of the tanks” {Berry 1978, p.
512). These reports are anecdotal; no data or additional details were provided.

PLANT COMMUNITY CHANGES

As early as 1898, range scientists observed that cattle ranges in the southwest
were becoming overgrazed and urged that restorative actions were necessary (Bentley
L898). Since then, several studies have documented vegetation changes over the past
century hy comparing photographs or field notes taken in both centuries (Humphrey
1958, Humphrey 1987). The dominant change was a conversion from grass- to shrub-
dominated communilies {lype conversion). Whereas livestock gmzing has been
implicated as an important cause for these changes, scparation of the effect of grazing
from the cffects of fire suppression, rodents and other herbivores, competition, and
climate changes is difficult {Humphrey 1958, 1987). Sewveral studies compared grazed
areas to nearby ungrazed arcas particularly in southcast Arizona. They generally show a
similar reduction in grass species in the grazed areas. Unforiunately, none of these
studies ovcurred in the Mojave Desert and, because the grass-dominated ecosystem of
southeast Avizona 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 exclasure in [vanpah Valley,
eastern Mojave Desert of California, to determine the cffects of catile grazing on desert
tortoises and Lheir habitat. In the study establishing baseline data for 2 long-term
comparison, Turner et al. (1981) found no significant differences between plols in
biomass of annuals, weight or length of torloises, proportion of reproductively active
females, and torloise home range sizes. Sex ratios and size classes of tortoises were
comparable between the two plots. The lack of differences could be attributed tu: (1) low
use by cattle of the non-excluded area in both years of the study; 2} torfoise and
vegetation recovery, if they are to happen, are likely to take much longer to be
ohservable; and (3) sample size (n-1) too small to delect 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 diffcrences exisled between
conirol and treatment at the start of the study. Over so short a lime 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 vear later (Medica et al. 1982).

Avery {1998) conducted a follow up study at the [vanpah study plot in the early
1990°s, Avery (1998) compared vegetation inside and outside the exelosure. Compared
to the ungrazed exclosure, the grazed area had significantly larger creosote bushes, more
dormant or dead burrobush, Ambrosia dumose (a perennial shrub), fewer and smaller,
galleta grass, Plewraphis [ Hilaria] vigida (a native, perennial grass) represenling less
biomass, more of the disturbance-loving shrub, Ifvmenociea safsola, and lower diversity
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of winter annuals. They found significantly more desert dandclions (Malacothrix
glabrara), a plant preferred by both cattle and torioises, and a grealer 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 morc
significant effect.

A recent study compared soil characteristics, vegetation, and tortoise density
within and around three exclosures in the Mojave Desert, including 2 in the west Mpjave
(Larsen et al. 1997). They reported finding few differences between *grazed” and
“ungrazed” plois in percent canopy cover, and the differences found were relatively
minor. Grazing reduced native forb density and increased soil compaction. Mumbers of
live tortoises, tortoise carcasses, and tortoise burrows were no different between grazed
and ungrazed areas. Details provided were insufficient (o adequately evalvate the
methods or results and virtually no statistical analyses were provided.

Durfee {1988} compared structural features of the plant community between
ungrazed arcas along fenced highways and grazed areas outside of the nght-of-way
fences. A greater proportion of introduced plants, more bare ground, fewer perennial
prasses, and lower spatial heteropeneity in specics composition occurred in the grazed
areas (sec also Waller and Micucci 1997).

As cited above, Brooks (1995) found significantly higher annual plant and seed
biomass in the DTNA, an area protected from sheep grazing, compared to an arca outside
the preserve. Bemy (197E) characterized the qualilative 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 vegetation
may be independent of cattle grazing. Furthermore, the size of exclosures may be
insufficient to allow the ecosystem to function independent of grazing activities outside
the exclosure {which is probably nol a big problem at the DTNA, studied by Brooks
1992). Furthcrmorc, 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 greatest immediately around the water source and wili
deerease with distance {e.g. Avery 1998} Fusco {1993}, Fusco et al. (1995}, Bleecker
(1988), and Soltero et al. {1989} recorded significant increases in biomass and density of
grasses and other species with distance from water sonrces.  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 at other sites. [t is unknown if impacts would be
below the (unknown) threshold for significant effect on the envirenment.

The impact of sheep grazing has been studied only oncc. In an observational
study, Nicholson and Humphreys {1981) noted that areas not prazed by sheep had 2.3
times more cover and 1.6 times higher frequency of annual plants than in sheep bedding
areas and 1.8 times more caver and 1.3 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% reduction in annuoal 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 ta 99% in the bedding arcas were damapged. Apparently,
trampling caused most of the damape in the bedding arcas whereas most in the light-use
area was from browsing. However, differences may be caused by other factors such as
soil that may have differed between the sites independent of prazing 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
resulis since there may be inherent differences in these areas that caused the sheep to
avoid them.

An often cited benefit of grazing is “compensatory growth,” growth of plant
tissue following clipping, removal, or damage to plants resuifing in increased prowth or
vigor (e.g., Bostick 1990, McNaughton 1985, Savory 1989). The concept is
controversial, has gaincd litle empirical support in semi-arid prasslands and ranges
{Detling 1988, Barolome 1989, Weltz ef al. 1989, Wilms et al, 1990}, may only be viable
in wet, fertile, monocultural environments (Painter and Belsky 1993), and has not been
tested in the Mojave Deserl (e.g., Painter and Belsky 1993}, What hittle evidence exists
from the Mojave Deserl fails to support the compensatary growth hypothesis. Avery
(1998) found that Plewraphis [ Hilaria] rigida, a native grass consumed by both cattle
and desert tortoiscs, was significantly smaller in grazed versus ungrazed arveas. More
Ambrosia dumosa, which is sommetimes caten by cattle in drought years {Medica pers.
comm.), was found dead or dormant in the grazed compared to ungrazed plots. Creosote
(.. tridentatc) was larger in grazed areas, but is consumed by neither cattle nor tortoises
(Avery 1598),

[NvaSIVE PLANTS

Grazing has been implicated in the proliferation of invasive plants in the Mojave
Desert (Mack 1981, Jackson 1985, Brooks 1995). Webb and Stielstra (1979) noted that
Schismus and Erodinm 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} repotted that the heavily grazed Lanfair Valley “now contains a high percentage
of weedy, invader, perennial species typical of overgrazed desert lands,” but provided no
data. Bostick {1990) argued that cattle grazing helped tortoise populations by aiding the
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spread of cacti. Some evidence from outside Lhe 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 imporant source of water and nutrition during drought periods (Turner et al. [384,
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 diflerences in size and encrgy
requirements of the lwo species, the competition, if it oceurs, is likely to be heavily
asymmetric, with cattle affecting the torlvise populations, but probahly 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 ane 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 studics provide qualitative insights into forage species of ftorloises
(Woodbury and Hardy 1948, Burge and Bradley 1976, Hansen et al. 1976, Hohman and
Ohmart 1980, Luckenback 1982, Nagy and Medica 1986) and three major studies
quantified dict and forage selection in desen tortoises (Jennings %93, Esque 1994, and
Avery 1998). Tortoises primarily eat annual herbs in the spring and switch 1o grasses,
perennial succulents (cacti}, and dricd annuals later in spring and early surmmer {(Avery
199R). Tortoises are aclive apain 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., Hilaria rigido) green up and set
seed. Cattle then eat the bunch grasses (Medica et al. 1992). In a drought year, tortoises
in [vanpah Valley consumed little food other than cacii during the latter part of the season
(Tumer et al. 1984). Thus, cacti may serve as a reserve supply of energy, mone
importantly as a potential source of watcr.

Four studies quantificd plant foods eaten by cattle in the Mojave Desert (Coombs
1979, Burkhardt and Chamberlain (982, Avery and Neibergs 1997). Avery and Neibergs
{1997) followed cattle on horseback in the eastern Mojave Desert. By recording the
species of plant and number of bitcs taken by the free-ranging cattle they found that foads
choscn by cattle varied with season. [n winter cattle primarily ate the perennial grass, big
sallela grass (Plewraphis [ Hilaria) rigida) and dried annuals from the previous spring
(Medica et al. 1982, documecnied that cattle and tortoises eal perennial grasses in fall).
Contrarily, Burkhardl and Chamberlain (1952} found perennial shiubs to predominate the
diet of cattle in winter, annual grasses and green forbs did so in spring. Coombs {1979)
found that cattle in the eastern Mojave of Utah particularly ate Bromus sp.,
Ephedranevadensis, and Euarotic Ianaia and ate perennial grasscs considerably more
olten than expected based an their relatively uncommon presence. All of these studies
illustrated that caitle in the desert eat diverse f0ods and that the foods eaten vary with
season, locality, and availability,
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Several studies provided evidence that tortoise and cattle 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 (1981) used 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
insulariy), Alaree, and Schismus experienced the highest levels of overlap , but overlap
varied considerably between months and vears. {Coombs (1979) found that overlap
existed, but neither study provided a species-by-species comparison or an explanation of
how overlap was caleulated. Camassonia boothii, Malacothrix glabrara, Rafinesquia
neomexicana, Schismus barbatus, and SrepAanomeria exigua were major forage items of
both cattle and tortoises in [vanpah ¥Valley (Avery and Neibergs 1997, Avery 1998). Diet
overlap between the two herbivores was greatest in early spring (38% Vs 16%0 in late
spring, Avery and Meibergs 1997, Avery 1998).

Three studies provide data on forage overlap between sheep and tortoises. Webb
and Stielstra (1979) reported that in the western Mojave Desert, sheep primarily ate
herbaccous vegetation from the coppice mounds arcund the base of perennial shrubs, By
comparing biomass of plants in a grazed area versus a nearby ungmazed area, they
determined that three species were primarily removed:  Phkacelio tanacetifolia,
Thelypodium lasiophyliun, and Erodium cicutarium.. Shrubs browsed by the sheep
included Ambrosia dumosa, Grayia spinosa, Haplopappus cooperi, and Acamptopappus
sphoerocephalis. 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 difterences may have existed before grazing commenced.
Hansen et al. (1976) estimated that §5% of sheep diet in the western Mojave was
composed of grasses and 52% of desem tortoise diets was composed of grasses.
Micholsen and Humphreys (1981) reported several species of plants, particularly
flowering annuals and burrobush {(Ambrosia dumasa), that were highly used by sheep, but
provided no quantitative data. Several species eaten by sheep were also ealen by
torteises including: split grass {Schismus arabicus), checker Oddleneck {Amsinckia
tesseflata), desert dandelion (Malacothrix glabrata), hlaree (Erodium cicutarinm),
Fremaont pincushion (Chaenactis fremontit), Parry rock pink (Stephonomeria parmvi),
chickory ({Rafinesquia neomexicana), snake's head (Malacothrix coulteri), red brome
{Bromus rubens).

Only twao studies directly tested for competition between terloiscs and livestock.
In an exiensive study, Avery (1998) showed that catile and tortoise diets overlap (38% in
early spring, 16% in late spring). He also demonstrated that tortoise foraging was altered
in the arca where both species co-occurred. In late spring in the absence of cattle,
lortoises primarily ate herbaceous perennials (31% of diet), whereas in the grazed areas,
tortoises primarily ate annual grasses (59%) followed by herbaccous perennials (21%).
The species of herbs also differed: in the exclosure tortoises preferred desert dandelion
{Malecothrix glabrata), whereas in the grazed areas they ale primarily the exolic prass,
splitgrass (Schismus barbatus). 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 tweo areas. In one dry year, tortoises spent significantly more time
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(approximately three times miore) foraging in the grazed than in the protected areas,
presumably in search of nutritionally-adequate food to fill up en. Thus, two of the three
conditions necessary to confirm that catile compete with tortoises for food were clearly
supported empirically. The final condition, that one species must negatively impact the
ather, was also demonstrated, but more indirectly. [n a scparate, independent study,
tortaises eating primarily Schismus barbatus have been shown to be put in a nepative
water and nitrogen balance {Magy et al. 1998), which could increase mortality
particularly during periods of extended drought (Peterson 1994a, Avery 1993).
Furthermore, Henen (1997) demonstrated that lower nitrogen intake reduces reproductive
output in female tortoises. A long-term comparison of difTerential survival and
reproduclive success of tortoises within and outside an exclosure would be an excellent
empirical test of the effcet cattle grazing has on toroise populations.

Tracy (1996) found that in years of very low annual productivity, tortoises lay
fewer eggs. They alse found thal cattle foraging reduced tortoise forage abundance
enough to cause tortoises to lay fewer eggs than normal. The conclusion is that, in low
rain years, callle may remove enough forage to reduce tortoise reproductive output, thus
competition occurs in those vears. The authors did not track hatchling success to
determine if the fewer eggs still resulted in the same number of suecessful hatchlings.

COow DUNG AS A FOOD SOURCE

Bostick (1990) argued that declines in tortoisc populations is caused by a
reduction in the availability of cow dung which has declined with the reduction in
numbers of catile grazing in the southwest. He argued that cow dung is an important
source of food for tortoises. However, Avery (1998) studied tortoise foraging behavior
wherc tortoises coexisted with callle. Ile observed over 30,000 bites of items and
observed only 231 bites of cow dung. Esque (1994) also abserved over 30,000 bites on
food objects. He reported that 107 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 far tortoises. [n 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.

Summary

Surprisingly little information is availahle on the effects of grazing on the Mojave
Desert ecosystem {Oldemeyer 1994, Rundel and Gibson 1996, Lovich and Bainbridge
1999y,  Differences in rainfall patterns, nutrient cycling, and foraging behavier 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 infortoation for making resource inanagement
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 cvidence is not overwhelming.

Military Operations

The California descris were used for mililary exercises as far back as 1859 when
Fort Mojave was first built (Krzysik 1998). The most extensive use was for World War
Il training when (8400 mi® (47105 km?} 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 km"}): Naval Air Weapons Station (*China Lake;"
£731 mi?, 4432 km®), National Training Center (“Fort Irwin;” 1016 mi®, 2600 km?), Air
Force Flight Trainiog Center (“Edwards Air Force Base;” 476 mi®, 1218 km?), and
Marine Corp Air Ground Cambat Center ("MCAGCC” or “Tweniynine Palms;” 943 mi®,
2413 km®).

As outlined in the Recovery Plan (USFWS 1994}, impacts to tartaise papulations
come from four basic types of military activities:

“(1) construction, operation, and maintenance of bases and support
facilities (air strips, roads, etc.); (2) development of local support 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 pround nuclear weapons testing, whieh took
place in Nevada in the 19505 and 1960s.

Constructi i Waintenancc iliti

All four major military bases in the west Mojave Desen each have facilitated the
growth or development of large internal supporl communities. The development of these
communities destroyed tortoise habitat and likely brought with them all of the other
impacts generally assoclated with large human settlements (fragmentation, ORVs, release
of disease, facilitation 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 {Berry and Nicholson 1984a). However likely this conclusion
probably is, the data used were based solely on anecdotal observations (Bury and Corn
19935); 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 io
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ather parts of the desert 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 hy the apparent haphazard placement of facilities
throughout major portions of habitat {pers. obs.).

Devel  Local § C i

The four major military bases in the wesl Mojave Desert have facilitated the
growth or development of large external support communitics: Ridgecrest, Barstow,
Lancaster, Palmdale, and Tweniynine Palms, which each have problems for tortoises
typical of large suburban areas in the desert {see "Urbanization and Development"
section, below).

Eield Maoc¢uvers

Tank maneuvers cause some of the most drastic and long-lasting itnpacts to the
Mojave Desert habitats. Extensive tank training operations were conductad in the 1940°s
and in 1964 over 17,500 mi’ of desert (Lathrop 1983, Prose and Metzger 1983, Krzysik
1998} and even more intensive maneuvers ate curtently taking place within an 819 mi’
area on Fort Irwin (Krzysik 1998) and on MCAGCC (Baxter and Stewan 1990). Direct
morighity to tortoises is relatively rare or not ofien reported, but does cccur (Stewart and
Baxter 1987, Quillman pers. comm.). Tanks damage vegelation, compact soil, cause
fugitive dust, and run over tortoise burrows and tortoises. The results are largely denuded
habitat, and altered vepetation composition, abundance, and distribution {Wilshire and
Makata 1976, Lathrop 1983, Baxter and Stewart 1990, Prose et al. 1987, Krzysik 1998).
Matural recovery can take a long Lime; 55 year old tank tracks can still be seen throughout
many paris of the desed {Wilshire and Makata 1976, Krzysik 1998). Krzysik {1998)
reported a signifieant reduction in tortoise densities (62-81% over six years) in active
training areas of Fort [rwin and no change or increases in densities in areas with light and
no activity., The effect of tank mancuvers was highest in valley bottoms and
progressively less in high bajadas, talus slopes, and rugped 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 torioise populations or habitat.

Distribution of Chemieal

It has been suggested that diseases affecting tortoisc shclls may be caused by
residual chemical remains lefl over from military operations, but the evidence is highly
speculative {See “Disease” section, above).



Nuclear Weapons Testing

Between 1951 and early 1963, the U. 5. Atomic Encrgy Commission detonated 100
atomic devices above pround at the Nevada Test Site, Nevada (U. S. Department of
Energy 1994). From mid 19605 to early 1990s only underground tests were conducted,
Resource Concepts Inc. (1996) argued that radiation released into the atmosphere during
these tests might explain tortoise deckings. 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 1o dust from heavy vehicular traffic on a nearby dint
road.

The University of California, Laboratory of Muclear Medicine and Radiation
Biology conducted experimental radiogcology research studies in Rock Valley located
along the southern boundary of the Nevada Tcest Site. These irradiation studies involved
the chronic exposure of planis and animals from a centrally located 137 cesium source
located atop of a 50-f1 tower within a 2l-ac fenced plot. Rundel and Gibson (1996)
provided a brief summary of the resnlis of the Rock Valley irradiation experiment,
Beyond direct mortality from the test blasts, there wus very little persistent eflect of
radiation on the surrounding lizard populations. Litle long-term effect on the pocket
mouse, Perognathis formosus, was found (Tumer 1975} On the other hand, female
lizards at Rock Valley were found to be sterile several years alter the experiment began
(Tumer 1975, Turner and Medica 1977). There were five adull tortoises present
throughout most of the study and four still remained in 2001 (Medica pers. comm.).

1 could find ne data that bear directly on the potential effects of nuclear weapons
testing on tortaise populations, The map in Gallagher (1993} suggests that falioul was
nearly noncxistent in the west Mojave {which is consistent with predominant wind
patterns), whete URTD is rampant (Berry 1997). Therefore, if there is an effect fromn
testing, it probably cannot be a universal explanatinn for rangewide declines nor can i
explain the markedly high losses and levels of disease documented in the west Mojavc,

Noise and Vibration

The following is largely paraphrased from my contribution to the Desert Tortoise
Recovery Plan (USFWS 1994). Anthropogenic noise and vibrations may impact tortoiscs
in several ways including: disruption of communication, and damage to the auditory
system. A hody of peer reviewed scientific litcrature exists demonstrating how
background noise may mask important vocal signals in insects and amphibians (e.p.,
Bushcrickets, Conocephalus brevipennis, Bailey and Morris, 1986; Green Treefrogs,
Hyla cinerea, Ehret and Gerhardt, 1980). Hierarchical social interactions, hearing, and
vocal communication have all been identilied in desert tortoises {(Adrian ef al. 1938,
Campbell and Evans 1967, Patterson 1971, 1976, and Brattstrom 1974, Bowles et al.
1999} Patterson (1976) identified eleven different classes of vocal signals used by desen
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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 [z or lower, and harmonics that reach as high as 4500 Hz (Patterson,
1976).

The porions in the following excerpt from USFWS (1994} penaining lo desert
torioises is purely speculative with no direct empirical support for desert tortoises:

“ Many anthropogenic noises, such as automobile, jet, and train noises,
cover a wide frequency bandwidth. When such sounds propagate through the
envirenment, the high frequencies rapidly attenuate, but the low frequencies
may travel great distances (Lyon, 1973). The dominant {requencics that
remain after propagation correspand closely to the frequency bandwidth
characteristic of desert tortoise vocalizations. Therefors, masking of these
signals may signiticantly alter an animal's ability to cffectively communicate
or respond 1n appropriate wavs., The same hulds true for incidental sounds
made hy approaching predators, masking of these sounds may reduce a
tortoise's ability to avoid capture by the predator. The depree to which
inasking by noise affects tortoise survival and reproduction depends on the
physical characteristics {i.e., frequency, amplitude, and short- and long-tenmn
timing) of the noise and the animal signal, propagation characteristics of the
sounds in the particular environment, auditory acuities of the torteises, and
importance of the signal in mediating social or predator interactions. There
are no studies lo iest the masking effect of noise on tortoise behavior, bui the
effect is likely to be relatively low given that vocal eommunication is
probably not extremely imporiant in mediating social interactions and that
noises loud enough t» mask sounds imporiant to torloises are generally
uncommon and short in doration. The only place the noise would be
continuous enough may be alongside heavily traveled roads, where tortoise
abundance is generally quite low.

"Loud noises (and associated vibrations) may damage the hearing
apparatus of torloises. L.ittle research has been performed on tortoise ears, but
it is clear that tortoises are able (o hear, and the relatively complex vocal
repertoires demonstrated by toroises suggests that their hearing acuity is
similarly complex. Brattstrom and Bondello (1983) experimenially
demansirated that off-highway vehicle noise can reduce the hearing thresholds
of Mojave Fringe-tocd Lizards (Uma scoparia). Relatively short, single
bursts (500 sec) of loud sounds {5 dBA at 5 meters) caused hearing damage
to seven test lizards (Brattstrom and Bondello, 1983). Comparable results
were obteined when desent iguaneas (Dipsasaurus dorsalis) wete exposed to
one to ten hours of motorcycle noise (Bondello, 1976). It is likeiy that
repeated or continuous exposurc to damaging noises will cause a greater
reduction in auditory response of these lizards. It is not unreasonable to
expect loud noises to similarly impact the auditory performance of desen
torloises.”



A study conducted by Bowles et al. {(1999) showed very little behavioral or
physiological effect nn tartoises of loud noises thai simulated jet over flights and sonic
booms. They alse demonstraled that torloise 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 Lolcrate occasional cxposure Lo sonic boom level sounds (140 dB
SPL}, but some may sulfer permanent hearing loss from repeated long-term exposurs 1o
loud sounds such as from OR Vs and construction hlasts.

ORV Activities

Like most wlher threats, off road vehicle (ORV} activilies may aflect lortoise
populations in multiple ways: direct moriality by crushing tartoises on the surface or in
burrows, or indirect morrality through habitat alteration from soil compaction, vegetation
destruction {direct or indirect via dust), or toxins from exhaust. However, different types
of ORY activities will likely have different effects on tortoise populations. There are
basically four catepories of activily that may have very different impacts: free play
where vehicles are not restricted to desipgnated routes and cross travel or off-road and off-
trail activity probably occurs rcgularly; non-competitive recreational uses outside of free
play areas are limmited to designated roads and trails with any driving off of those routes
being illegal; cotnpetitive events are organized races that are restricted ta designated open
areas; and unauthorized cross-country travel for recreational or commercial {c.g., inining
exploration) purposes. Hence in this report, CRY refers to mmtorized vehicle travel off of
paved and graded dirt roads whether they are on ungraded dirt roads, trails, or cross
country driving. ORVs can include dirt bikes, sport ulilily vehicles, all-lerrain vehicles,
sand rails, and any other type of motorized vehicle that travels such roads.

Reduce Torteise Densi

A number of reports document ORVYs may directly kill tortoises (see below),
however the data are insufficient to evaluatc the extent of its overall impact on tortoise
populations. We must rely more on other measures such as differences in torloise
densities between areas used by ORVs 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 the animals were significantly heavier
(p<).01% in the control area. They also found 2.8 times the number of burrows, mote of
which were active, in the control area. Most of the burmrows in the ORY area were in the
scction most lighily used by vehicles. The denser vcgetation in the control area made
searching much slower, hence 3.6 times more effort was spent searching the control area.
The ditferences in number of {ortoises are not likely to be a consequence of differences in
search time because identical and consistent methads were used to sample each area
{Bury and Luckenbach 1977). As this study was unreplicated {only one control, and one
trcatment arca were surveyed), it is conceivable that the differences detected are due to
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causes other than ORV activity (e.g., soil or habitat differences or natural patchiness of
tortoise populations).

Berry et al. (1986) compared forioise 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-ycar period among juveniles and immatures in both areas, but that the declines were
signilicantly greater in the adjacent area with more ORY activity.

Berry et al. (1994; for publishcd abstract see Berry et al. 1996), compared
evidence of human activity and tortoise sign (i. ¢., number of tracks, scat, and burrows,
which is positively correlated to tortaise density; Turner ot al. 1985) along 100 transects
conducted in 1977-79 and 150 in t990. 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 ane area, ORV activity had been stopped by BLM one year prior fo
the study, so vehicle tracks had been obliterated or were aged and did not accuratcly
refllecl the level of ORY activity the tartoisc population had experienced over the past
several years. Furthcrmore, 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 ORVs reduce tortoisc population density comes
from Nicholson {1978). She reports on the {indings of sets of transects walked at varying
distances [rom the edpes of several paved roads and highways in the Majave desert. The
study was designed to measurc the effects of paved roads, not dirt roads or ORV travel on
tortoise populations, thus is of little relevance to evaluating ORY impacts. She found that
counts of torloise sign increased with distance from paved roads. However, along
Shadow Mountain Road, she found a reduction in tortoise sign 880 meters [rom the road
edge, in an area with “excessive ORVY use.” She provided no statistical analysis of this
observalion, nor did she camment on the prescnce or abscnce of ORV activity along any
of'the 39 other transects she walked.

Direct Effects
CRUSHING TORTOLISES AND BURROWS

Several accounts oceur in the non-scientific literature of torioises being crushed
by ORYVs, but most of these are anecdotal or unique incidents. 1ln a popular account of
ORYV impacts to the deserl environment, Luckenbach (1975) states: “I have personally
found homed lizards, whiptails, zebra-tails, sand lizards, and tortoises crushed by
ORVs;"” no documentation or quantification was pravided. Similar anecdotal statcments
wete made in Berry and Nicholson (1984a) and Bury and Marlow (1973).

Berry and WNicholson (1984a) observed dead tortoises that were crushed in
burrows that were apparently collapsed by ORVs, but no data ar details were provided.
Bury and Marlow’s {1973} popular article about general impacls of ORVs on torloises
also makes the claim that burrows are crushed by ORVs, but provide no data. Fifteen
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butrows found in 1976 and 1977 in an ORV-use area were collapsed in 1985, their
collapse being “related to ORY activity from trails through the arca” (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 quantificd vehicle-related mortality on study sites with frequent ORY
traffic. [n her preliminary analysis of 1357 torloise carcasses found on 14 permanent
study plots for studying tortoise populations, Berry {1990 as amended) atiributed
approximately 57 {1%) to vehicles (some of the dala were presenied in Berry et al. 1986).
It must be noted that 787 (58%) of the shells were not evaluated or were uoclassifiable
either because they bore no diagnostic characteristics or were too fragmented to analyze.
Campbel]l {1985) found 2 vehicle-killed torloises, one apparently killed by a 4-wheel
vehicle on a dirt road inside the preserve and another killed outside the preserve by a
sheep watering truck. In their comparative study of ORV impacts, Bury and Luckenback
{1986) indicated that one immature tortoise was found crushed in a motoreycle trail. Ina
review of lortoise population dynamics, Marlow (1974) states that “nine recently crushed
tortoises were observed in an area supposedly closed to ORYs. From tracks surrounding
mosi of the carcasses there was little question as to the cause of their deaths.”

1t is the correspondence between tortoise and ORY enthusiasis’ 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 their preferred food plants occurred in these habitats and they tend
to butrow and travel more in washes and washlets than in other habitats, Jennings {1997}
claims these habilats are also preferred disproportionately by ORV recreationists, but
presented no supporting data.

Indjrect Effects
COMrACTION OF SOIL

Soil becomes compacted, at least temporarily, when a motorized vehicle passes
over it, and that compaction changes with the weight of the vehiele, soil type, and
moisture content of the soil (Webb 1983). But, the affect this compaction has on torloise
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 reproduction.

Davidson and Fox (1974) investigated the effect a motorcycle dual sport race had
on Mojave vegelation and soil. The soil, which was of similar type at both sites, was
significantly denser and less porous at a pit arca and alangside a trail than at a control site
scveral hundred meters away. Significantly fewer plant species, fewer individuals, and
less cover were found in impacted areas compared 1o the control site. However, the study
was unreplicated. An inercase in bulk density of the soil was measured in an evaluation
of the impacts of the 1974 Barstow 1o Vegas Race (BLM 1973). However, many of the
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measurerments were taken one week after a rain, so, because compaction is intensified on
wet and moist soil (Webb [983), 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 lat areas, but
only a 3% increase in compaciion in disturbed sand. Similarly, Wilshire and Nakata
(1976) found sand dunes to be more resistant to compaction than playas ot 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 mote than do
wet playas (Wilshirc and Makata 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,
so0il type, and soil moisture, Adams et al (1982a, b) measured soil conpaction with a
penctrometer.  They found that compaction by a S5UV was preater 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 ¢entrols. The preat vanability in environmental eonditions makes it difficult to
make unambiguous generalizations.

Greater temperature extremes occurred in more compacted soils in heavy ORV
use areas, probably from removal of vegelation and changes in soil characteristics from
compaction (Willis and Rancy 1971, Webb et al. 1978). This possible effect on soil
temperature not only affects plant germination 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
torloises to burrow, which would not only affect tortoises directly but would also reduce
tortoises’ role in reducing compaction through soil turnover (Prosc et al. 1987).

Infiltration rate is a measure of the soil's ability to absorb moisiure. More
compacted soils have a lower infiltration rates so less water is available for plants {Webb
1983). Babeock 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 after 200 vchicle passes
over wet sandy loam. The pgreatest decrease occurrcd after the first few passes.
Infiltration rates of sands and clays are least affecied by compaction, whereas loamy
sands and gravelly soils are with a mixture of panticle sizes are most affected.

DESTRUCTION OF CRYPTOGAMIC S0ILS

Cryptogamic soils are important for reducing seoil erosion, controlling water
infiltration, regulating soil temperatures, fixing {catching and converting} atmospheric
nittogen, and accumulating organic matter (Cline and Rickard 1973, Pauli 1964, Rogers
et al. 1966). Cryptogamic soils are collections of mostly symbiotic bacteria, algae, fungi,
and lichen tbat live on or slightly below the soil surtace and create a semi-permeable soil
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surface. They often occur in the npen spaces between desert shrubs and help to facilitate
seedling establishment and plant growth (St. Clair et al. 1984, DaFalco 1995).

ORVs, livestock, and other surface disturbances easily damage cryptogamic soils
(Belnap [996). Damage from compaction, even minor, can preatly reduce nitrogen
fixation by the crust, an effect that sometimes increases rather than decreases with time
since compaction {Belnap 1996). It 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 1980). 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 ¢lose proximity to
the crusts (Maryland and McIntosh 1966), concentration of nitrogen in tottoise forage
plants were generally lower on cryptogamic soils {DeFalco 1995). However, many other
nutrients arc important to tortoises, and it is unknown [ 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, caleium, 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 cryptogainic soils to tortoise populations could be in
stabilizing the soils against wind and waler erosion (Belnap and Gardner 1993, DeFalco
19935), but more research is clearly needed.

CHANGES 1M VEGETATION

Several studies measured the effect ORVs have on vegetation; most of them
evaluated damage from competitive events. Burge (1986) described how many perennial
shrubs were danaged along the cdge of the Frontier 5060 competitive race. She counted
1170 uprooted or crushed shrubs (no species identified) after the race. Davidsen and Fox
(1974) measured plant diversity, number of individuals, and amount of cover in a pit atea
{(where vchiclcs were parked), alongside a dual sport race frail, and “several hundred
vards away” (ie., control area). They found significantly lower values for all three
parameters in the pit arca, moderate values alongside the trail, and the highest values at
the control site. Woodman {1986) recorded the destruction of several creosete and
burrobushes around the periphery ol the pit area for the 1981 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% ol the plants, particularly seedlings and small
shrubs, were damaged in each of 26 sites.

Berry et al. (1990) measurcd hahitat changes over a six-year peried inside and
outside of the DTNA where ORV non-race activity occurred. They found a 23% increase
in habitat Joss around a staging/pit area and that ORV trails increased in width by 130%
and 157% in area.

Vegctation is clearly degraded by heavy ORV activity. Bury and Luckenback
(1986) compared vegetation inside (treatment) and outside (control) an ORV use area
south of Barstow. Thete were 1.7 times the number of live perennials on control, and 2.4
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times number of dead oncs (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 paints 19 10 25 years apart
in six different locations in the Mojave and Colorado Deserts, Lathrop (1983) measured
an average of 49% reduction in shrub density in ORYV areas. Ground-based transccts in
control and treatment (disturbed) sites yielded 48-97% reductions in perennial plant cover
in the ORY use areas. Thirty-four to 46% reductions in density resulted from single race
gvents at two separate locations {Lathrop 1983). Luckenbach {1975) reporis, 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 100 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 numbets 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 motorcycles requiring a
greater number of passes to equal the reduction caused by the SUV. (rama grass
{Boutelouva barbata), appeared 1o respond positively to light disturbance, but less 50 to
heavy disturhance. The introduced weed, split grass (Schismus borbatus), was
significantly more abundant within tracks than in contral areas, probably because the
fibrous nature of their roots allowed them to become better esiablished than more 1ap-
racted natives in compacted soil.

Vollmer el al. {1976} found annual ptant density to be significantly lower within
experimentally created tracks from two 4-wheel drive vehicles compared to the hump
between the cracks and in an aren 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 randomnly driven area.  This study lacked replication and proper
controls, but data collection and analysis were well cxccuted.

Kuhn (1974, cited in Lathrop 1983} reporied a reduction in plant density of 24%
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 apari,
Lathtop {1983) measured a 50% reduction in shrub density in the same foredunes.

EROSION AND LOSS OF SOHL

ORYV activity can increase erosion, which removes soil nutrients and soil that is
penetrable to roots (Adams and Endo 1980a, Wilshire 1980). ORVs modify various
femtures that help to stabilize the seil against erosion ingluding surface crusts, coarse
particles, desert pavements, and vegetation {Hinckley 1983). They also alter the
configuration of the ground surface thus affecting water runoff parterns (Hinckley 1983).
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The net loss of soil at specific ORV-use areas has been doctmented. Wilshire
and Makata (1976} estimated 150 metric tons of dirt were lost to erosion from one 68-
meler long western Mojave hillside trail with a 44-38% slope. Tolal estimated loss for
the portion of hill used for an unspecified number of years was 11,000 metric tons.
Snyder et al. (1976) estimated that 150-230 mm of soil was Inst per year aleng transects
in an QR use area over two to fve years at Dove Canyon. That amount is compared 10
estirnates of natural erosion rates of 1.0 to 4.6 mm per year in arid areas (reportcd in
Hincklcy et al. 1983). No control or low-impact reference sites were established in this
study. Webh et al. (1978) reparted a loss of 0.3 to 3.0 netric tons per m? fram an ORV
trail in arid land at a heavily used ORV park in central Califomia. They further reported
that erosion was grcatest on sand loamn and gravelly sandy loam and least on ¢lay and
clay loam.

In artificial rain trials, [verson (1979) found greater sediment yield (soil runoff) in
vehicle-disturbed versus undisturbed slopes from loosening of soil and alteration of flow
patierns. The difference was thought to be from increased water flow velocity and more
channeling of the flow, not from reduced filtration. Consequently the effect would be
mare pranounced during intense thunderstorms than during more mild winter frontal-type
storms.  Alsa using artificial rain, Eckert et al. (1977) looked at infiltration and
sedimentation rates at two Mojave desert sites in Nevada following single and multiple
passes of truck and motorcycle. Single passes made no measurable difference. Multiple
passes increased rates of infiltration and sedimentation, particularly in interplant spaccs
versus beneath planls. However, the arlificial rainfall rates were similar to rare very
heavy thunderstorms; they were unlike the winter cyclonic rainfall that is mare typical of
the western Mojave desert. Furthermore, Reicosky (1979} suggested that movement of
water towards vehicle tracks compensates for decreased infiliration rates, Hinckley et al.
(1983) suppested that water erosion would be the least in areas that are relatively flat,
experience short, low-intensity storms, and have a coarse (gravelly) surface.

Fupitive dust, dust blown from the pground by wind and vehicle activity, can
potentially be a problem for desert torloises. Fugitive dust is related to vehicle speed,
surface texture, surface moisture, and probably vehicle type (with beavy four-wheel drive
vehicles causing the most dust followed by light four-wheel drive vehicles followed by
motorcycles; Adams and Endo 1980k). The threshold velocity for wind ernsion {TVY), the
lowest wind speced necessary te create dust, is highest for deserl pavement and areas with
hard surface crusts, Soils with a large proportion of fine particles will be mare
susceptible to wind erosion. Disturbances that lower the TV will increase the incidence
of dust storms. [dsturbance of sand dunes and sandy washes does not alter their TV,
Areas protected by cryptogamic soils and deserl pavement had greatest reduction in TV
following disturbance, and mote so with siltier versus sandy soils (Adams and Ende
1980b, Gillette and Adams 1983). Winds of 20-30 mph at 6 (i above ground caused
fugitive dust in these areas. Erodibility also varies with width of disturbed area up to
abaut five meters {Wilshire pers comm., cited in Adams and Endo 1980a)

Satellite images laken on January 1, 1973, captured dust storms 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’, onginated in areas of intensive ORV
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activity in the western Mojave. BLM (1975) mecasurcd three to five times more
suspended particulate density for fugitive dust during the 1974 Barstow to Vegas race sile
compared to 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 suil nutrients found in the top 3 to
10 em of soil signmificantly 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, bul that the effect may be ameliorated by heavy summer rainfall.

LIGHTORY 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 effect of lighler travel in arcas where traffic is legally
restricted to designated routes (i.e., dirt roads). Indeed, very little data are available to
cvaluate these impacts primarily because the focus of most research has been on the
effeets aof heavier ORY vse. There are a few studies that demonstrated that oceasional
vehicles riding off of roads (including for parking or camping within 100 fi of roads,
which is currently permitted, Burcau of land Management 1580), can damage the soil and
vegetation, the amount of damage being less than heavier off road travel. Webb {1983)
found that the greatesl increase in compaction occurred the first few time a molorcycle
crossed an area and compaction incrcascd with more crossings, but at a lower rate,
Sitnilarly, Adams and Endo (1980a) discovered that just a few passes by an SUVY were
sufficient to significantly increase compaction and a single pass did so in some wet soils.
Vollmer et al. {1976) found that there wes damage to plants in an area subjected to
random four-wheel drive activity, but that damage was higher in areas that were
repeatedly driven over. Bury and Luckenbach {1977) reported litlle difference in the
number of creosole shrubs in moderate use versus undisturbed plots, but did find that half
were breken or damaged in the modetate use area. Likewise, a “sparsely™ used ORV
area within the Jawbone Canyon Qpen Area showed 35% less perennial plant cover than
an unused control area (Lathrop 1978). Tinally, just stepping on cryptogamic crusis can
damage and decrease nitrogen [ixing activities of the crusts (Bclnap 1996).

All of these studics indicate that some damage is likely to occur when vehicles
stray off of established roads. Goodlett and Goodlett (1993) demonstrated that ORV
enthusiasts will nat always obey signs indicating routes are closed, nor do they always
stay on designated routcs. 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 Lo roads {e.g., LaRue, pers obs.),
no studies have tested for this pattern. Many of the problems associated with light ORV
use likely relawe to increased human access the roads and trails afford (see "Human
Access to Tortoisc Habitat" section, below).
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Summary

Although cach study comparing lortoise densities inside and outside of ORY
areas has limitations, they all lend evidence to reductions in tortoise population densities
in heavy ORY use areas, The causes for these declincs arc less cerlain. Tortoises and
their burrows arc crushcd by ORYs, although it is difficult to evaluate the full impact this
activity currently has on tortaise papulations, parily because there are probably relatively
few torloises in most open use areas. ORYs damage and destroy vegetation. Density,
cover, and biomass are all reduced inside versus outside of ORY use areas, particularly
following multiple passes hy vehicles. Split grass {Schismus barbatus), a weedy
introduccd 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 moisture content of the soil,
wcight of vehicle (padicularly bigh weight to tire surface area ratio}, and seil type.
Cohesionless sand, such as in sand dunes and washes, are largely iminune 1o compaction
while moist scils 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 areas are several meters in width.
More research is needed to understand the effect light ORY use has on tortoise
populations and habitat.

Predation/Raven Predation/Subsidized Predators

Desert torloises have several natural predaters including: coyotes, kit foxes, feral
dogs, bobcats, skunks, badpers, common ravens, and gelden eagles. The dominant
predator probably varies temporally, spatially, and with size of the torivise (Berry 1990
as amended). Few studies have attempted to quantify or estimate the relative proportion
of moertality attributable 1o the various predators at specific sites, and nonc atlempt to
charaeterize it regionally.

One of the earliest publications reporting that ravens are potentially impottant
predators on desert tortoises was Campbell {1983). He found 140 shells of juvcnile
torloises (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 deserl toroise
study plots throughout the Mojave Desert. She determined that ravens killed 35%. Her
evaluation was based on circumstantial evidence because the referencc ¢olleetion was
shells found beneath perch sites that may have been used by other predators or
seavengers. Although the patterns of shell damnage 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 tortoise shell is incompletely ossified; it 1s
soft 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 ot 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 after death, Once this happcens the shell will fracture when pecked
open, giving a different appearancc. Although based on sound knowiedge of the biology
of tortoises, this scenarioc has not been subjected to quantification or controlled
experimentation,

Woodman and Juarez (1988) reparted finding 250 shells, probably killed over a
four year period, dead benealh cne 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 almosl certainly were killing some tortaises, not just
scavenging them. Since that time, several obscrvations have been made of ravens
carrying away live juvenile tortoises {Boarman 1993). One researcher reported finding a
tortoise eviscerated, but still alive, beneath a raven nest (R. Knight pers. comm.). These
reparts all remain anecdotal, but, becausc 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 dala on the phenomienon. 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 tortoise remains in only [.3% of
the pellets. However, they did not report the 19 shells they found at several of those nesls
because they only reported on pellet contents {Camp pers. comm., Boarman pers. obs.);
shell fragments usually are not found in pelleis. They also did not establish whether all
nests studied were in torloise habitat.

The tact that ravens do kill some tortoises does not alone indicate that the losses
are serious enough to warrant management action. We must understand the exteni of
predation and if il is having an impact on tortoise pupulations. Evaluating raven
predation is perplexing beeause of the difficulties in finding small carcasses over such a
large area of desert and in monitoring small, hard to find young torteises (Berry and
Turner 1986, Shields 1994). The exicnt of predation can be estimated by evaluating
juvenile torloise carcasses found throughout the desert. Berry (1985) and Boarman and
Hamilton (in prep) analyzed the characteristics of 150 and 266, respectively, juvenile
tortoise shetls 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 ot the desert in California. Beneath 23 transmission towers in
Nevada, McCullough Ecological Systems (1995} found the remains of 78 juvenilc
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 because 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 for long-lived ones that first reproduce later in life (approaching 20 years), like
the desert tortoise {Congdon et al. 1993, 2002). Lifc 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 mortality 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 found beneath raven nests was recently completed
{Boarman and Hamilten in prep.). [t showed thal ravens prey un tortoises throughout the
Mojave Deserl in California, but probably not ail ravens nesting in tortoisc habitat ate
tortoises. The most shells found at ane nest in one year between 1991 and 1997 was 28,
which were found beneath each of twe 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 bireeding season, however, most foraging is probably done near the nest
{Sherman 1993) and mosl lood is likely brought back to or near the nest, so the rcsults are
probably relatively accurate if conscrvative.

There are little data available to determine the effect other predators might have
on desert tortoise populations. For ¢xample, finding shells chewed by mammals,
probably canids, and tortoise remains in coyote scat, Berry (1990 as amended) reported
evidence of canid or felid predation at four out of twelve study plots in California.
Proportion of deaths attributable ta inammalian predators aver all 12 plots was 53.%
(ranged 1.8% to 45.3% among the 4 plots where mammal-related mortalily
determined). Turner et al. {1997b) determined that ynost tortoise nests that failed were
dug vp by coyotes or kit foxes, but no data were presented. [n 1998 and 1999, 47% and
12%, respectively, of nests studied at Twentynine Palms {(MCAGCC) were dug up,
prohably by kit foxes (Bjurlin and Bissoneite 2001). Bjurlin and Bissanette (2001} also
believed that feral dogs cause a significant amount of mortality among adult tortoises in
thc arca, but presented evidence for only one such death. They did report a high
incidence of canid-like shell damage to live tortoises and the presence of feral dogs and
dog packs within their study site. The effect that {eral dog predation has on torloise
populations appears to be an emerging problem that warrants further documentation,

Non-ORV Recreation

Non-ORY recreation in the Mojave Deserl includes camping, nature study, rock
collecting, sight-seeing, huniing, horseback riding, mountain biking, and target practice.
There are no studies concerning their impacts on tortoise populations: hence, there may
or may not be impacts. Likely impacts include handling and disturbance of torioises; loss
of habitat to campgrounds, picnic areas, scenic pull ouls, vandalisrn, and other support
facilities; increase in road kills; and supporl of mvens 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 1o the problecms with increased access to tortoise habitat (discussed in "Human
Access o Tortoise Habitat" section, below), Given the increased interest in non-
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motorized recreation in the deserts, this is an imporiant area for future research. There
are no studies that directly measurcd 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 are two additional recreational activities that may
impact tortoises. One of the primary anthropogenic causes for wildfire in the deserl is
from bullets striking rocks (R. Frankiin, BLM Fire Management Officer, pers. comm.),
which can occur while hunting or target practicing. The California Depariment of Fish
and Game has constructed an array of small- and big—game guzzlers to help facililale
growth of game species populations. Not only can ravens sometimes access watet at the
big game guzzlers, but torloises can get caught and die in some types of small game
guzzlers. Hoover (1996} found the remains of 26 torloises in B9 of the upland game
watering devices in California. Finally, people target practicing, which is a very dilferent
activity than hunting, might also illegally use tortoises as targets (Berry 19B6a, see
“Vandalism,” below).

Roads, Highways, and Railroads

Roads, highways, and railroads have several impacts on desert tortoises and their
habitat. Direct impacts may include inortality through road and train kills and destruction
of habitat (including burrows}. Possible indirect effects include degradation of habitat
because thcy serve as corridors of dispersal for invasive plants, predators, development,
recreation, and other anthropogenic sources of impact. Roads, highways, and railvoads
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 [[996)
reported finding 115 tortoise carcasses along 28.8 km of highway in the west Mojave.
This represents a conservative estimate of 1 tortoise killed per 3.3 km of road surveyed
per vear, This source of mortality primarily affects subadults and adults, although the
results are partially skewed by the difficully 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 losscs to road kills in the desert because mortality rate likely
depends on wraffic speed and volume, density and demography of surrounding torioise
population, and perhaps width and age of read. The results also cannel be applied to
lightly traveled pavcd or dirt roads because of a four-way relationship between tortoise
density, road conditions, traffic yolume, and road kill rate. A tortoise depression zone
exists along highway edges and extends to 0.4 km or further (Nicholson 1978, Berry and
Turner 1987, Berry et al. 1990, LaRue 1993, Boarman and Sazaki 1996, van Seckendorll
Hoff and Marlow 1997, <f. Baepler et al. 1994), The cause is probably primarily road
kills, but illegal colieetions, noise, and other factors may also contribute although there
arc no data to evaluate their likely or relative efTects.

A common mitigation [or the impacts of roads and highways is a barrier fence,
which has been shown to be highly effective at reducing mortality in tortoises and ather



verlebrates in the west Mojave (Boarman and Sazaki 1996). However, fences only
increase the frapmenting effects of roads. Preliminary results of an eight-year long study
indicate that culverts are used by tortoises to cross highways (Bearman et al. 1998), but it
is unknown whether their use is sufficient to ameliorate the fragmenting effects of fenced
highways (Boarman and Sazaki 1994).

Roads are also major attractants for common ravens, which are predators on
juvenile tortoises (Knight and Kawashima 1993, Boarman 1993). Ravens, being parily
scavengers, are known for cruising rcad edges in search of road kills (Boarman and
Heinrich 1999}, but risk of predation is not increased near roads {Kristan and Boarman
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 providing 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 (1} they wander onto the read, {2) vehictes pull onto the vegetated
shoulder of the road, (3} grading or mowing activities occur during times of tartoise
aclivity, (4) herhicides are applied to control growth of weeds along the road shoulder, or
{5) they are seen and caught by passers-hy. Brooks (1998} found a significant positive
carrelation between number of alien annual plant species ncar roads and density of dint
roads., and the specics richness and biemass 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
tortoises getting caught between the rails (Mount 1986). No published studies were
found that looked for train-killed 1ortoises 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
alsa affect tortoises that live alongside railroads, but has not been studicd (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 noisc
negatively affects the behavior, audition, or reproductive success of these tortoises.

Utility Corridors

Comidors formed by utility and energy rights-af-way cause linear impacts to
populations and may have levels of impacts well beyond those of many peint sources of
impacts. In a retrospective evaluation of results of 234 Biological Opinians issued by
USFWS in California and Nevada {LaRue and Dougherly 1999}, 80% {47/59) of the
tortoises reportedly killed in California and Nevada were killed along utility corridors.
Most of those were along the Kerm-Mojave Pipeline (Olson et al. 1993, Olson 1996).
Considerable habitat desteuction or alteration occurs when pipelines and transmission
lines are constructed and the impacts are repeated as maintenance operations or new
pipelines ar power lines are placed along existing corridors. Trenches apened for laying
or maintaining pipes may serve as traps for tortoises and other animals (Olson et al.

55 -



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 succession along pipeline corridors (Vasek et al.
1975) not only may suppress regular use by toroises, but may function to reduce
dispersal across the corridor thus effectively fragmenting a previously intact population
(this view is speculative).

The presence of transmission tewers in areas otherwise devoid of other raven
nesting substrates {e.., Joshua trees, palo verdes, cliffs), inay introduce heavy predation
1o an area previously immune to such predation {Boarman 1993). Most raven predation
on tortoiscs appears to occur during the raven breeding season (April - May, pers. obs.).
By one estimate, ravens probably do most (75%) of their foraging within 4060 m of their
nest (Sherman [993) and raven predation pressure is notably intense near their nests
{Kristan and Boarman 2001). Therefore, ravens nesting on lransmission fowers, where
no other nesting subsirate exists within about 800 m, may significantly reduce juvenile
torteise populations within 400 m of the corridor, but this effect is quite localized.
However, recent unpublished data on the distribution of raven depredated juvenile
tortoises sugpests that not all ravens nesting within tortoise habitat actually eat torloises
(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 lorteise 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 (Nicbolson 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 torloises being vandalized include shooting, crushing, running over,
chopping off heads, and turning them over {Berry and Nicholson 1984a, Berry 1986a,
Bury and Marlow 73). Most reports of specific incidents are anecdotal, bul sometimes
sobstantial. Thc most quantitative accounis 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 collected at |1 sites) showing evidence of being
shot. The propartion of carcasses showing evidence of gunshots was significantly higher
from west Mojave sites (20.7%) than from east Mojave (1.53%) and Colorado (2%) desen
gites. Eleven of the 58 {19%) tortoise found dead on the Beaver Dam Slope, Utah,
showed signs of tfraumatic injury. This category included individuals exhibiting punshot
wounds. These ranged from pellet wounds through .22 caliber holes to one individual
exhibiting a .44 caliher bullet wound.
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Wild Horses and Burros

Wild burro and tortoise ranges overlap in some places, bur 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 alieration through soil compaction
and vegetation change. Burro populations are probably nol extensive enough in most
areas lo 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 hahitat and thus refers primarily 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
torloises for food or cultural ceremonies on a few occasions (USFWS 1994). One study
supported the intuitive impression that poaching occurs ¢lose to roads (Berry el al. 1996),
hut the methoads employed were not very precise (couniing burrows that appeared to have
heen dug up with shovels) making the results weak at best. Since roads likely provide
aecess 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 raad poses potential harm to tortoises and their hahitat and the
more roads there are the greater is the proportion of the torteise population that is under
the threat of illegal off-road activity. Boarman and Sazaki (1996) demonstrated that
tortoises regularly die from collisions with automabiles and Nicholson (1978) showed
that the rate of mortality probably increases with traffic volume. So, road kill is probably
proportionally lower on lightly traveled dirt roads, but may still exist. However, because
torloise populations are probably less depressed alongside lightly traveled roads
{Nicholson 1978) and if tortoises are Iess inhibited from crossing narrower, dirl-covered
roads (for which there are no data), we may speculate that proporiionally more torlcises
may cross lightly traveled roads. The possibility does exist that ORVYs may crush
torioises or their burrows on or off of roads (Marlow 1974, Bury and Luckenbach 1986,
Berry 1990 as amended),

Muortality 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 avea 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 {1993) also demonstrated that OR Y recreationists ignored BLM signs indicating
trails and roads were closed to vehicles in the Rand Mountains. An averape of 1.5 new
tracks was counted along 17 trails 6 to 7 days after the trails were raked. An average of
[0.0 tracks was found along 20 unmarked routes (again, no statistical analyses were
pravided), which suggests that the signs were essentially ineffective at preventing people
from riding on closed trails. The motorcycle activity occurred over Thanksgiving
weekend, 1991.

Furthermore, there is ample evidence that occasional driving off of toads
compacts soil and damages vegetation (Vollmer et al, 1976, Webb 1983, Adams et al.
19823, b, see also “ORV™ section, above). The greatest increase in compaction can oceur
afier a single or very [ew passes by a vehicle over unimpacied soil {Webb 1983), or at
least soil strength ¢a measure of compaction) is significantly increased after a very few
passes by an SUV (Adams et al. 1982a, b). Any driving or even walking over
cryptogamic crusts damages the ¢rust (Belnap 1996).  As discussed in the "ORY
Activities" section, above, therc arc very liitle data to indicate how these habitat
alterations might afTeci tottoise populations. ).

Other potentinlly harmful activities that likely occur in greaier numbers near roads
include: mineral exploration, illegal dumping of garbage and toxic wastes, release of ill
tortoises, vandalism, anthropogenic fire, handling and harassing of 1orloises, and trailing
of sheep (Berry and Nicholson 1984a). Invasive plants also proliferatc near roads and
where road densities are hipher (Brooks 1995, 1999a). The threat pased to torloise
populations by all of these factors likely increases with increased access afforded by the
proliferation of roads, even very lightly traveled ones. Furmhermore, some of these
individual threats may be relatively low, but their cumulative impact may be great. Berry
(1990 as amended, 1992), presents data that suggests a correlation between tortoise
population declines and density of roads, trails, and tracks on torteisc study plots, but the
results have not been treated to statistical analysis. This imponant association between
access and tortoise wellbeing needs further study,

Habitat Loss, Degradation, and Fragmentation

One of the most pervasive problems for desert torioise populntions 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 resull of several of
the individual threats discussed above,

Habilat 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 afier soil is heavily eompressed and
vegetation is destroyed afler many vehicles drive over the area). Previously useful
habitat inay be rendered unusable, but may appear superficially similar to useable habitat.

abitat degradation consists of human-mediated changes in habitat charactetistics
that render an area less valuable to, but still potentially usable by, torloises. The
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degradation may be manifested in altered soil structure, increased exotic planls, lower
abundance of preferred forage plants, reduced availability of effective cover siies, or a
combination of these traits. The degradation may uot directly cause increased mortality
in toroise populations, but may reduce reproductive output or cause soue animals to
leave the area in search of less depraded habitat,  Although these responses have been
hypothesized, there have been no studies on tortoise habitat choice or preference pattemns
changing as a result of habitat changes.

Many of the impacts discussed above [t easily into the catcgory of habitat
degradation that may significantly reduce habitat quality for tortoises. A single vehicle
driving over a scction of ground may have little impact by itself {Adams et al. 1980a, b},
but when that 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 dint road
(Sharifi ¢t al. 1997), the cumulative habitat degradation may significantly reduce quantity
or quality of forage for tortoises. The cumulative eftects of factors leading to habitat loss
and habitat degradation have been implicated as causes in the extirpation and drastic
reductions in tortoise 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 1984a, IFeldmeth and Clements 1950,
Tierra Madre Consultants 1991, USFWS 1994),

Fragmentation i5 the process by which solid blocks of habitat and populations
depending oh the habitat are broken up into smaller subunits with limiled dispersal
between habitat blocks (Meffe and Carroll 1997). Rivers, mountain ranges, major
changes in s0il or habitat type all represent natural causes of fragmentation. Highways,
railroad tracks, towns, and other developments, isolated and conglomerated, are examples
of antbropogenic factors that frapment desert torloise habitat in the West Mojave Desert.
Smaller populations are more susceptible ta 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 resull in the inability to adapt to shor- or leng-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 hatrder 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 floods) and random
environmental fluctuations in such things as food resources. These processes (genetic
deterioration and demographic consequences of small populations) are thcoretical
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 inlerior: temperature, humidity, light, chemical inputs, etc.,
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may all dilfer in edge regions. The distribution and persistence of many plant and animal
species are ofien strongly affected by these microenvironmenial 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 (936, Wilcove et
al. 1986). For desert torloises, the edge effect is a theoretical passibility, but it has not
been well documented in tortoise populations. Furthermorc, some edge effects may only
function over relatively short distances (e.g., tens of yards) or not at all {(Ratti and Reese
1988, Murcia 1993).

There are little data that directly test this hypothesized cumulative effect of
multiple impacts on tortoise populations. Berry and Nicholson (1984a) do cite anecdotal
evidence of the |oss of previously-existing papulations in now heavily-populated arcas of
Antelope, Lucerne, and Yucca valleys. Berry et al. (1994) preseni correlative data
showing that declines in tartoise populations in the Rand Mountains and Fremant Valleys
correlate with increases in a suite of human impacts. The Descrl Tortoise Recovery Plan
(USFWS 19%4) provides data that show significant declines occurred n populations
exhibiting high ralcs of human-caused mortality.

Urbanization and Development

Whereas construction activity (trcated 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 (althaugh 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 activitics, disruption of torloise behavior, and road kills (Berry and
Nicholson 1984a, Luke et al. 1991).

Developments may be relatively isolated from each other, but “Urbanization™
refers to cumulative effects of multiple and ncarly contiguous developments including
construction of permanent residences that cover large arcas, 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 1oroise popularions {Berry and
Nicholson 1984a, Feldineth and Clements 1990, Tierra Madre Asscciales 1991, section
titted “Habitat Loss, Degradation, and Fragmentalion™), Some recreational activities may
emanate direcily from urban areas. Wild dogs may be more prevalent (e.g., Bjurlin and
Bissonette 2001) and collecting, handling and vandalism of tortoises could inci¢ase
where there are more people. Captive tortoises, potentially infected URTD (see
“Disease" section, above), ate more likely to escape and help spread disease to the native
population (Jacobson 1993, Berry pers, comm.). lllegal dwmping is prevalent {pers.
obs.), raven populations are larger (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 deserl are ofien the source of much fugitive dust (Wilshire
1980). Many of these impacts 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 electrical
transformers werc erccted in torloise habitat at Mesa, California. Approximately 10-20
years later, there were still tortaises 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. Torloises may persist in this area
because of the relatively low level of actual human activity in the wind patk and the high
productivity in the area, which is in the ecotone between crepsote scrub and coastal sage
serub habitat.
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INTRODUCTION

The recent discovery of the San Fernando Valley spineflower (Chorizanthe parryi var.
fernandina) 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 porlion of the spineflower population, the majority of the known
population is proposed to bc conserved onsite. Residential development is planned
adjacent to the proposed spineflower preserve area,

An eftective 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 effects, 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 potcniial impacts to the conserved spineflower population from
adjacent devclopment 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 (o time limitations. The summary presented herein is
intended to (1) focus on potential impacis to sensitive plant species, and (2} addicss those
risk factors associated with edge effects most likely to affect the spineflower, bused on
current knowledge of the species’ biology. All identified risk factors have the potential to
negatively impact some aspect of the specics” biclogy or habitat; however, information is
not yet available to definitively determine which fuctors pose the most serious threat to
the species’ persistence. This paper analyzes identified risk factors in relation to preserve
design and proposcs management actions and alternative scenarios to minimize or reduce
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 lang-term viability of the spineflower
population on Ahmansop Ranch and to identify specific managemeni measures to ensure
its persistence. This section summarizes our current knowledge of spincflower biology
and limitations to our knowledge.

Nole that a sustainable population is not measured by spacies presence alone, but by the effective size of
a population in contributing to future generations relative o an ideal population. The effective
population size may be smaller than the census papularion number. Estimales of effective population
size may be determimed through demographic monitoring or genstic studies (Barrett and Kohn 1991).
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San Fermando Valley spineflower is a small annual plant in the buckwheat family
{Polygonaceae). This low-growing species 1s characterized by prostrate to ascending
stems, small white fowers, and straipht involucral awns (Hickman 1993). Historical
habitat for the San Fernando Valley spineflower was apparently deep, low nutrient soils
of sand beaches, or soils with similar characieristics that occurred as mosaics within
coastal sage scrub and, possibly, vallcy 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 ¢eecurs
in open arcas on compacted or recently disturbed soils that support few other plant
species. It is unclenr whether this association indicates that the spineflower prefers
compacted soils, or if it is restricted Lo 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. If spincflower
densities are lower than normal on compacted scils, this may have long-term genetic
consequences if spineflower populations are restricted {o 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 lowered 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 19938).
Groom (1998) documented that small patches of an annual herb suffered reproductive
failnre due to lack of effective pollination when critical thresholds of isolation were
exceeded. In contrast, larpe patches aftracted pollinators regardless of the level of
isolation.

San Fernando Valley spincflower most likely forms a persistent seed bank in the soil,
with seeds germinating under specific climalic conditions {(e.g., appropriate temperature
and amount an timing of rainfall). Seed banks typically contain multiple genotypes from
various ycars, but years yielding large seed crops contribute disproportionately to the
bank (Templeton and Levin 197%). In this respect, seed banks contain the “evolutionary
memory” of a species (Del Castillo 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 plant species.

Little is known about the reproductive biology of the spinellower (including whether the
species is strictly outcrossing or can also self-pollinate). A wide range of insect visitors
was observed on spinellower flowers during the 1999 field surveys (GLA 1999), but it
has not yet been determined if any of these are effective pollinators. Insects ohserved on
the spinellower included ants {mostly of the Dorymyrex insanus complex), ant-like
spiders (possibly Micaria spp.), Buropean honeybee (Apis mellifera), bee-flies
{(Bombyliidae), a small bumblebee (Bambus sp.), and tachnid flies {possibly Archytas
spp.) {GLA 1959). Of these species, the ants appeared to he the most frequent flower
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visitors. Determination of the reproductive sirategy is necessary to assess whether
pollinators are important in maintaining the spineflower population. Determuning 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 relatcd
taxon (Eriogonum) and on the spineflowers’ floral morpheology, Dr. James Reveal (pets.
comm.) suggests that the San Fernando Valley spineflower may be capable of both cross-
pollination and self-pollination. Oufcrossing 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-rcceptive 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 the
San Fermando Valley spineflower (eg., whether the [lowers are protandrous versus
protogynous, whether self-pollination is autogamous versus geitonogamous, etc).” Dr.
Tones notes that related taxa having similar floral structures may function ditferently from
one another.

Reveal (pers, comun.) has observed other spincflower species being effectively pollinated
by ants, but indicates that, in thosc cases, ants are incidental (secondary) rather than
primary pollinators., Jones (pers. comm.) ohserved high densities of ants in and out of
spincflower corollas in the 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, Polygonum
cascadense. Peolygonum cascadense shares several similarities with the spinellower,
including habit {e.g., low, erect annual}, habitat (e.g., open, dry slopes), and passibly,
reproductive characteristics (e.g., stamens maturing beforc the stigma).

The spineflower involucre {whorl of modified leaves adjoining each [lower) 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 dispers:l; however, studies have not yet been conducted to determine whether
any animals onsite effectively disperse spineflower seed. Reveal (pers. comm.) notes that
gallinaceous birds thal peck and scraich at the soil surface can be cffective in planting
seeds of chorizanthoid species as non-incidental dispersal agents, and that localized
dispersal may also be accomplished by small tnammals. The one season of dala indicates
relatively high seed production for the spineflower. It 1s not known whether seed
predation by animals significantly affects the sced bank.

Protandry refers lo the condition in which flowers shed their pollen before the stigma hecomes
recepiive. Protogyny refers to the opposile condition, i.e., Ihe stigma matures and becomes receptive
before the anthers dehisce and shed pellen. Aulogamy refers to self-pollination thar occurs when a
flower is pollinated by its own pollen, whereas geitonogamy is the condition in which a flower is
pollinated by pollen from another flower on the same plant. The lalter is, in cffect, self-pollination
because the results are genetically identical to pollination by autogamy (Procior et al. 1996).
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Fire has been suggested as a possible management tool for maintaining or enhancing
spineflower habitat. The effects of fire on germination of the San Femando Valley
spineflower huve not yet been established. Studies on a closely related taxon
(Chorizanthe parryt var. parryt) thal occurs in similar habitat indicate that fire has at least
a short-term inhibitory effect on seed germination (Ellstrand 1994; Ogden 1999),

BACKGROUND ON EDGE EFFECTS

In the context of conservation biology and prescrve design, edge effects are defined as
adverse changes to natural communitics 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 cffects of development on adjacent biological resources. Examples of edge
effects include increases in invasive, weedy species, increased trampling and soil
compaction from human tecreation, or increases in nonnative animal species. Edge
effects have been documented within specified distances of developed tands, although the
impacts may be species- or resource-specific and tempered by a host of site-specific
factors, including microtopegraphy (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 resonrees can occur at distances ranging from 150 to 600
feet from the edpe of the urban-wildland interface (e.g., Gates and Gysel 1978;
Brittingham and Temple 1983, Andren et al, 1985, Wilcove 1985, Angelstam 1986;
Wilcove et al. 1986; Temple 1987, Andren and Angelstam [988; Santos and Telleria
1992; Alberts et nl. 1993; Scott 1993; Vissman 1993). The majority of these siudies
focus on impacts to wildlife habitat. Few studies that we reviewed focus specifically on
edge effects to plunt 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 Femando Valley spineflower resulting trom the proposed preserve
design. Kelly and Raotenberry (1993) note that the effective sizc of an ccological preserve
is almost always smaller than the area within the preserve boundary, or the total preserve
size. The effective size is penerally referred to as the core area. 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 rmisk factors. Edge effects can be
particularly significant for small reserves because of their relatively large perimeter to
core ratios (Soulé et al, 1988; Bolger et al. 1991; Saunders et al. 1991). An effective
buffer width can be determined on a site-specific basis by (1) identifying risk factors and
potential impucts to the species of concern within the preserve and (2) determining the
permeubility of the urban-wildland boundary to vectors of those risk factors. Altering the
boundary permeability ibrough habitat management is a potential method for mitigating
identified impacts (Kelly and Rotenberry 1993). However, this method may not bc
effective for all types of 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 merthod of avoiding and minimizing
impacts to the preserve (i.e.. designating a land use buffer outside the preserve).

RISK FACTORS AND POTENTIAL IMPACTS

Prcliminary studies on the biclogy 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}
*  jow nutrient soils

* pollinators

* seed dispersal agents

¢ extant sced bank

Risk factors at the urban-wildland boundary that may affect these parameters include the
following:

= nponnative, invasive plant and animal species

e vegetation clearing for fuel management or creation of trails
+ trampling

* increased water supply due to suburban irrigation and runoff
* chemicals (e.g., herbicides, pesticides, fertilizers)

* increased fire frequency

Some of these risk factors could affect more than one of the parameters. Potential effects
of these risk factors on the spineflower population arc discussed below.

Invasive Planf Species

San Fermando Valley spineflower appears 1o prefer open patches of bare ground, which
are often invaded by exotic plant species, as well (Amor and Stevens 1976; Forcella and
Harvey |983: Bazzaz 1986; Alberts et al. 1993). Although the spinetlower on the
Ahmanson Ranch was noted on thin, compacted soils lacking nonnative grasses, it is not
clear whether spineflower density is significantly lower on these soils versus an deeper
soils or whether nonnative grasscs may be more abundant in these arcas 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 coaslal sage scrub in Riverside
County in years with vuriable rainfall amounts.

Direct competition between native and exotic plant species is well documented {Alberts
et al. 1993). Furnlhermore, 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 ct al. 1988; Usher 1988; Vitousek 199{0; D’ Antonio and
Vitousek 1992; Alberts et al. 1993). Vitousek and Walker (19589} noted that aggressive
nonnative species might displace native speeies by altering soil fertility.

MacDonald et al. (1988) reported that reserves surrounded by development areas
supporting populations of exolic species are most subject to invasion. However, in
studies ou the effects of urban encroachment into natural areas in the Santa Monica
Mountaius, Sauvajot and Buechner (1993} found that direct habitat alteration or
disturbance within natural areas is a mote 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 Worlcy 1992; Brothers and
Spingam 1992; Matlack 1993).

In a review of biological invasions of 24 nature reserves, Usher (1988} reported a positive
comelation between the number of human visitors and the number of introduced species.
Further, he cited circumstantial evidence that invasive plant species ar¢ most common
near paths through the reserves. Tyser and Worley (1992) provided data indicating that
alien plant species extend up to about 325 feet inte natural habitat from primary roads,
secondary roads, and backcountry trails. They found a gradual decline in species richness
with distance from the cdge, 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 1993}, 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 adjaccnt to reserves.

Factors that affect the success of invasions include dispersal ability of the invasive
species, in conjunction with size and distnibution of gaps in the vegetation
{(McConnaughay and Bazzaz 1987; 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, Senecio vulgaris, of 1.1 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 (Serecio jacobaea) traveled 16 feet or less,
while no seeds were observed >45 fect from the source in a mark-recapture study. They
noted, however, that secondary dispersal and animal dispersal may increase imitial
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 (1991), 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 intermountain region of western North America, found invasive plants cxtending
over 325 feet from road and trail edges, although there was a gradual decline in invasive
species richness beyond about B0 feet. Amor and Stevens (1976) also found a general
decline in invasive plants with increasing distances from roads into sclerophyll forests in
Australia. They rcported that at 100 feet from a road edge, the majonty of invasive
species cither dropped out altogether or occurred in lower percentages than at the road
shoulder, patticularly in drier plant communities. In the presence of artificial sources of
water, however, the accurrence of some iuvasive 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 peneral, Alberts et al. (1993}
found that ruderals tend to invade reserves quickly, given appropriate sitc conditions,
whereas omamental species imvade reserves over a longer period of time, and their
presence is correlated with increased sources of water.

Invasive Animal Species

The effect of nonnative animal species on biological resources wilthin 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. 1597); however,
most of this literature pertains to effects on wildlife species. For caample, both domestic
dogs and cats are known to adversely impact native wildlife, with effects ranging from
harassment to disturbance of brecding activitics to predatioo (Kelly and Rotenberry 1993;
Spencer and Goldsmith 1994). Domestic dogs have been ohserved within reserves at a
distance of greater thau 325 feet from the edge, while cats have been observed within
reserves more than 1 mile from human dwellings in Riverside County (Kelly and
Rotenberry 1953). An increase in nonnative predators as a result of development adjacent
to the spineflower preserve could potentially atfect popnlations of rodents {e.g., kangaroo
rats, pocket mice, pocket gophers) that may act as seed dispersal agents or play a rolc in
bioturbation.” In a study of twa populations of house cats an a suburban-desert intecfacc
near Tucson, Arizona, Spencer and Goldsmith (1994) found that most prey were diumal
species of rodents, birds, and reptiles. Radio-tracking studics indicated that the cats spent
over 30% of their time within 100 feet of houscs, although this may have been related to
an abundant coyotc population. Spencer and Goldsmith (1994) suggested (hat 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 spineflower 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 the role of seed dispersal oo metapopulation growth

?  Bioturbation is the acration and mixing of sail 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 model predicts that a
strongly dispersing metapopulation is hardly affected by temporal environmental
heterogeneity, while metapopulations with moderate or no dispersal capabilities suffered
extinction in every replication. However, granivorous rodents tend to seleciively harvest
large seeds (Brown and Lieberman 1973; Brown et al. 1979; Samson el 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 clusters of involucres. Even if
rodents do not play a significant role in spincflower seed dispersal through seed
predation, they may still effect some localized dispcrsal when the awn-tipped ivolucres
{and seeds} become temporarily attached to their bodies. In addition, rodents may
indirectly benefit the spineflower by suppressing populations of larger-seeded annual
plants thal compete with the spinefllower (Davidson et al. 1984; 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 1995). Long-term studies in the Southwest have dcmonstrated that selective
removal of kanparoco rats, for example, resulted in much less disruption of the soil
surface, higher densities of tall perennial and annual grasses, jucreased accumulation of
litter, decreased foragiog by granivorous birds, and differential colonization by rodents
typical of grassland habitats (Brown and Heske 1990; 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 amang 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 plunt species (Trillium ovatnm) 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 spineflower seed dispersal or predation. In light of
these uncertainties, it therefore seems important to maintain as natural a mix of native
seed dispersers/predators as possible, and to minimize ecological imbalances due to
abundant nonnative species.

One invasive species that has been documented on the Ahmanson Ranch and may
potentially increase in dominance over lime is the Argentine ant. Ant surveys indicated
thut 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 often considered vulnerable to Argentine ant invasions. There is
evidence that this exotic species rapidly invades disturbed areas within stands of native
habitat {Erickson 1971; Ducote 1977 in Suarez et al. 1998; Ward 1987; DeKock and
Giliomee 1989; Knight and Rust 199}; Suarez et al. 1998). Suvarez 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 lhe nearest urban edge, whersas areas sampled
heyond 650 fect contained few or no Argentine ants. However, Argentine ants have also
been found at distances of approximately 1300 feet and 3,280 feet from the edge,
respectively. in other urban reserves in southemn 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 1976 in Suvarez et al. [998; Ward [987; Knight and Rust 1990;
Holway 1995, 1998). Tremper (1976) reported that Arpentine ants desiccate more easily
and are less tolerant of high termperatures than native ants. Suarez et al. (1998) indicated
that the presence of the Argentine ants in urban 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 (2.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 (1996) found Argentine ants thnving in areas disturbed by
human activity, but indicated that their presence is also related 1o added ground cover,
permanent water supphies, and a simplified native ant fauna.

Although the reproductive strategy of the San Fernando Valley spineflower is not yet
known, Neld studies indicate that flowers are visited by a number of inveriebrate species.
Presumably, one or more of these species function as effective pollinators of the
spineflower. Invasive faunal species (e.g., Argentine ants, parasites) have the potential to
negatively impact pollinator populations. Loss or limitation of pollinators may adversely
affect the long-terrn survivability of the spineflower by reducing seed output (e.g.,
reproductive failure) if there is no selfing (Jennersten 1988; Bawa 1990) or decreasing the
cffcctive population size through reduced gene flow (Bawa 1990; Menges 1991 Aizen
and Feinsinger 1994). Some studies have shown that pollivator 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 edgc.

It has been hypothesized that native ants may be a primary or sccoudary pollinator of the
San Femando Valley spineflower (GLA 1999). The Argentine ant is known to displace
native ant species (Erickson 1971; Tremper 1976 in Suarez et al. 1998; Ward 1987,
Holway 1995; Human and Gordon 1996; Suarez et al. 1998}, although this apparently has
not yct occurred in spineflower habitat on the Ahmanson Ranch. Nonetheless, potential
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nepative interactions between native ant specics 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 et al. 1996},
although Jones (pers. comm.} indicales that ants may be a major pollinator of cushion
plants in desert areas and Hickman {1974) has demonstraled effective ant pollination in a
taxon related to the spineflower. Ant-pollinated plants tend to occur in hot, dry habitats
and arc further charactenzed by a prosurate or low-growing habit, small, inconspicuous
flowers close to the stem, intertwining plants within a population, few seeds per flower,
and small pellen 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,' Paton (1986 in Visser et al. 1996) 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 Profea nitida, and found
that 10 of 11 insect 1axa showed reduced numbers where Argentine ants were present and,
in 5 cases, these reductions were highly significant. In addition, the total nuinber of
tnsects 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 resolt in reduced pollination 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 cxpected 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
sead distribution (Reichman 1984, 1979) und 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 persisience by reducing spineflower seed number and
distribution. Bond and Slingsby {1984} investigated the effects of displacement of native
ant species by the Argentine ant ot a myrmecocharous plant® in South Africa, and fouad
that the Arpentine ant negatively atfeeted seed dispersal and plant regeneration. Native
ant species typically carry sceds to their nests, where they remain or are later discarded in
nearby middens. Whilc the ants detive nutritional benefits from the seeds, this process
also increascs scedling recruitment by minimizing competition near the parental plant,
reducing seed predation at the soil surface, und enhancing plant growth in the nutrient-
enriched soils of the nests or middens (Marshall et al. 1979; Heithaus et al. 1980;
O'Dowd and Hay 1980; Bond and Slingsby 1984). In coutrast, Argentine ants are slower
1o discover seeds, move them a shorter distance, and fail to store them in below-ground
nests, thus resulling in decreased dispersal and increased seed predation {Bond and
Slingshy 1984, Holway 1999). Bond and Slingsby (1984) reported significant decreases
in seed germination and establishment in areas infested with Argentinc ants compired
with uninfested areas, and ascribed these differences primarily to increased seed

4 Fynbes is a chaparral-like vegetation community found in mediterranean climale regions of South Africa
and Australia. It is dominated by evergreen shrubs with sclerophyllous (hard) leaves (Dallman 1998).

* A myrmecachorous plant is dependent un anis 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
relatively 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 cffects of
Argentine ant invasions on hative plants would be indirect and related to a depleted seed
bank. 1t 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 commuoities 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-dispcrscd seeds that are quick to germinate,
establish, and grow {Frenkel 1970; Amor and Piggin 1977; Bazzaz 1986}. Thus, weedy
exotics aoften out-compete native species that utilize similar habitats, Clearing of
vegetation along the urban-wildland interface (e.g., firebreaks, roads) or within a preserve
system (rouds, trails) may provide opportunities for such weedy species to gain a footheld
in the preserve (Amor and Stevens 1976, Amor and Piggin 1977, Lonsdale and Lane
1991 in Hobbs and Humphries 1993).

Trampling

Trampling cun affect the spineflower either by damaging individual plants or altering the
ecosyslem. Maschinski et al. {1997) demonstrated that the combination of trampling and
poor climatic conditions resulted in an accelerated extinction probability for a native plant
species. In this case, trampling directly affected plant fitness, resulting in significantly
lower fruit production. Trampling can also create gaps in vcgetation that provide
opporuunities for exotic plant establishment (Hobbs and Huenneke 1992). Cole (1987)
reporied that even low levels of trampling caused a substantial loss of vegetation cover
and species diversity, and resulted in an increasc in soil compuction, whereas soil ercsion
occurred with higher levels of trampling. In other studies (see Dale and Weaver 1974,
Bright 1986}, specics 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 wfted growth form (e.g., grasses) arc morc
resistant to trampling than herbaceous plants, such as the spineflower, whose branchces or
stems could be easily crushed or broken (Cole 1987; Hall and Kuss 198%). Refer to the

Contservation Biology Fnstitie 11 111900



litcrature cited above {plant invasions, vegetation clearing) for discussions on invasion of
gaps or vegetation 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 envitonmental 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 years of
trampling at relatively high intensities (Cole 1987).

Increased Water 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 increascd crosion and transport of particulate matter (Saunders
et al. 1991). Alered paticerns of erosion may deposit new substrates for plant
colonization, although such areas are olten quickly colonized by weedy species that
require 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 (1998) indicated that Argentine ant colonies are often
dispersed into new areas by jump-dispersal events such as floods, and that these types of
dispersal events are an important component of the large-scale dynamics of Argentine ant
1NYas10ns.

Increased snrface moisture or underground seepage that results in increased soil moisture
levels may also promote the cstablishment of exotic plant species (Alberts et al. 1993;
Mcintyre and Lavorel 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 the urban-wildland interface due
to the underlying substrate, However, the current project design includes a few hundred
feet of man-made slopes between two stands of the spineflower, and there is the potential
for some seepage on these fill soils (Barker pers. comm.}.

Chemicals (Herbicides, Insecticides, Fertilizers)

Chemical pollutants can adversely affect binlogical 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 Mabhan 1996). Insecticide spraying
in adjacent residential areas can result in pollution drilt that kills pollinators in reserve
areas (Kelly and Rotenberry 1993; Allen-Wardell et al. 1998). Boutin and Johin {1998}
reported that chemical pesticide drift using ground equipment has been estimated at 1-
10% of the application rale within about 30 feet of the target. In a study on the effects of
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vanions herbicides on native plant species in a nature reserve, Marrs et al. {1989)
demonsirated that the maximum safe distance (ie., no lethal effects) was about 20 feet
from the spray source, althouph the averape 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
scasonal variability. For example, no damage was 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 bufler zone to minimize lethal effects (o
herbacecus 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 fentilizers, 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 the growth of
many plant species. Many native plant species, however, are adapted to low-nitrogen
syslems (Vitousek et al. 1997; Zink und Allen 1998). Viwusek 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 miay promote exotic weedy species to the
detriment of native species (Zink and Allen 1998).

Aerial fallout of nitrogenous compounds from automobiles may also contribute o
increased pmitrogen in the soil. Allen (1996) has observed high mortaliy 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 morality (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 the actual absorption or accumulation of such compounds. The level of
pollutants in roadside plants has been positively correlated with traffic density. Singh et
al. (1993) reporied the most significant effects where traffic volume was high (e.g.,
>4 (MM} vehicles per 2 hours).

Increased Fire Frequency

The effects of fire on the San Fermando Valley spineflower are not yet known. Seed
germination of a closely relaled taxon, Parry’s spineflower (Chorizanthe parryi var.
parryiy appears to be inhibited by fire in both greenhouse and natural settings (Ellstrand
1994; Opden 1999). Despite the inhibitory effect of direct scorching, fite may also prove
beneficial to the spineflower by creating openings and temporarily reducing competition.

San Fernando Valley spineflower occurs primarily in openings in coastal sage scrub,
although much of its hahitat on the Ahmanson Ranch appeurs to have been invaded by
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nonnative grasscs. The coastal sage scrub community is adapted to fire, bul not
completcly dependent on it for continued viability. In general, it is considered a relatively
stable vcgetation community over a broad range of fire frequencies, particularly if
detrimental factors such as fragmentation and exotic weed species invasions are
minimized. However, excessively long or short fire intervals may result in {1} 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. MNonnative grasses exert a number of undesirable cffects 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 cun 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 firc susceptibility (' Antonio and Vitousek 1992; Hobbs and Huenneke 1992).
Changcs in fire regimes due to invasive species can result in a wide range of ecosystem
changes, inciuding nutrient loss, altered local microclimate, and prevention of succession
(D’ Antonio and Vitousek 1992).

The use of fire has been sugpested as one method for controlling nonnative grasses.
Controlled bums have been used with some succcss to control nonnative grasses,
particularly in prassland 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-spriny fires were an
effectivc mcthod of controlling annual species that do not have well-developed sced
banks, or of reducing the size of the seed bank in those alien species that do form a seed
bank. Pollack and Kan (1998) suggesied that knowledge of the targel species’ phenology
is critical in effective timing of bums. In their study, late-spring burns were associated
with more intense [ire behavior and the need for fire suppression equipment (Pollack znd
Kan 1998). Controlled or prescribed burns are often suggested as a management tool to
improve habital characteristics, and a recent report of the Wildland/Urban Interface Task
Force (1994) included a wildland fire management-planning model designed to facilitate
prescribed burning and post-firc management. However, recent attempts to incorporate
butns (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., construction
or utility maintenance activities, children playing with maiches},

ANALYSIS OF RISK FACTORS

The objectives of this analysis are to {1) determine how msk factors can be reduced
through buffers and management actions; (2} provide a rclative ranking of risk factors
that pose the greatest threat to spineflower persistence, based on boundary permeability;
and (3) recommend buffcr/management scenarios that effectively address nisk factors.
This analysis utilizes a step-wise approach by first considering buffer widths alone as a
means of rcducing sk factors, then overlaying buffers with proposed management
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actions® to reduce potential negative effects from risk factors. Ranking of risk factors is
based on the litermture 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 impornant 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
effectiveness in minimizing identified risk factors. 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 tactors. Tablc 1 presents the relative
assessment of varying buffer widths in minimizing risk factors.

Tahle 1
ESTIMATED BUFFER EFFECTIVENESS FOR MINIMIZING EDGE EFFECTS
QF SELECTED RISK FACTORS ON THE SPINEFLOWER

RISK FACTORS BUFFER WIDTHS (FEET)'

15 30-50 30-100 200 300
Invasive Animals L L L M M
Increased Fire Frequency L L L M M
Invasive Plams L L M H H
Vegelation 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

effeciive; High () = highly likely to 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:

+ Imvasive 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 havc the ability to disperse much further into preserve areas. Argentine ants
also have the ability to disperse funther into preserve areas, but apparently only in

®  For the purpose of Lhis analysis, other peeserve 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 o be
highly effective in reducing fire frequency.

= Invasive Plants, Vegetation Clearing, Increased Waler Supply, and
Trampling --Invasive plant species and vegetation clearing are closely related
risk factors. Literature reviewed on invasive plants in temperate systems indicates
that thcy may extend up to 325 fcet 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 vepetation clearing) and dispersal ability of the invasive species, amang other
factors.

Surface runoff on the project site will be controlled through engineenng designs.
There is the patential for underground seepage, however, which may have u 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 trespass hy humans can be an effective means of introducing nonnative
specics into the preserve.

¢ Chemicals -- Lileralure indicates thal the majonty of pesticide drift from
chemicals will extend less than 35 feet from the soume. 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.

Management Actiony

Management actions are expected to have varying deprees of effectiveness in reducing
nepative effects of identified spineflower risk factors. For example, the project proposes
to control alterations in surface and subsurface hydmology through engineering designs.
Restrictions on landscaping palettes, irrigation, and bhabitat disturbance adjacent to the
preserve will reduce the potential for omamental, 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 as 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 ta be the most effective in
controlling edge effects. These recommendations may not be comprchensive, and their
effectiveness can only be roughly estimated at 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 enforcement feasibility for each measure.
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ESTIMATED MANAGEMENT AND BUFFER EFFECTIVENESS

Table 2

FOR REDUCING EDGE EFFECTS

RISK FACTORS/MANAGEMENT MEASURES

BUFFER WIDTHS (FEET)

15

30-50

80-100

200

300

Invasive Animals

* No Specific Managament Mensures®

L

L

M

¢ Restrict landscaping palettes adjacent to the
preserve to exclude uee of invasive cxotic
species

* Resirict irrigation in and adjacent o the
preserve

» Maintain current sukface and subsurface
hydrological conditions within the preserve
through cngineering desien of adjacent areas

= Utilize french drains 1o minimize seepage on
fill slopes, as determined necessary

» Ingpect plants used in revepetation efforts
in or adjaccnt to the preserve for pest specics
{e.g., Argentine ants)

* Avoid use of barriers (c.g., walls) with
subsurface footings within or adjacent to the
preserve

+ Tmplemsnt a bait centrol program for
Argentine ants, as determined necessary
through monitoring

* Bell cats in residential areas adjacent 1o the
preserve and educate homeowners on the
danger of coyotes to free-roaming cats

* Mainfzin habital conneclivity between
preserve areas to encourage nalive predators
in the preserve {thereby reducing populations
of nonnative predators) and allow for
recolonization of edge areas by native
mammals

¢ Minimize internal fragmentation {e.g., roads.,
trails} and close unnecessary existing dinl
Toads

* Construct barriers to ¢xclude nonnative
animals {e.g., dags)

Increased Fire Frequency

+ No Specific Management Measures®

* Jmplement a weed control program to reduce
fina fuel capacity in fire-suscaptible habitats
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Table 2 {continued)

ESTIMATED MANAGEMENT AND BUFFER EFFECTIVENESS

FOR REDUCING EDGE EFFECTS

RISK FACTORS/MANAGEMENT MEASURES

BUFFER WIDTIS (FEET)"

15

30-50

80-100

200

300

Increased Fire Frequency {continued)

Implement prescribed bumning if shown to be
advanlageous 10 spineflower persistence and
if allowed wilhin the preserve by fire control

agcncics

Restrict the use of construction or atility
maintenance equipment in or adjacens to the
preserve Lo avokl or minimize potential fires
due 1o sparking (¢ .g., melal blades from
bulldozers or other construction equipment
striking rocks) or downed elecirical lines

Invasive Plants

No Specific Management Measures’

o

Restrict iandscaping palettes adjacent to the
preserve to ¢xclude use on invasive exotic
spacies

Resirict irrigation adjacent to the preserve

Maintain fuel breaks outside preserve
boundary

Z |El=

Minimize or prohibit vegetation clearing
within the preserve (e.g., roads, trails)

e

Restrict vegetation clearing immediately
adjacent to the preserve

Restore cleared arcas with native specics as
soon as possible, subject to other
conservation objectives

Maintain current surface and subsurface
hydmological conditions within the preserve
through eaginesring design of adjacent
develaped areas

Uiilize french drains to minimize seepage on
fill slopes, as determined necessary

Control invasive weeds within the preserve
and adjacent (o the preserve (most
appropriate method([s] to be determined)

Reduce potential for invasion by weedy
species by restoring selected disturbed areas
within the preserve and adjacent in the nrban
boundary o reduce digturbance gaps

H
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Table 2 (continued)

ESTIMATED MANAGEMENT AND BUFFER EFFECTIVENESS

FOR REDUCING EDGE EFFECTS

RISK FACTORS/MANAGEMENT MEASURES

BUFFER WIDTHS (FEET) '

15

30-50

8O- 100

200

300

Invasive Plants {continued)

—

* Reduce potential for mvasion by weedy
species by selecting sites for habitat
enhancement or species reintroduction that
minirmize the potential for weed invasion

Vegetation Clearing

* Mo Specific Management Measures®

* Site fire or fuel breaks outside preserve
boundaties

* Minimize or prohibit vegetation clearing
within the preserve (e.g., roads, trails)

s Restore cleared areas with native species as
soon a5 possible, subject o other
conservation objeclives

Increased Waiter Supply
3

* Mo Specific Managemeni Measures

* Maintain current surface and subsurface
hydrological conditions within the preserve
through engineering design of adjacent
developed areas

=

* Utlize french drains 1o munimize seepage on
fill slopes, as determined necessary

» Divert inoff from roads away from the
preserve

= Restrict jrrigation adjacent to the preserve

= oo

|z |=

=|x f u

Trampling

* No Specific Management Measures’

s

o

= Construce solid barriers o exclode or restrict
pedestrian traffic

* Prohibit motorized yehicles, bicycles, and
equestrian uses within the preserve

+ Eliminate or reroute trails through the
preserve to avold sensitive biological
resoueces

* Erect signs denoting boundary of the
preserve and permitled uses

* [nitiate an edncational program (kiosks,
information brochures, school programs,
docent program)
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Table 2 (continued)
ESTIMATED MANAGEMENT AND BUFFER EFFECTIVENESS
FOR REDUCING EDGE EFFECTS

RISK FACTORS/MANAGEMENT MEASURES BUFFER WIDTHS (FEET) !

15 30-50 | 80-100 | 200 30
Chemibeals
* No Specific Management Measures® L M H H H

* Restrict use of herbicides within the preserve,
and avoid use of pesticides within and
adjacent to the preserve; herbicides must
have no toxic effects on inveriebrates M H H H H

» Avoid use of herbicides and pesticides vnder
conditions that would promete pollution

drift (e.g.. windy conditions) L M H H H
* Avoid use of ferlilizers within and adjacent
to the preserve M M H H H

L

Estimated effectivensss rankings: Low (L) = Unlikely to be effective; Modernte (M) = moderately
effective; High (H} = highly likely to be effective,

! Rankings indicate buffer effectiveness only (see Table 1), and are provided for comparison purposes.

Depending on buffer width and proposed land uses adjacent to the preserve, many of the
recommended land 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.
Conversely, 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 Argenline 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 sirategy and management program
for the spineflower. Finally, mnkings 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 nsk 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 feast 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 f{ire frequency are considered the highest risk factors to the
spincflower becanse they require the largest buffer width (>300 feet) in order for
afl 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 mcasures for these three factors are all considered moderately
effective at a huffer width of 80-100 feet and highly effective at widihs of 200 feet
or greater. 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 of risk to the spineflower, assuming management measures are
implemented.

DISCUSSION

The analyses abave assume that (1) risk factors are equivalent in their potential
detrimental cffects on spineflower persistence and (2) management measures are equally
effective in ameliorating edge effects to the spineflower. Neither of these assumptions is
likely to he valid, although the information needed Lo verify this is not available, Ranking
of risk factors us a result of the combined effect of buffer width and management actions
focused on individual managemnent measures, and did not consider the interaction
between different measures. For example, different levels of cffectiveness 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
effcctive 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 cither the risk
factors or management measures. Risk factors are discussed below with respect o
expected management effectiveness as a result of either management measure interactions
or shoricomings.

. Invasive Animals. Eleven management actions have been recommended (o reduce
edge etfects due to invasive animal species. Invasive animals have a high potential to
adversely affect the spineflower, although no such effects have yet been documented.
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Of particular concern are (a) changcs in sail moisture conditions that could alter
habitat for rodents (potential seed dispersers) or encourage invasion of spineflower
habitat by Argentine ants; (b) introduction of nonnative amimal species (e.g.,
Argentine ants) on plant materials or along roads; and (c) habitat fragmentation that
could lead to reduced levels of native predators {eg., coyoles) and concomitant
increases in nonnative predators (e.g., cats) that could affect rodent populations.
Controlling irrigation and maintaining habilat connectivity between the spineflower
preserve and other open space areas in order to encourage native predators in the
preserve will be key issnes in management effectiveness for this risk factor. Despite
the potential seriousness of invasive anitnals on spineflower persistenec, it appcars
that management measures are available to control the most detrimental aspects of
animal invasions, given adequate buffcr widths and appropriate preserve design.

Increased Fire Frequency. None of the buffer widths considered in this analysis
would be effective in stopping the spread of fire into the preserve 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 the
spineflower is not known. It can be assumed, however, that frequent or intense fices
would be detrimental to individual spineflowers and spineflower habitat. Changes in
natural fire cycles are relaied, in par, to the presence of fine fuels (especially
nonnative grasses) within the preserve. While complete removal of grasses within the
preserve is highly unlikcly, a weed control program can patentially reduce nonnative
gruss cover and inhibit the spread of grasscs into currenily unoccupied areas of the
preserve. Despite weed control measures within the preserve, reinvasions may occur
from sources outside the preserve, and the probability of such reinvasions increases
with narraw bnffer widths (<80 feet).

Invasive Planss. Eleven management actions have been recommended to reduce edge
effects due to invasive plant specics. 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 measurcs. For example,
restrictions on landscaping and irrigation adjacent to the prescrve, in conjunction with
revegetation of disturbed areas, arc expected to reduce opportunitics for invasion of
nonnative ornamental plant species. The same combination of measvres is not
expected to be as effective in reducing either the invasion or increasing dominance of
nonnative weedy species already present in the area. Field studies have indicated that
competition with these weedy species may already play a majot rale in limiting
spineflower distribution. Because of the uncertainty of contrelling additional weed
invasions into the preserve, invasive plants may pose the highast risk factor to the
spineflower,

Vegetation Clearing. Three management actions have been recommended 1o reduce
cdge effects from this risk factor, and two of these are expected to be moderaiely to
highly effective even at relatively narmow buffer widths, Vepetation clearing is of
concern because il 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,
vegelation clearing will occur adjacent to the preserve during the development
process, and may be a long-lerm condition, depending on fuel break requirements.
While weed control will likely occur within the preserve, there is a lesser chance of
etfective controls outside the preserve; thus, cleared areas outside the prescrve may
pravide a constant sptoce 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.

Increased Water Supply. This risk factor plays s 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 nonnalive omamental plant species and the
Argentine ant inlo the spineflower preserve. The ranking of this risk factor assumes
that all recommended management measures {including irrigation restrictions) would
be implemented.

Chemicals. Az with vegetation clearing, the greatest uncermainty in controlling this
risk factor is cxpccied to be the use of chemicals adjacent to the preserve. Edge
effects from chemicals do not appear to have as wide a zooe of influence as other risk
factors, as evidenced by a high level of managementbuffer effectiveness at 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 determine the effects on both
vegetation and pollinator populations. Placement of heavily traveled roads adjacent
to the preserve should be evaluated relative to contribution to increased nitrogen
levels in the soil or aitnospheric pollutants that could be detrimental to native plant
species or enhance growth of weedy species.

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 pramote
invasion of spineflower habitat by trampling-resistant plant species that may
outcampete the spineflower and further alter site conditions. There is a high potential
for effective control of this risk factor, however, with all recommended management
mcasurcs having a moderate or high cffectivencss 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 barnier should be discouraged, however,
since Lhey 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 factars to biological resources from urban areas and the permeability of the
urban-wildland boundary o those factors (Stamps et al. 1987, Kelly and Rotenberry
i993), The analysis and discussion abave focused on (1} identifying potential risk factors
and the ways they may negatively influence the spineflower population, (2} assessing the
permeability of the boundary to those risk factors, and (3) identifying methods of
changing or managing the boundary permcability to reduce potential impacts. In cases
where boundary permeability cannot bc managed effectively, an increased setback or
buffer between sensitive hiological resources and the development boundary, coupled
with intensive management cfforts and land use restrictions near the preserve, may be
required to conservce the spineflower population.

Table 3 summarizes the overall effectiveness of management measures for each risk
factor {based on the lowest common dencminator) at each buffer width, Ranking of risk
factors in Table 3 reflects the increased effectiveness in controlling risk factors when all
management measures are combined for a given factor. PFor example, it appears that
management measures, if implemented, may be more cffective in controlling invasive
animals than invasive plants.

Table 3
SUMMARY OF COMBINED BUFFER WIDTH AND MANAGEMENT
EFFECTIVENESS! FOR REDUCING RISK FACTORS FOR THE
SPINEFLOWER ON THE AHMANSON RANCH PROJECT

RISK FACTORS’ BUFFER WIDTHS (FEET)*

1s 30-50 80-100 p<L1] kL
Invasive Planis L L M H H
Vegetation Clesring L L M H H
Increased Fire Frequency L L M M M
Invasive Animals L L M M M
Incrensed Water Supply L L M H H
Chemlcals L M H H H
Trampliog M M H H H

' Effectivensss rankings in Table 3 reflect the lowest common denominator for each risk factor, or the

least effactive managemen! measure.

Risk factors are listed according to the level of threat they present to the spineflower (1.e., highest threat
10 lowes( threat), assuming all management measures in Table 2 are implemented.

Estimated effactivensss rankings: Low (L} = Unlikely to be effective; Moderate (M) = moderately
effective; High (H} = highly likely to be effective,

2

3
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Based on this analysis, it is estimated that a buffer width of 15 feet, in combination with
specific management measures, would be moderately effectively in controlling | risk
fuctor (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 (tramphling and chemicals) and unlikely to control 5
factors. A buffer width of 80-100 feet, in combination with management measures,
would be moderatcly cffective 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 en achieving an acceptable level
of effectiveness in reducing the highest risk factors.
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What are the signs and symptoms of Valley fever?

Most people (about & 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 respiratory
symptomns or pneumonia {a lung infection). People who get sick may have some of the
following symptoms:

+ Fatigue (tiredness) ¢ Headaches
« Cough o Muscle or joint aches
= Chest pain ¢ Night sweats
Fever « Unexplained waight loss

[ ]
+ Rash on upper body or legs

Some of these symptoms are similar o those of other common illnesses (including
COVID-19 and the flu), but Valley fever symptoms can lasl a month or more.

Most people fully recover from Valley fever. In rare cases, Valley fever can spread 1o
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 falal.

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 arder a blood test or cther 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 should see a healthcare provider whao
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 appeintments,

If a person has had Valley fever before, can they get it again?

If a person has already had Valley fever, their immune sysiem will most likely protect
them from gelting 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 Llaking certain medications, like those for cancer,
organ transplant, or autoimmune disease.



Are cartain people at greater risk for Valley fover?

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 fover:

People who live, work, or travel in areas with high rates of Valley fever (see map
above)} may be at higher risk of getling 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 where dirt and soil are stired up or disturbed, including
construction, farming, military work, and archaeology
o |If you work in a job where dirt or soil is disturbed in a place where

Vallew favar ir comman vl and vour emolover mav want to review
the

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 feverin this group.

People at higher risk of having severe or disseminated Valley fever if

infected:

O
O
o

o]

Older adults (60+ years old)

People who are Black or Filipino

Pregnant women, especially in the later stages of pregnancy

People with diabetes

Feople with health conditions that weaken their immune system such as:

Cancer

Human immunodeficiancy virus (HIV) infection

Treatment with chemotherapy, steroids, or other medications that
gffect the immune system

Organ transplant

How can | 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. Feople who five, work, or travel in these areas cantry 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.



Some practical lips 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 whare Valley feveris common {where Valley fever rates are
high):

» Siay inside and keep windows and doors closed when it is windy outside and the
air is dusty, especially during dust storms,

» Consider avoiding outdoor activities that 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, planls, or olher ground
cover to help reduce dusty, open areas.

+ While driving in these areas, keep car windows closed and use recirculating air, if
available.

Try to avoid dusty areas, lke construclion or excavation siles.

s |f you cannot avoid these areas, or if you must be ouldoors in dusky air, consider
wearing an NS5 respirator (a type of face mask) to help protect against breathing
in dust that can cause Valley fever,

o NBS respirators are available at drugstores and hardware supply stores.
o To be effactive. N95 masks must ha fitted oroparlv. Inslructions can ba

When digaing in_dirt or stirring up dusl in areas where Valley fever is common:

« Stay upwind of the area where dirt is belng disturbed.

» Wet down soil before digging or disturbing dint to reduce dust.

+ Consider wearing an N95 respirator {mask).

s 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 claothes,

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 monktor the number of peopla 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 thelr risk of getting Valley fever

* = @



CDPH also works to raise awarenass of Vallay fever among healthcare providers and
the public and provides information to employers to help prevent Valley fever in the
workplace.

Where can | get more information about Valley fever?

Contact your local health department or visif e
information about Valley fever. You can alsc
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Executive Summary

Recent litcrature on the effects of noise in the environment has shown that the world is becoming
anoisier place and that the effects of chronic neise exposure on terrestrial animals, including birds,
could be significant. Furthermore, with population increases and urbanization, traffic and road
construction are mejor and increasing sources of environmental noise.

A. Overview of this Guidance Document

There is a long-standing concem that roadway consiruction noise and subsequent traffic noisc may
be detrimental to wildlife, and especially birds, which relies heavily on acoustic communication.
The Endangercd Species Act provides additional, compelling, motivation for vnderstanding 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
ollier circumstances, such as when the noise adds very little to existing ambient noise levels.

In contrast, construction or iraffic noise that adds significantly 1o natural ambient noise has the
possibility of producing a suite of significant shori- and long-term behavioral and physiological
changes in birds. These may include changes in foraging location and behavior; interference with
acoustic communicate between conspecifics; [ailure to recognize other imporlant biological
stgnals, such as sounds of predators and/or prey; decreasing hearing sensitivity temporarily or
permanently; and/or increasing stress and altcring stcroid hormone levels. Any of these effects
could have long-terin consequences and enduring impacts that include intetference with breeding
by individuals and populations. therehy thrcatening the survival of individuals or species.

This Guidance Document is an updated version of the 2007 repor entitled The Effects of Highway
Nvise vn Birds prepared by the authors (Dooling & Popper, 2007}

B. Definitions

Several terms are used in this report. Some of these terms have multiple meanings and are defined
herein. Other terins arc defined in the glossary.

= Construction Noise: Noise produced during the construction of a roadway.

~ 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 traflic.

o Tralfic Noise: Noise produced by vehicies on any paved roadway, ranging from highways
to single-lane strects.
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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.

1} Stress and physiological effects:

2)

3}

a)
b)

¢}

There are no studies definitively 1dentifying traffic noise as the critical variable affecting
bird behavior near roadways and highways.

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 to birds.

Traffic and construction noise below a hird’s masked threshold has no effect.

Acoustic overexposure:

a)

b)

¢}

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.

Birds can regenerate the sensory hair cells of the inner ear, thereby providing a mechanism
for recovering from intense acoustic overexposure, a capahility not found in mammals.
The studies of acoustic overexposure in birds have considerable relevance for estimating
hearing damage effects of treffic noise, non-continuous construction noise. and for
impulsive-type construction noise, such as that from pile driving.

Masking:

a)

b)

d)

Continuous noise of sufficient intensity in the frequency region of bird hearing can have a
detrimental effect on a bird’s ahility to detect and discriminate between the vocal signals
of other birds,

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
noiscs of equal overall level but that contain enetgy in a higher spectral region (around 2—
4 kilohentz [kHz]) (¢e.g., insects, vocalizations of other birds).

Generally, human auditory thresholds in quict and in noisc are better than that of the typical
bird; therefore;

(1) The typical human ¢an 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 scnse, casy-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 hearing as the primary critcrion seriously underestimates the
cffects of noise on bird communication.

From knowledge of: (i) bird hearing capabilities in quiet and noise, (ii} the Inverse Squarc
Law, {iii) excess attenuation in a particular environment, and (iv) specics-specific acoustic
characteristics of vocalizations, rcasonable predictions can be made about passible
maximum communication distanccs between twa birds in centinuous 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 critical ratio {i.c., signal-to-noise ratio} at that
frequency of peak energy.

£y Birds, like humans and other animals, employ a range of shori-term behavioral strategies,
or adaptations, for communicating in noise resulting in a doubling to quadnupling 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-B kHz) (Figure ES1)}, low=level but audible sound in non-communication frequencies
(e.g.. the numbling of a truck) can potentially cause may cause physiological or behavioral
responses). Because the more recent literature points lo 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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Figure ES1. Caltrans Traffic Noise Spectra Showing Differences in Unweighted and
Weighied Spectra and Overall Levels!

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 1o extrapolate data between species, parlicularly when the species have
different hearing capabilities and acoustic behaviors.

b} Data on human hearing has some relevance o understanding eflects 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:

! Figure from: hitp://www.dot.ca.gov/hg/env/noisefonline_training_module/slides/slide50.htm
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1. Behavioral 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 traffic noise could have a number of
adverse effects, there are several studies (e.g., Awbrev ef o, 1995) showing that birds (as
well as other animals) adapt quite well, and may even appear to sometimes prefer,
environments that include high levels of traffic noise. Given the lack of ecmpirical data on
this point, it is recommended that subjective human experience with the noisc in question
be used as an inlerim 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 (o hearing from acoustic overexposure: While many behavioral and physiolagical
studies lack specificity, there are many definitive studies showing precise elfects 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 hoise, 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 constlruction noise are probably not needed. Nevertheless, in rare instances
where hirds may be in close proximity o construction noise sources, such as impulse noise
from pilc driving, such noises may reach high enough levels to cause damage to auditory
structures in hirds.

3, Masking of communication signals and other biologically relevant sounds: Many laboratory
masking studics precisely show the elfects of continuous noise {including tratfic noise) on
sound detection in over a dozen species of birds. In a sense, these studies describe a “worst
case” sccnario because the noise is continuous and the myriad of short-term adaptive
behavioral responscs for mitigating Lhe effects of noise are not available 1o the bird in a
laboratory test situation. These musking studies led to an overall noise level guideline of
around 60 A-weighted decibels (dBA) for continuous noise. A munber of things have
changed sincc this 60-dBA criterion was {irst 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 is also now quile clear Lhal 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 10 dB, strongly suggesting that acouslic communication in some species
might be affected hy 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 emplay short-term behavioral strategics for hearing in noise, might be unaffected at
even higher levels of noise, perhaps approaching 70 dBA. These shor-term behavioral
adaptations include scanning (head turning), raising vocal outpul, and changing singing
location. Each of these strategics alone can resull in a significant pain in signal level or
signal-to-noise ratio {under masking conditions) of about 10 dB, and birds can employ all
three strategies simultaneously.
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4. Practical guidelines arvising from masking studies: The [ollowing are common sense,
practical guidelines that emerge from basic hearing knowledge of birds and humans—
specifically, the 6-decibel (dB) difference in masking (critical ratio) functions between
typical bird and hurnan listeners with normal hearing. 1)} Humans can hear traffic noise, in
a natural environmenl, at twice the distance from the roadway than can birds. In other
wards, if, in a nalurzl environment, distant traffic noise is barely audible to humans, it is
certainly inaudible lo birds and will have no eflect 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 vecalizing against a background of continuous traffic noise.
This works not only for the typical bird, but it is probably elso valid for most species.

Table ESI. Recommended Interim Guidelines lor Potentlal Effects from Different Noise Sources

MNoise Source Type g::::;g TTS Masking ::;g;i:;i;‘;?;; I:t:
Single Impulse {e.g., Any audible component
slarter's pistol §" from 140 dBA! Na? Na® af tralTie and construction
the ear noise has the potential of
Mulnple lmpuls}e (e.g., 125 dBA! NA? Amnbient dBA® causing b;hauloral and/or
Jjack hammer, pile driver) physiological efTects
Non-Strike CDI:ITInlID? None? 93 dBA" Ambicnt dBA® independent of any direct
(... construclian noise) effects on the anditory
Traffic and Construction | None? 93 dBA" Ambient dBA® system of PTS, TTS, or
Alarms (97 dB:100 fi) Nong? NA? Na' masking

TTS = temparary threshold shift

dBA - A-weighied decibel

PTS —permansnt threshold shilt

! Estimates based on bird data frem Hashino et al. (19388) and other impulse noise exposure studies in smal]
mammals.

2 Noise lavels fram these sources do not reach tevels capable of causing auditory damage and. or permanent
threshatd shifl based on empirical data on hearing lo3s in birds from the laboratory,

¥ Mo data available on TTS in birds caused by impulsive sounds

¢ Estimates based on study of TTS by continuous tioise it the budgerigar and similar studies in small
mammals.

¥ Cannot have masking to a single impulse.

¢ Conservative estimate based on addition of two uncorrelated noises. Above ambient noise levels, critical ratio
data from 14 bird species, well-documenied sheri-term behavioral adaptation strategies, and a backgraund
af ambient naise Lypical of a quiel suburban area woukl suggest noise guidelines in the range ol S0-60
dBA.

7 Alarmis are non-continuous and, therefore, unlikely to cause masking effeets.

These recommended guidelines for ¢stimating the effects that (raffic noise has on masking in birds
are intetim guidelines for the following reasons.

1. The inilerim guidelines are based on median data taken from masking studies done for a
limiled numbet of bird species. Thus, they represent the typical bird, based on the species
studied. However, it is imporant to recall that different bird species can differ
considerably in how they hear in the presence of noise; soine huve masked thresholds that
approach those of lhwmans. 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 the 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 1o 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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1. Introduction, Dverview, Direction

Recent literature on the effects of noise in the cnvironment has shown that the wotld is becoming
a noisier place and that the effects of chronic noisc cxpoesure on terrestrial animals, including birds,
could be significant (2.g., Barber er al., 2010; Pijanowski ef al., 201 1a; Pijanowski et af., 2011b;
Luther and Magnotti, 2014; Merchant et al., 2015). Furthennore, with population increases and
urbanization, traffic and road construction arc incrcasing sources of cnvironmental noise.
However, because environmental noise is an inherently complex topic, it is imporani to define
and isolate the sources of variation in determining when noise produced during the construction
and operation of roadways has an impact on bird behavior and physiology.

The Endangered Species Act pravides additional compelling motivation for understanding the
effects of traffic and roadway construction noise on federally {isted species. Effccts of such noise
may be nonexistent in cerain circumstances, such as when the sound level 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 ambicnt noisc levels. In
contrast, construction or traffic noise that adds substantially to natural ambient noise has the
potential o produce a suite of significant shor- and long-term behavioral and physiological
chanpes in birds. These may inciude the following changes.

Changes in the selcction 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 peemanently.
Increased stress and/or altered steroid hormone levels or other physiological
effects.

Any of these effects could have long-terin consequences and enduring impacts by interfering with
hreeding by individuals and populations, thereby Lhreatening the survival of individuals or species.

This Guidance Document represent an updated version of the reporl entitled The Effecis of
Highway Noise on Birds (Dooling and Popper, 2007) prepared by the current authors. It should be
noted that the vast majorily of the research literature discussed in this document focuses on effects
of traffic noise on birds, and there 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 an
traffic noise.

A. Definitions

Several terms are used in this report. Some of these tenns have multiple meanings and are defined
herein. Other terms are defined in the plossary.
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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 pavcd road on which there is vehicular traflic.

» Traffic Noise: Noise produced by vehicles on any paved roadway, ranging from highways
to single-lane streets.

B. Organization and Purpose of This Guidance Documen!

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 trafbic and construction noise on birds, the
challenges in surveying what 1s known about the effects of traffic and construction neise on birds,
and the scientific lilerature on the topic. SBeclion 5 summarizes the different classes of effects of
noise on birds, Finally, Section 6 poses a first set of inferim 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 deseribes recommendations for eritical
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 direcled at assessing and mitigating
the impacts of noise produced by highway consiruction and operation on birds. This Guidance
Document shows that there are still major gaps in this body of literature and very few fim
conclusions, although there has been a substantial increase in knowledge since the first report
(Dooling and Popper, 2047). As a Guidance Document should always reflect recent changes in the
science, Appendix F points to areas for fiture research that would substantially enhance our future
understanding of traffic noise on birds.

Second, this Guidance Document suggests imferim 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 Lo extrapolate
the effects on federally listed species. Such guidelines are done in coordination and consultation
with compliance protocols for the federal Endangered Species Act.

C. Analysis of United States Fish and Wildlife Service (2006} Report

On July 26, 2006, the Arcata Fish and Wildlife Service Office (AFWO) of the U. 5. Fish and
Wildlife Service (FWS) issued guidance for estimating the effects of auditory and visual
distutbance to northern spotted owls (Swrix occidenralis cauring) and marbled murrelets
(Brachyramphu marmoratus) in Narthwestern California (AFWO, 2006).” These two species live
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a rather solitary lifestyle and are expected to be particularly sensitive 1o noise disturbance. The
purpase of the FWS guidance was Lo promote consistent and reasonable determinations of potential
cffects 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 ta 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
detcrminations with regard to the potential effects of construction and traffic noise on these 1wo
avian species, especially with regard to harassment.® 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 ambicat noise in the environtment.

Levels of anthropogenic (human-generated)} noise in the environment.
Sound-modifying features in the environment.

Visual cues correlated with the noise.

The hearing sensitivily of the bird.

The FWS report provides a worthwhile potential strategy for estimating particular kinds of noise
cficcts on these birds; however, the report has several limitations in terms of its applieability to
other species. First, 1t 1s based on two relatively non-social species and does not address the kinds
of effccts that may be relevant for more gregarious species that flock and engage in continuons
vocal communication with conspecifics.

Second, as discussed below, Lhere are substantial differences between species in the ability to hear
in noisy cnvironments. As a cunseguence, one nolse level is not likely to affect all species in the
same way since some species will hear a particular level of sound and others will not due to their
averall hearing sensitivily.

Third, how & bird responds 1o and integrates acoustic and visual stimuli in different contexis (e.g.,
breeding scason or brooding) is likely to have a profound effect on whether harassment occurs,
For examplc, very low level sounds bearing some resemblance to the sounds of a natural predator
are likely 1o he far more imporiant to the bird than other sounds of equal sound level but with no
history of signaling danger. Such expenential factors will undoubtedly vary significanily by
species.

Finally, the noise levels discuszed in the FWS guidance are geared toward those that result in
harassment or flushing from the roost or nest. There are olher effects, such as masking of
cotnmunication signals, that are also very imporiant for species that must leam their vocalizations

* The Act’s implementing regulations furiher define harags as “... an intentional or negligent act or cmission which
creates the likelihood of injury to wildlife by annoying it to such an extent as to significantly disrupt normal
behavioral patierns which include, but are not limited to, breeding, feeding or sheltering™ {50 CFR §17.3]. (Taken
verbatim from p.4 of FWS (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 reporl. together with information reviewed in this Guidance
Document, 1nay have value in helping reach a decision metric on possible effects of traffic and
construction noise on birds. Moreover, the specific recominendations made in the FWS guidance
rcport, while not fully applicable to situations involving continuous traffic and construction noise,

represent a thoughiful approach to identifying and gquantifving some of major variables for
considetation,

D Lirerature Surveyed in this Guidance Document

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 scientific
approach and analysis used in each study differs, and so extrapolation berween the studies, and
especially those done in different locations or by different groups of investigators, is difficult and
must be done with considerable caution,

In addition to primary peer-reviewed literature, this Guidance Document 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 inform
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 plossary in Appendix A.
Appendix D discusses fundamentals of traffic noise. Those unfamiliar with fundamental concepts
relating to wraffic noise are advised to review information published by the California Department
of Transportation {Calirans) on the topic of highway traffic noise. This includes the Callrans
Traffic Noise Analysis Protocol (Protocol) {Caltrans, 2011),° the Technical Noise Supplement to
Protocol (Caltrans 2013), and Calirans online noise training. %

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 aclivities, and usage also varies between different authers. For
example, the term 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 leeding

* Material in Appendix D was prepared by Caltrans and not by the authors of this reporl.
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ground to another. [n 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 cxample, Table 1 summarizes typical traffic
canditions for several typical highway configurations.

Table 1. Typical Highway Conditions
Number : Worst Hour Hea
of Lanes | HimmmayType | ot | Speed | pp ey
2 Highway 3,000 33 mph 2%
4 Righway 6,000 &5 mph 2%
] Freeway 12,000 635 mph 0%
3 Freeway 16,000 65 mph 3%

' Truck percentages can vary widely depending on the proximity of a roadway to commercial uses and truck routes,
The Lruck percentages shown here are 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 1 shows traffic noise levels at
various distances (in feet) from the roadway as predicied by the Federal Highway Adminisiration
(FHWA) Traffic Noise Model’ {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 surface (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 kilomelers per hour [km/h]).

With multiple lanes 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 1.5 dB per doubling of
distance. Excess attenvation fromn 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 {¢.g., Marten and Marler, 1977).

In conirast fo the continuous noise produced by large volumes of traffic, noise produced by
construction equipment is likely to be intermittent 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 S0 feet (15.2 m) produced
by typical construction equipment (see FHWA, 2006)%). In contrast to traffic noise, equipment
used in roadway construction acts like a point source and will fypically off at a mte of 6 dB per
doubling of distance, although there is also likcly to be additional attenuation that vanes witb the
environment. Moreover, these are maximum noise levels which are not typically sustained over
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in the region of 2—4 kHz from an overall dBA level could overestimate the energy in the region of
2—4 kHz. On the other hand, iraffic 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 m a
significent underestimate of the noise level aciually in the 2—4 kHz bands that contain most bird
vocalizations. Thus, in many cases, the averall level of the noise measured as dBA 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 underesiimate, or more ofien
overestimatz, the masking effects of traflic noise on hearning and vecal 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 1 kHz. The level of
noise in the frequency region that birds use for acoustic cornmunication is much less, at around
6065 dB.

Frequency Spectra and Frequency Bands
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Figure Z: Caltrans Tralfic Noise Spectra Showlng IHfferences in Unweighted and Weighted
Speetra and Overall Levels™

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 gstimate 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 accurale estimates of spectrum levels can be ebioined for the entical
frequency range in which birds communicate and from these spectrum levels, decisions can be
made about whether the noise will interfere 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.

1. The Bird Ear and Hearing

IL Figure from; hitp:/iwww.dot.ca.gowhg/envimoise:online_training_module :slides/slide 50 .htm
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In order to appreciate the potential elfects of traffic and construction noise on bird hearing, it is
important io have some understanding of the bird ear and the basic hearing capabilities of birds
both in quiet and in high noise settings (Dooling ef af., 2000a). [t 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
veriehrate group other than primates, make use of a rich array of sounds for communicating,
[inding mates, expressing territorial occupation, and numerous other social behaviors.

Table 2: Consiruction Equipment Noise Emission Levels
{greatest-to-leasy)"

Typical Lanax at 50 feet (15.2 m)

Equipment from Soanrce (dBA, Slow}
Pile Drriver (Impact) a5
Vibratory Pile Driver 95
Rock Drill 85
Paver 85
Scraper 85
Crang 85
Jack Hammer 85
Concrete Mixer Truck 85
Diozer 85
Grader 83
Jackhammer 85
Pneumatic [ ool 84
Crane 85
Chain Saw &5
Roller 83
Traclor &4
Concrete Pump Truck B2
Generalor 82
Compactor (ground) §0
Compressor (Air) BO
Backhoc 80
Vibratory Coneret: Mixer 80
Pumps 77

Qeuree Faderal  Highway Admmnistration 2006, Table |,

Birds, as with humans and other animals, also use hearing to learn about their overall
environments. Bregman (1990) refers to this as the “acoustic scene.” This acouslic scene is the
array of sounds in the envirenment, not just vocalizations. which may arise from hiological or non-
biological sources, such as predators moving through the environment or the wind moving through
trces. This acoustic scene covers an area all around an animal, and it is just as rich at night as

1
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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 rcalize that other aspects of the animal’s acoustic
scene are also affected.

The bird ear and bird hearing has been well described over the years (e.g., Dooling ef al., 2000a;
Gleich and Manley, 2000; Saunders ef af., 2000; Saunders and Henry, 2014). Tt consists of an
external membrane (tyinpanic membrane), a middlc car (Saunders er of., 2000; Saunders and
Henry, 2014}, and an inner ear (Gleich and Manley, 2000, Saunders and Henry, 2014). There is
ne extemnal structure that resembles the mammalian outer ear flap, or pinna (except in owls).
Instead, the tympanic membrane is the outermost covering of the middle ear.

The avian inner ear is similar to that of most veriebrates in that is has three semicircular canals to
determine 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
sil the sensitive sensory hair cells used for hearing. However, the basilar papilla is shorler and
rather different in structure than that found in mammals (Tanaka and Smith, 1978; Smith, 1985;
(leich and Manley, 2000; Manley, 2000} and the differences may, to a degree, account for the
much narrower range of frequencies detected by birds as cothparcd to mammals.

Another factor that probably limits the frequency range ovet 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, 2010}. It has been suggested that the single columella in place
of the three ear bones found in mammals is what limits hearing in most avian specics to not much
more than 10 kIl (Saunders ¢f ol 2000; Manley, 2010),

A. Behavioral Measures of Avian Hearing—the Audiogram

The minimum sound pressure that can be detected ot frequencies throughout an animal’s range of
hearing defines the audiogram, or audibility curve.'* This is the most basic mecasure of hearing and
one most people are familiar with from having their own heating tested. Qver the past 50 years,
behavioral audibility curves have been collected for about 39 species of birds, and this database
can be exlended by another 10 species of birds by including data from physiological recordings
(Appendix B, also see Fay, 1988). These data are fit with a polynoimal function to provide a
continuous curve describing the minimum audible sound pressute over the range of hearing for a
particular species.

Figurc 3 shows the median aodiogram based on the species in Appendix B. For animals. and
somctimes for humans, the audiogram i1s measured in a sound aftenwated room (an audiometric fest
chamber) so that the background noise 15 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.

1? This is a measure of hearing “thrashold.” 1t should be noted that the threshold {the lowest sound deleciable at a
given frequency] is not a fixed value. There are slight variations from animal to animal and larger differences across
species. Testing conditions and contexl 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 oflen described and compared 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 raiscd 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 are 30 dB above the best intensity) for both
birds and humans. Intcrestingly, comnpared te species in other vertebrate gronps, there is not wide
variation in hcaring scnsitivity 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 approaching 010 dB SPL'* at the most sensitive freqnency, which is
usually in the region of 2—4 kHz (Dooling, 1980; 1982, 1992; Dooling ef af., 2000b). Noctnrnal
predators, such as most owls, can generally detect much softer sounds than can either
Passerifonmes (e.g., songbirds, such as sparrows, canaries, starlings, finches) or other non-
Passeriformes {e.g.. chickens, turkeys, pigeans, parrots, owls) over their entire range of hearing,
sometimes with levels as low as -10 te -15 dB SPL. Passeriformes alse tend to have better hearing
at high frequencies than non-Passeriformes, while non-Passetiformes can detect sofier signals at
low frequencies than do Passeriformes, This difference is usually on the order of 5 to 10 dB, A
recent correlative study of hearing characteristics {using the database in Appendix B) with several
biclogical paraineters confirms significant correlations among body weight, inner ear anatomy,
and low- and high-frequency hearing in birds, with the exception of owls (Gleich er g/, 2005).
Simiply put, large birds hear berter at low frequencies and small birds hear better at hipgh
frequencies. On average, however, the frequency range available to the typical bird or 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

Almast all avian species rely heavily on acoustic communication for species and individual
recognition, mate selection, territorial defense, and other sacial 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; Daoling, 1980; 1982). That is, with the exception
af some noctumal 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 specics 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 betwesn hearing thresholds
and vocalizations is that concemns over the etfects of masking or heaning damage from noise should
focus atiention on the critical frequency region of about 1-6 kHz—the spectral region used for
acoustic communication in birds (Dooling. 1982).

M SPL, or sound pressure level, is a widely uscd expression of the sound pressure using the decibel {dB) scale and
the standard reference pressures 20 pPa 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 rypical bird hears less well than humans and over a narrower bandwidth.
Dotied lines show typical spectrum levels of the background neise in a double-walled acoustic isolation testing
chamber and the spectrum level of ambient noise that a bird might encounter in a typical forest 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 neise level less than 20 dB below the audiogram threshalds, which is the case in almoat all
natural environments, will raise the animal’s thresholds {i.e., cause masking).

C. The Hearing Capabilities of Nestlings

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
syatem of altricial birds (i.e., birds that are in an undeveloped stage at hatching in the nest and
require care and feeding from parents'®) does not function well at hatching. Auditory Brainstem
Response (ABR, a type of physiological recording) studies of budgerigars'® (Melopsittacus
andulaties) and canarics (Serimits canaria domestica) indicate that hearing thresholds during the

15 Alericial birds include all Passeriformes (songbirds). Altricial birds hatch with their eyes closed and with few, if
B.Ily, feathers' ]n mtrr-i muramsial hivcde Ladabh ceiibh cniae mmnce maw d msis i amallas vwaa dus ke Baania ah e v mak mesddleia mc
days of hatching—see

15 Alsp known as a parakeet.
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first two weeks after hatching of aliricial birds are 30—40 dB higher than hearing thresholds of
adults By the time nestlings are 20-30 days old and just gelting ready to leave the nest; however,
hearing thresholds as measured by the ABR approach adult levels of sensitivity (Brittan-Powcll
and Dooling, 2004).

Hearing thresholds in young hirds and nestlings in the presence of noise have not yet becn
measurcd. While it is unlikely that nestlings can hear betler in noise Lhan 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 speciesstypical 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 shifl (PTS—permanent hearing loss), temporary threshold shifi (TTS—
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 enconntcred depends upon the level of noise arriving at the bird’s ear, which is highly
correlated with the proximity of the bird{s) to the noise source (Figure 4, Table 3).The existing
scientific literaturc provides a considerable amount of data that can be used to define the
boundaries between these categories of effects e.g., Dooling et af,, 2008; Salvi ef al., 2008;
Saunders and Salvi, 2008).

Based on Figure 4, it is possible to gencralize on the potential effects of highway and constraction
noise on birds, depending on their distance from the source. The distance of each zone is arbitrary
and depends an the level of the source. Thus. if the level of the source is very high, each zone will
be larpe, whereas if the sound level at the source is low, the distances between the zones will be
smaller. Repardlcss, as is shown, thesc Zones no doubt overlap with regard to potential effects.

a. Zone 1: If a bird is in this region, it is close to the noise source such that traffic and
construction noise can petentially result in all four effecls—pernmanent threshold shift,
temporary threshold shift, masking, and other behavioral and/or physiological effects.
Laboratory evidence shows that continuous noise levels above 110 dBA 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 innct 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 repenerated (Saunders and Dooling, 1974; Dooling and Sounders, 1975; Dooling ef ai.,
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
o oceur, However, continuous traffic and construction noise nhove 93 dBA SPL might still
tempotarily elevate a bird's threshold, mask important communication signals. and possibly
lead to other behavioral and/or physiological effects.
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and depends on the lcvel of the source. Thus, if the level of the source 1s very high, each zone will
be large, whereas if the sound Jevel at the source is low, the distances between the zones will be
smaller. Regardless, as is shown, these zones no doubt overlap with regard to potential effects.

a. Zonc 1: If a bird is in this region, it is close to the noise source such that traffic and
construction noise can pofentially result in all four effects—permanent threshold shift,
temporary threshold shift, masking, and other behavioral and/or physiological effects.
Laboratory evidence shows that continuous noisc lcvcls above 114 dBA 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 innet ear sensory hait eclls resulting in a latge 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; Dwooling and Saunders,
1975; Dooling ef al., 2008).

b. Zone 2: At preater 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, continvous traffic and construction noise above 93 dBA SPL might still
temporarily elevate a bird’s threshold, mask imporiant communication signals, and possibly
lead to other behavioral and/or physiological eifeets.

c. Zone 3; At even preater distances from the roadway, where the spectrum level of the noise
is still at or above the natural ambient noise level, masking of communication signats 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 ammbient noise levels in
the critical frequencies for communication, wasking of cominunication signals is no longer
an issue. However, faintly heard sounds, such as the low rumble of a truck, or an alarm frotn
a construciion site, may still lead 1o a chronic state of inereased arousal and, thus, lead to
other behavioral and/or physiclogical effects,

¢. Beyond Zone 4: At this boundary, the energy in traffic noise and consiruction 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.

Before considering the effects on the auditory system of birds from tratTic 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 eccur alone or in combination with
effects on the auditory system of binds. Second, behavioral and physiological eflects may be less
dependent on noise level and more dependent on environmental context and the salience of the
traffic and construction noise compenent(s) to the bird. Third, in contrast te the effects of noise on
the bird auditory system, there are fewer empirical data available on behavioral and physiclogical
elfects, and especially lor those elfects that accur alone, as in Zone

EIFECTS O ] Tl & KOad LONSTruction Nolse on Biras Fafe 24 01 &/



Tahle 3: Recommended Interim Guidelines for Potential Effects from Different Nois¢ Sources

] Hearing . Potential Behavioral/
Noise Source Type Damage TTS Mausking Physiological Effects
Single Impulse (2., I
starter’s pistol 6" from 190 dBA! NA? NAS Any audible companent
the ear of traffic and construction

- noise hag the potential of
Multiple Impulse (e.g,, 125 dBA' NA? ambient dBA® causing behavioral and/or
jack hammer, |:ul_¢ driver) physiological effects
Non-Strile Continuos None! 93 dBA? ambicnt dBAS independent of any direet
(e.g., construction n-:n)se) effects on the auditory
IL;‘I.L[:;E and Construction None* 931 dBHA?Y ambient dBAY system of PTS, TTS, or

ki
Alarms (97 dB/100 f) | Nong? WA NAL masKing.
I Estimates based on bird data from Hashine et al. {1988) and other impulse noise exposure studies in small

mammals.

*Noise levels from these sources do not reach levels capable of causing auditory damage and/or permanent
threshald shift based on empirical data on hearing loss in binds from the laboratary.

I No data available on TTS in birds caused by impulsive sounds.

* Estimates based on study of TTS by conlinuous naise in the budgerigar and similar studies in small
mammals.

¥ Cannot have masking to a single impulse.

* Conservative estimate based on addition of two uncorrelated noises. Above ambient noise levels, criticat ratio
data from 14 bird species, well documented short term behavioral adaptation strategies, and a background
of ambient noise rypical of a quiet suburban area would sugpest noise guidelines in the range of 5060
dBA.

" Alarms are non-continuous and therefore unlikely 1o cause masking effects.

A. Effecis of Noise on Hearing in Birds—Threshald Shift

Birds (as well as humans and other animals) show a shifi 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 avditory system of birds {Dooling er 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 of up to received levels of 110 dBA without experiencing hearing damage or a
significant permanent threshold shift.

Permanent Threshold Shift: A PTS occurs if the intensity and duration of the noise is suflicient to
damage or kill the inner car scnsory 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
irauma (reviewed in Cotanche, 1998). Since hearing depends on the function of these hair cells,
their permanent loss in mamnals, including humans, results in permanent hearing loss. However,
since birds can regenerate damaged or destroyed sensory hair cells usually within a month, there
¢an be substantial recovery of hearing, although there is ofien still a small, insignificant 1¢ dB
threshold shift that remains pcrmanent (Dooling and Saunders, 1274; Saunders and Dooling,
1974).

A number of comparative studics on hearing loss in birds are instructive in undetstanding
important sources of variation on the effects of sound exposure on hirds. For example. Japanese
quail (Coturnix coturnix juponica) exposed to a 1.5 kHz octave band noise at 116 dB SPL for [our
hours showed hearing loss of up o 50 dB immediately following expnsure (Niemiec ef af., 1994).
Hearing loss was mosi severe at frequencies at and above 1. kHz, although there was considerable
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variation between subjects. Hearing loss was accampanied 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 exposute, but there was little evidence of darmage to hair cells at 5
weeks post-exposure. Similar pattemns of thresheld shifts and recoveries were seen after repeated
exposures to noise, although recovery times increased with increasing exposure duration. The
authars found there can be a return to normal sensitivity prior to complete regeneration of the
sensary hair cells (Beunett ef @l , 1994) suggesting birds do not need a {ull 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 dilTerent bind species, even with identical exposure and test conditions.
In one study. Japanese quail and budgeripars were exposed to pure tones of 112-118 dB SPL for
12 hours, with the frequency of the sounds centered in the region of best heanng of each species.
Quail showed much grealer susceplibility to acoustic tranma than did budperigars, and showed
significantly larger threshold shifils and hair celt loss. Quail showed a threshold shift of 70 dB at
2.86 kHz at one day following over-exposure, and this hearing loss remained virtually unchanged
for 8-9 days after exposure. Hearing began to improve by about 1 dB/day until recavery at day 50,
at which time recovery reached asymptote. This left the quail with a permanent threshold shift of
approximately 20 dB, which remained even 1 year following exposure. In contrast, budgerigars
showed a threshold shifl of about 3540 dB and a much faster recovery than the guail. Dy thee
days afier exposure, budgeripars’ thresholds had improved to within 10 dB of normal. In human
hearing, elevated thresholds of 10 dB are still considered within the normal range.

In another experiment, budgerigars, canaries, and zebra {inches 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
by 10-30 dB but returned to within nornal limits by about 10 days after exposure in all three
species. Moreover, at 2.86 kHz, the cenier of the exposure band, all three species showed a 50 dB
threshold shift. Recovery began immediately afier the noise was terminated for cananes, while
zecbra finches recovered to within 10 dB of normal by abour 30 dnys after exposure. However,
thresholds remained elevaled for 10 days before recovery begin tn occur in budgerigars. By 50
days afier exposure, thresholds for budgerigars still only recovered to about 20 dB above normal.
Thus, in this experiment, there was significantly more rapid recovery in canaries and zebra (inches
than in budgerigars.

These comparative studies, and especially those by Ryals and her colleagues (Ryals and Rubel,
19858, b; Ryals ¢t al., 1999), are important for understanding the effects of iniense 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 reasanable {McFadden and Saunders, 1989; Saunders er al.,
1991; Adler et al , 1992; Adler et al., 1993; Pugliano er af., 1993; Sannders and Salvi, 1993). These
studies suggest that, for birds, permanent hearing loss from traffic noise or construction noise 1s
probably not a significant concern.
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Temporary Threshold Shifi: 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
1o a PTS, hearing recovers completely from TTS to the level that it was before the exposure.
Nevertheless, during this period of TTS 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 siudies
quantifying the relation between noise exposure and temporary threshold shifl 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 1040 dB depending
on the level of the noise to which the birds were exposed (Saunders and Dooling, 1974; Dooling,
1980} (Figure 5). Importantly, a PTS of 7-10 dB was observed only with the 106 dB exposure
(Doaling, 1980}. A 72-hour continuous exposure to a narrowband of noise at 106 dB would result
in scvere and permanent hearing loss in humans due 10 irevocable damage to the sensory cells of
the inner car. 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., L.uz and Hodge, [971; Dooling, 1980;
Henderson and Hamernik, 1986). The maximum threshold shift in hudgerigars occurred at the
cxposure frequency {rather than at higher frequencies in mammals) and showed much less spread
of threshald shift to other frequencies.
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Figure 5: Threshold Shift in Birds Exposed la Noise

The growlh and decay of thresheld shill in four budgerigars exposed 1o four different levels of a one-third octave
band of noise for 72 hours. Threshold shifl reaches an asymptote (horizontal dashed line) after 12-24 hours
regardless of the cxposure level, Exposure to a 76 4B noise resulis in a threshold shill of 14 dB which recovers
within a few hours following the termination of the noise. Bxposure to a 106 dB noise, hawever, leads 10 longer
recovery time and a permanent threshald due to damage to the inner ear (Dooling, 1982).

Finally, all the experiments described above were conducted with continuous noise. much as would
be expected with dense traffic or continuous construction noise {Table 1, Figure 1). Impulse noises.
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such as thase praduced by single picces 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 closc proximity to construction equipment as compared to lower level,
continuous noise as from traffic. There is a single repor in the literature that exposed budgerigars
to four 169 dB SPL blast impulscs produced by starler pistol shots in close proximity (20 cm) (o
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 ef al.,
1988). Even from this extremely intcnse expasure, however, thresholds at | and 4 kHz {the
frequencies at which budgeripars sing and hear best) returned to almost normal within 20 days
[ollowing the exposure, At 500 Hz, there remained a permanent threshold shift of about 24 dB
even 40 days afler exposure, These 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 Characleristics of Noise

Masking is the interference of the detection of onc sound by another, For example, two peaple in
a room talking at a comfortable level can easily hear one another becausc the level of the speech
signal arriving at ithe 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 the 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
oceur [rom other kinds of noises that also have energy in the spectral region of speech {e.g., noisy
[ans, air conditioners, traffic noise),

The simplest kind of masking experiment is to measure the sound detection thresholds [or pure
tones {the signal) in the presence of a broadband noise {see Appendix A). The noise in such an
experiment is usually described in terms of a spectrum level (i.e., sound encrgy per Hz) rather than
the overall sound pressure level. The signal level in the case of a purc 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 the frequency region of a signal that is most important in masking
the signal—not noise at more distant frequency regions {(Dooling ef af., 2000b). It could be the
case that il the masker energy is at a low to moderate level in a frequency range that does not
overlap with that of the pure 1one, there may be no change in thresheld for the pure tone.'”

Masking of signals by noises in the same frequency range is an important phenomenon to keep in
mind when estimating the effects of different kinds of noiscs on hearing. Conunon experience
shows that acoustic communication can be severely constrained if background noisc is of a
sulficient level.'* 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 masking depends primarily on the amount of energy in lhe masker in lhe frequency region
surrounding the pure tone. This band of frequencies around the pure tone in which masking will still cccur is called
the “critical band.”

'® The 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) 1o hear sounds of conspecifics or other sounds
that may be biologically relevant. Otherwise said, it limits the organisni’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 simation is usually much more complex. The signal is rarely a pure tone, and
the inasker is rarcly flat, broadband noisc. Morcover, human work shows that it has been difticult
to come up with a broadly acceptable definition of noisc because of extreine variations in both the
physical properiies of noise and the pereepiual preferences of listeners." For humans, perhaps the
broadest, inost universally accepted definition is that noise is simply wnwanted sound. This
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 determine
the strategies that birds might employ to mininize 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
traflic 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 laboratory
resulls to make predictions about how far away (wo 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. Whenever these two
conditions are not met, as is usually the case in a natural setting, lhe amount of masking from
traffic noise is likely to be less, and sometimes considerably less, than predicted trom signal-to-
noise ratios measured in the laboratory.

C. Comparuiive Masking Effects in Birds  Critical Rativ

The ratio between the power in a pure tone at threshold and the power per Hz (the spectrum level)
of the background noise is called the critical ratio (Fletcher, 1940). The masking principles
discussed above that govern the 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 the level of a 3 kHz pure tone that can just be heard is 60 dB SPL, resulting in
a critical ratio of 20 dB. Since it is noise in Lhe spectral region of the tone that contribuies most to
the masking of the lone, measuring overall noise level over a very wide band of frequencies is nol
very uselul unless the noise is flat and one can accutately eslimate the level of noise around the
signal. For a [lat 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 o[ the pure lone. When the noise is not flat, it is hard to calculate the spectmum level in the
frequency region around 2-6 kHz—the [requency region that contains most of the energy in bird
vocalizations.

1 What is “noise” to one listener may be music to another, and vice versa.
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whether it hears well or less well in neise. Thus any complete model for predicting masking for a
given species should use the species’ critical ratio. The next best selution 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 {¢.g., a single vehicle, a piece of construction 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 autornobhile or a piece of consiruction equipment
at 100 meters from the highway because of background ambient noise, the typical bird could not
hear it at all. The bird would have 10 move twice as close to the highway (i.e., 50 metets) 10 barely
hear the sound of an automobile. For a line source (e, a stream of traffic) which deceases at 3
dDB/doubling of distance, this dilference between birds and humans is a factor of 4.

Generally, since human auditory thresholds in quiel and in noise are about 6 dB better than that of
the typical bird. this leads 1o the following two facts when conclusion on assessing the elfect of
noise on birds:

(1Y When estimating whether a bird might be disturbed by hearing traffic or
construction noise from a distant site, this & dB difference in masked thresholds
means that if a human can barely hear traffic or construclion noise from a distant
site, a bird cerlainly cannot hear the noise and therefore 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
ol thumb for estimale whether a distanl noise from construclion equipment might
be disturbing.

(2) [Towever, when trying Lo estimate whether two birds can acoustically communicate
against a background of traffic or construction noise, this 6 dB dilference also
means Lhal the typical bicd must be much closer Lo a singing bird Lo be able to 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 (o be even
closer (i.e., half the distance) in order to hear the singing bird. In this case, human
perceplual experience provides a dangerously poor estimate of whether two binds
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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Figure 7: Crilical Ratios in Birds and Humans
Median eritical ratios for 14 birds (solid line) and the human {dashed line). Dotted line is a slope of 3
dB octave, The critical ratia (3/n ratio) at threshold is abour 6 dB greater in the rypical bird compared 1o
humans over the frequency range of 1-5 kHz (Dooling ef af, 2000b). These median critical ratios for
birds repeesent 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 Masking and Hearing in Noise

As discussed earlier, the audiogram represents the lowest sound pressure level {in dB) of pure
iones 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 setlings is against a background of noise, the pure
tone audiogram is not very useful for estimating what a bird can hear in a natural setting. In other
words, in all environments, other than a quiet backpround of a test booth, ambient neise in the
background has a large effect on what can be heard (i.e., the critical ratio). Therefore, the critical
ralio (Figure 6) provides the metric for estimating the effects of noise on the audiopram becanse it
shows the level (in dB) that a pure tone must be above the spectrum level of noise in order to be
heard.

The realizalion that all hearing in natural settings are masked thresholds and that o signal, in order
to be heard, mustl be a certzin leve! 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 then their rural connterparts because there is less masking
from traffic noise at higher frequencies in rural environments.
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Figure 8: The Effects of Traffic Noise of B4 dBA on Hearing Thresholds of the Typleal Bird
The eflects of iraffic naise illustrated earlier in Figure 2 raises a bird’s threshold. The solid line shows the auditory
threshalds (audiogram) in the quiet The dashed line above the audiogram shows ¢levated thresholds due to
masking by traffic noise at a level of 84 dBA. Thresholds are considerably elevated at low- to mid-frequencies.

4. Effects of Traflic and Construction Neise on Birds—A Review of Relevant Literature
A. Overview

Reviewing effects of traflic noise on birds has been challenging in several ways as; it 1s difficult
to find an effective way to evaluate information from very diverse perspectives to amrive 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 [lindings 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
degrec. 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 saine locatien, and any other
environmental cues ordinarily associated with the signa! {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 shorl term and long term 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 1o hear and communicaie in a noisy envirorument such as turning the head, ralsing
the voice, moving closer to ihe source, etc,

Studies and reviews of the effects of traffic and construction noise on birds are ofien included in a
broader literature on the effects on birds of other noise sources, most notably those produced by
aircrafi (airplane or helicopter) over-flight (e.g., Brown, 1990}, Such studies sometimes provide
insight into the effects of noise on breeding biology {e.g., Bunnell ¢f af., 1981), survival of eggs
and young birds (Burger, 1983; Leonard and Hom. 2008), and non-auditory physiolagical effeets.
A number of these papers might also serve as more controlled experimental studics where the
effects of noise on birds could be isolated and understood, and such studies may provide guidance
for the type(s) of sludies that are needed in order to better undersiand the effects of waffic and
construction noise on birds.

At the same time, the characteristics of noise [rom aircrafl is sufficiently different ftom that
produced by trallic that extrapolation from one set of response data to the other 1s very difficult
(Stansfeld ef al., 2005; Murphy and King, 2014} and perhaps should not be done at all. These
differences include sound level and temporal distribulion. Generally, at similar disiances fromn the
source, aircraft noise is far more intense than noise frem roadways. Moreover, exposure to aircraft
noise is almost always intermittent, whereas traffic noise can often be characterized and modcled
as a continuous, lower level noise source. Birds respond to such differences in sounds in different
ways; therefore, il becomes questionable whether it is possible (o extrapolate between sound
sources 1n trying 1o assess the effects ol traffic neise on birds.

There is censiderable evidence that road noise can contribute to stress and alter human physiology
in many ways (Miller, 1974; Ohrstrom and Rylander, 1982; Ohestrént and Bjdrkman, 1983; Ouis,
2001; Le Prell et al., 2012; Murphy and King, 2014). While caution 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 bath on sound for communication, suggests the possibility that stress
aod physiclogical effects on humans may be paraileled 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 exposure for terrestrial organisms could become signiticant (Barber
el al,, 2010, Pijanowski e al., 201 la, b; Luther and Magnotti, 2014; Merchant et @/, 2015}, When
the origina! 2007 reporl {Dooling and Popper, 2007} was written, there were relative few well-
controlled studies on the ellects of traflic noise on birds and a considerable amount of grey
literature consisting of uncontrolled studies and anecdotal observations studies all suggesting the
possibility of negative effects of trafTic noise on birds. For instance, al that lime there were reporls
from several investigators, later conflirmed and published, sugpesting that there may be differences
in vocalizations 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 lrequency noise from urbanization, including
iraffic noise {Memeth and Brumm, 2009; Nemeth and Brumm, 2010a; Slabbekoom ef & , 2012)
However, these stwlies in aggregate also led to two other inescapable conclusiens: 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 iraffic and construction noise on birds.

However, in the past eight years, there has been a number of more refined laboratory and
experimental field rcsearch 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 ievels. While there are still numerous questions,
especially with regard to species differences. it is overwhelmingly clear that many species of birds
do respond to traffic noise (though no studies have focused on construction noise). However, it is
also becoming apparent, as also discussed below, that tany bird species successfully use the same
kinds of strategies that humans and other animals use to hear and communicate in a noisy
envirenment such as that created by traffic noise,

Results up to 2007: Many of the key issues involving the effects of tralfic 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 dala 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 1o the original report (attached as Appendix

Many of these carlier studics were in a very rcal sense pioncering. They also in many cases
revealed considerable specics variation and often did not have sufficient control of critical
variables; therefore, these studies could not isolate the potential cffects of highwuy noise on birds
or provide gencral guidance (Clark and Karr, 1979; Ferris, 1979; Van der Zande e @i, 1980;
Reijnen and Foppen, 1994; 1995; Reijnen er al., 1995; Lee and Fleming, 1996; Llacuna et al.,
1996; Kuituncn ef @/ , 1998; Reijnen et al., 1998; Clench-Aas et al., 2000; Stone, 2000, Femandez-
juricic, 2001; Forman et al., 2002; Peris and Pescador, 2004). This litcrature has been reviewed
several times in recent vears {e.g., Sarigul-Kliju ef al., 1997; Kascloo, 2005; Warren ef al., 2006,
van der Ree ef al., 2011; Ortega, 2012; Slabbekooru e al., 2012; Mcrchani et al., 2015); therefore,
it will not be re-revicwed here. Instead, issues arising from this earlicr work are listed below as a
framework in which to understand the more recent, and gencrally more scicntifically rigorous,
work that has followed.

1) What evidence is there to suggest that results fromn one specics ot sct of conditions can
be generalized to all bird species?

2) Which aspects of a bird’s behavior are likely to be affected by traffic neisc?

3) How can one be sure that the effects of traffic noise on a hird is due to noisc and not (o
other accompanying visual (i.e., maving vehicles) or olfactary {i.e., exhaust ¢missions,
or tactile (i.e., vibration} stimuli?

4) Most studies are of adult birds. What are the effects of tralfic 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 noiscs?
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Studies Since 2007: Many of the more recent studies discussed below add maore 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 revicw and now allow conclusions on these questions,
Icading to an overall better understanding of how censtruction and traffic noise could impact birds.

Reparding the prevalence of noise effects on birds, a within-genera coinparison of singing in 529
bitd specics within 109 penera has recently showed that species oecurring 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 (ITu and Cardoso, 2009, 2010). For
example, white~crowned sparrow (Zonotrichia leucophrys) song increased in minimum frequency
from 1969 to 2003 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; Luther and Dercyberry, 2012, Luther and Magnotti, 2014).

For some species, it is clear that the whole communication process is affected and not just by the
level of noise but by the actual signal-to-noise ratio. European robins (Erithacus rubecula) were
presented with twa 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 & al., 2014).

In another study, low frequency traffic noise reduced female canary responsiveness to low-
frequency, more altractive songs but did not affect responsiveness to high-frequeney songs {Huet
des Aunay ef af., 2014). In the great tit (Parus major), low frequency songs by males are related
to female ferility and sexual fidelity. Urban noise impairs male-female communications shifting
communication to higher frequency songs (Halbwerk ¢t af., 2011). Interestingly, artificial noise in
nest boxes shows that female great tits can steer 1nale singing behavior under noisy conditions,
inaking males sing closer to the nest boxes even though males were not themselves exposed o
noise {Halfwerk er al., 2012). In another study, 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 varianis of song was less efficient than discrimninating high
frequency variants. High frequency eleinents were used by birds in urban noise, while all song
elements were used in discriminating between songs in woodland noise {Pohl et @i, 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 relationshup between
these changes or if they occur independenily (reviewed in {Zollinger ef al., 2012). Some birds
adjust both loudness and peak frequency in their songs to compensate for traffic noise rather than
simply adjusting loudness with a correlated frequency shift (Cardoso and Atwell, 2011}, Other
species vary multple parameters. With increasing noise levels, plumbeous vireos (Fireo
plumbeis) sang shorter songs with higher minimum frequencies while grey vireos (Firee vicinior)
sang longer songs with higher maximum frequencies suggesting that vocal plasticity may help
some species occupy noisy arcas (Francis er al, 2011a, b). But the results are likely
environmentally determined. The common blackbird (Turdies menda) preferentially sang higher
frequency songs elements that can be produced al higher intensities and, at the same time, are less
masked hy low frequency traffic noise (Nemeth er ol 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 at increasing communication distance in noisy environments than was
increasing vocal amplitude (Nemeth and Brumm, 20108). Silvercyes (Zosterops lareralisy exposed
to low and high frequency noise lowered the minimum frequency of their calls, and this shifi was
independent of amplitude which increased in all noises. Thus, silvereves are clearly capable of
flexible 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 (Troglodyles aedon),
anthropogenic noise reduced bandwidth, increased trill rate, and increased minimum frequency
(Redando et al., 2013). On the other hand, both northern cardinals (Cardinalis cardinalis) and
American robins {Twrdus migratorius) increased frequency range as noise increased but did not
change song length or singing rate {Seger-Fullam e/ @/ . 2011). A study in house sparrows (Passer
domesticus) revealed that chronic noise exposure reduced fitness by masking parent-offspring
communication rather than male-female communication (Schroeder ef al,, 2012). Moreover,
black-capped chickadees (Poecile atricapiifus) use shorter, higher [requency vocalizations when
traftic noise is high, and longer, lower frequency sangs when noise abates (Prappe ef 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 ef 2/, 2012). Finally, a pattem seen amnong seven songbird species is that noise
contributes to declines in urban diversity by reducing the abundance of select species In noisy
areas, especially species with low frequency songs {(Proppe ef al , 2013).

Noise effects are complex, usually related Lo level, and can be both shorl- and long term. Serins
(Serimues serinus), a small European songbird related Lo canaries, responded to increasing levels of
anthropogenic noise by increasing song activily up to noise levels of about 70 dBA, afier which
singing activily decreased with further increases in noise level (Diaz ef al., 2011). Male cardinals
gave slronger responses 1o songs of average (requency than to songs with shifted frequency at low
levels of background noise, but the difference disappeared at high noise levels, suggesting that
{requency shilled songs were not advantageous in terms of conununication at higher noise levels
(Luther and Magnotti, 2014). Red-winged blackbirds (dgelaius phoeniceus) increased song
tonality when lemporarily exposed to low frequency white noise, and birds living in noisier
environments showed increased tonality when singing in quiet, suggesting both short-term and
long-term effects (Hanna et af., 2011). On the other hand, male red buntings (Emberiza brusiceps)
adjusted their sonps immediately in response 10 noise singing at higher frequency and a lower rate

when noise level were high, suggesting short-term, rather than long-term, adaptations (Kane ¢/ af.,
2010).

The cffects of noise on bird songs are usually. but not always, negative. The female American
kcstrel {Fafco sparverius) had higher conisol levels and abandoned nests more frequently near
busy roads and developed areas (Strasser and Heath, 2013). In a study of a number of bird species
in northwestern MNew Mexico, noise alone decreased nesting species richmess and this led to
different comniunities of birds with less interaction with one another. But, unexpectedly, this same
noise indirectly facilitated reproductive suecess of individuals nesting in noisy areas as a result of
disruption of predator—prey relationships {Francis er al., 2009}, Experimental noise exposure data
in six Europcan songbird species revealed a noisc-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 starling times for dawn
singing {Amoyo-Solis er af., 2013).

Another study of six differcnt American songbird species ulso found that the eflects of urban nois¢
on song were inixed. 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 [or lwo species, with increasing urban noise at quict sitcs
(Dowling ef al, 2011). A recent paper exumined the elfecis of noise on a bird’s ability to
discriminate between various lcvels of song degradalion—a cuc used by birds to pauge the distance
from other singing birds. The great tit's overall responses in a noisy dawn chorus were,
unexpectedly, very similar to their performance in silence.

Finally, Ware et al. (2015) conducted a well-controlled and designed study that separated the
cffects of traflic noise from the other sensory effects that accompany traffic noise such as exhaust
(i.c.. olfactory) and vehicular traffic (i.e., visual) by creating a “‘phantom road.” Resulis across
species were decidedly mixed. Some species avoided the noisy area, and some lost weight, while
others did notl. [1's possible that presenting traffic noise without the attendant visual {e.g., moving
vehicles). olfactory (i.e., exhaust emissions), and taetile (1.e., vibration) eues is itself stressful to
some birds because these cues all nommally occur together. Results from these recent studies
confirm that the effects of traffic noise remain complicated and arc highly likely to vary by species
and nther conditions (see also Merchant ¢ af., 2013},

Recent studics 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 vchicles, in their environment and, thus, the effects of noise alone might be easier to gauge.
Crino et al {2013) showed nestling white crowned spacrows {Zonotrichia leucophrys) exposed to
traffic noisc had lower glucocorticoid levels and improved condilion relative to control 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 lots, and other noisy
environments. Birds did not increase the amplitude or structural characteristics of the begging calls
in response to increasing noise levels (Swaddle ef al., 2012). On the other hand, a recent study on
zebra finches by Potvin and MacCoupgall-Shackleton (2015) showed that chronie, long-term
exposure to traffic noise in an experimental setting had hoth immediale and long-term effects on
song but not in a way that would reduce masking. Moreover, the noise exposure resulted in a
decrease in corticosterone suggesting reduced stress.

Finally, a recent siudy examined the effects af traffic noise played to juvenile free-living house
sparrows (Pasyer domesticus) and showed that exposed birds had shorter telomeres (chromosome
ends) than birds not exposed, although the experimental and control birds were 1denticol in all
other ways, including health (Meillére et af., 2015). Telomeres decreasc in size with aging, and it
is generally accepled that there is a correlation between telomere length and longevity. Thus, these
results, though the first of 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 eftects ol noise on birds is one of mare careful

data collection and focused research designs but with complex outcomes still occurring and large
species differences still the rule. Finally. extreme noise events may also have more extreme effects,
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Using weather radar technology, it was documented that thousands of birds take flight following
evening fireworks displays lasting 43 min. The peak densities of {leeing birds extended to altitudes
of at least 500 feet (Shamoun-Baranes ef af., 2011). While this is the only report of its kind, it inay
have implications for the effects of short-term, high-level consiruction noise, especially when it
occurs at night.

Summary of Recent Studies on Effecis of Traffic Naise on Birds: The overall picture that etnerges
from the research since 2007 is still enc of considerable complexily and variation. It is now
abundanily clear that noise has a widespread effect on many species of birds. However, this is not
to say that it ig any easier to predict the specific effects of raffic noise on any particular species in
its natural habitat. The receut literature also shows that the same noise can affect different species
sometimes in thc same way but often in diffcrent ways. And it is stli the case that there are clear
examples where traffic noisc actually benefits a species rather than causing harm.

Nevertheless, it is difficult to argue with the notions that the world is an increasingly noisy place
and noise affects birds and interferes with their acoustic communication. It fallows that there
should be an effort made to monitor anthropopenic noise and decreasc noise levels where possible.
The challenge in pinpointing specific effects of noise or finding invariant 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 expericnces (.., 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 tor conununicating effectively in noise. which makes it impossible to
determine that a particular type or level of noise is accurately predictive. It is evermore clear from
lield studies and weli-controlled laboratory studies that birds can and do use human-like strategies,
described below, for counteracting the effects of an increasingly noisy cnvironment. 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 acoustie commmunication. In other
words, there is a precise signal-to-noise ratio at the ears below which communication is impossible
without employing short terru adaptation strategies (i.¢., those typically available to freely moving
birds in their natural habitat). That signal-to-noise value comes from laboratory studies and is the
critical ratio.

C. Short-Term Adaptativns to Noise Masking

A critical question is how birds, or any animal, including humans, adapt o noise (traffic) masking
in the short term. Based on bhoth 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 ndjust the characteristics of their vocalizations in response to temporary changes in (he
background noise. There is now a considerable amount of literature demonstrating that birds can
adjust the amplitude of their vocalizations in respoose to increased neise by a phenomenon [irst
referred to in humans as the T.ombard effect. A number of species of birds have been shown 1o
raise the level of their vocal output by as much as 10 dB in the presence of moderate background
noise that is loud enough affect the bird’s perception of its own vocalizations (Petash, 1972; Cynx
ef al., 1998; Manabe ¢/ @l , 1998; Brumm and Todt, 2002; 2003; Hu and Cardoso, 2010; Nemeth
ef al., 2013a).
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The ability of birds to adjust vocalization in the presence of noise has now been demeonstrated by
studying behaving birds trained to wear headphones while vocalizing (Osmanski and Dooling,
2006). In these experiments, presenting noise through headphoncs caused the bird to raise the
amplitude of vocal output by as much as 10 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 (Luscinia megarhynchos) sing louder in noisier territorics, and birds in urban areas
sing louder on working days than on weekend days when noise levels arc reduced (Brumm, 2004).

Parzlleling 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 serics in noise (Potash,
1972} and king penguins (Aptenodytes patugonicus) respond to increasing levels of background
noise due to wind by increasing the nuniber of syllables in their calls (Lengaghe ef /., 1999),

Birds are also capable of mzking short tenn alterations in the spectrum of their vocalizations
{(Hultsch and Tody 1996; 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 the
pitch of its vocalizulion in the opposite direction (Osmanski and Dooling, 2{009). These
experiments demonstrate that birds have some shor-tetin conwol over the pitch of their
vocalizations and may use this abilily to maximize information transfer in a noisy envitoniment.

Cleerly, 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 well known that
hirds can adjust the timing ol their vocalizations 1o avoid competition lor acoustic space with other
species or ta coincide with low noise periods to prevent auditory masking {Cody and Brown, 1969,
Wasserman, 1977; Ficken et al., 1985; Popp e al., 1983; Popp and Ficken, 1987, Evans, 1991;
Luther and Baptista, 2010b; Nemeth and Brumm, 2010b).

Birds {hoth senders and receivers) can alse 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 the transmission pathway is better for
the signal than the noise (Brumm and Slabbekoorn, 2003). Thus. moving higher up inte the canopy
of the vegetation is another response that will improve the signal-to-noise ratio (Mathevon e/ 4/..
1996; Holland et 2!, 1998). With European blackbirds {Turdus merufa}, 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 comparable to the receiver moving 90 melers (295 feet) closer to the sender
horizontally (Dabelsteen et ai., 1993).

Birds (like humeans and other hinaural animals) enjoy a “spatial release™ from masking when the
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 hunan 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 &r ¢, 1997). A Laboratory study with budgerigars under contrelled conditions has
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shown that the amount of this masking release is can be ss much as 1015 dB when the noise and
the signal arrive at the bird’s ears from 90 degrees apart (Dent et @f, 1997) pamlleling 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 inte a gquedrupling of distance over which two birds could
communicate if they position themselves optimnally with regards the noise source (1.e, at 90
degrecs).

D Long-Term Adaptarions 1o 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 inscct sounds, and other
noise-producing environmental factors such as a streams, waterfalls, ete. Biologists have long
suspected that such noise has exerted a selection pressure on the evolution of acoustic signals,
especially in bitds (e.g., Morton, 1975; Brenowitz, 1982; Wiley and Richards, 1982; Ryan and
Brenowitz, 1985; Slabbekoorn, 2004; Smith et /., 2008, 20113). Brumm and Slabhckoorn (2003)
reported that the large-billed leaf-watbler (FPhylloscopus 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 reported, or suspeeted, in a number of
avian species (Douglas and Conner, 1999; Slabbekoom and Smith, 2002; Slabbckoorn and Pect,
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 cnvironmental noise by evolutionary or
ontogenetic changes or both,

E. Estimating Maximum Communication Distance between Twa Birds Using Laboratory
Masking Data

The question of whether noise affects vocalization structure raiscs a parallel question of how much
noise is too much, In other words, how loud does a noise have to be before the bitd must begin to
alter the structure of its vocalizations in order to communicate? To address this question with
quantitative ripor, Lohr er a/. (2003) examined the cff¢cts of masking on the detection and
discrimination of species-specific vocalizations in zebra finch and the budgerigar using two
different types of continuous noise—one a flat, broadband noise and the other shaped like traffic
noise with more enerpy at low frequencies and less at high frequencies.

Lohr and his colleapues used both budperigar vocalizations {nacrow 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 recopnize a particular sound. Results show exactly this fot —it requires
slighily better signal-te-noise ratio for birds to discriminate between two sgunds in noise than 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 enouph 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):

dm: EA‘dm
Drop=20vlog — 4 —
d, 100

Drop:  the amount of signal attcnuation from source intensity to that at

threshold;
dme: the maximum communication distatice;
do! the distance at which soutce intensity is measured; and
EA: the amount of excess atienuation (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 itis 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/100 meters (appropriate for an open area) (Lohr ef 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 (Marlen and Marler, 1977;
Brenowitz, 1982).

Such an approach provides a way to estimate maximum communication distance under 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 bitds to hear vocalizations in
traffic noise than flat noise. A hird can detect and discriminate budperigar calls at longer distances
than it can zebma finch calls. Budgerigars do better than zebra finches. And the distances over
which signals may he 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 term adaptation strategies animals are able t¢ use in their natural habitats. So, the
distances obtained from this model represent the worst case scenario.

F. Puiting It ANl Together—Predicting the Effects of Noise on Bird Acoustic
Communication

It is clear 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 biclogically 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 (Decling 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. It is now clear that signal discrimination requires a higher
signal-to-noise ratic 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 (Lobr et al, 2003; Freyaldenhoven et af, 2006).
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. It is not possible to measure comfortable
communication in a bird, but in humans a signal-to-noise ratio of ahout 15 dB is required.
The similarity between birds and humans on the different signal-to-naise 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 spectrum 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 acoustic 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 githet be measured
directly or they can be estimated by applying signal attenuation algarithms to both the noise source
and the signal source, The model is particularly relevant because it incorporates the notion that
different auditory behaviers from detection (i.e., the critical ratio) to communicating comfortably
{i.e., 15 dB greater signal-to-naise ratio than the deteetion threshold). For the listening bird, the
model provides distances corresponding to the human perceptual expetience of cominunicating
comforably versus just being able to detect that something was said.

Figure 9 shows the effects of anthropogenic traffic noisc 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 ai the listcning bird of 60 dBA—a level that is
typical of traffic noise measured roughly 300 melers (984 feet) from a busy 6 lane roadway. This
example assumes the calling bird is vocalizing at a peak SPL of 100 dB (as measured 1 meter (3.3
feet) from the bird) through an open area and that the vocalizaiion 1s affected by excess attenuation,
in addition to the loss due to spherical spreading, of 5 dB/100 neters (328 feet).

In this noise. a comfortable level of communication between two birds requires a distance between
them of less than 60 meters (197 teet). Recognition of a bird vocalization by the receiver can still
occur at greater inter-bird distances up to about 220 meters (722 feet). Discrimination between two
vocalizations is possible at inter-bird distances up to 270 ineters (886 feet). And finally, simple
detection of another bird’s vocalization can occur at distances up to 345 meters (1,132 feet) in this
noise, These [indings can be plotted in terms of a bird’s active auditory space as in shown in Figute
10 as & set of concenlric circles with a listening bird in the center and a calling bird located at
various distances from the listener representing the kind of auditory behavior that is possible at
that distance.

(. Defining Guidelines jor Effects

The model described above (Lohr ¢f af, 2003; Dooling et al., 2009; Dooling and Bluruenrath,
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therefore these plots would look different for different species. Beeause budgerigars hear better in
noise (smaller ¢ritical ratios) than, for instance, canaries, under the same ¢onditions of an open
habitat canaries would a much smaller active vocal space than do budgerigars in the same ammount
of noise. The model used here 15 successful in predicting communieation distance in a variety of
cnvironments and a varicty of species. When this model is combined with commercial software
{e.g., SoundPlan2%) for predicting noise charactenstics at different distances from a highway, a
map can be made describing the bird’s communication difficulty at any location from the highway.

Figure 10: Diagrammaiic Representation of Bird Communication

A diagrammatic representation of data in Figure 9 showing the quality of hearing for a bird in noise located at
different distances from a sound-emirting bird. A bird can just hear a vocalizations (j.e., detect if) at 2 much
greater distance than is required for comforiable communication. This represents the worst case scenario based an
critical ratio data from the laboratory and does nat include short-lerm adaptation strategies described earlier,
which would improve communication.

Based on laboratory data, this Guidance Document recornmends 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 levels less than 110 dBA SPL continuous are extremely unlikely lo cause
hearing damage or permanent 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 m harmony 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 B5 dBA for B hours.

(3) At farther distances from the highway, once the received level of traffic and construction
noise falls below the ambient noise level (particularly in the region of 24 kHz), there 18
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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 iraffic and construction noise
known to annoy bumans provide a useful interin guideline for the potential to cause
physiological stress and behavioral disturbance in hirds. Generally, construction noise,
because it is both short term and more intermittent, is likely to have less of an effect that
trafiic noise. This is expected except in rare in cases where birds may remain in close
proximity te 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 the
typical bird. It follows that {affic and construction noise [rom either traflic or construction activity
that is just barely audible to humans at any piven distance. almost certainly cannot be heard by
hirds at the same distance. Second, the converse is also true, il a human listener can barely hear a
bird singing against a background of traffic and construction noise, maskinpg data suppest that
anather bird would have to half again as close to singing bird in order to hear it. In this case, using
human hearing as a guide underestimates the eflects of noise on bird communication.

5. Summary and Overview of the Effects of Traffic Noise on Birds

1y

2)

3)

Stress and physiological effects:

a) There are no studies definitively identifying traffic noise as the critical variable aflect bird
behavior near roadways and highways.

b) There are well-docunicnted 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, when viewed with care, to birds.

¢} Traflic/construction noise below the bird’s masked threshold has no effect.

Acoustic over-eXposure:

a) Birds are more resistant to both temporary and permanent hearing loss or in hearing
damage from acoustic overexposure than are humans and other animals that have been
tested,

b} Birds can regenerate the scnsory hair cclis of the inner car, thereby providing a mechanism
for recovering ftom intense acoustic over-exposure, a capability not found in mammals.

¢) The studies of acoustic over-exposure in birds have considerable relevance for estimating
hearing damapge effects of traffic noise, non-continucus construction noise. and for
impulsive-type construction noisce such as pile drivers.

Masking:

a) Continuous noise of sufficient intensity in the frequency region of bird hearing can have a
detrimental effect on the detection and diserimination of vocal signals by birds.

b) Noise in the spectral region of the vocalizations has a greater masking affcct 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.p., insects, vocalizations of other hirds).
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1)

3)

6}

c)

d)

Generally, human auditory thresholds in quiet and in noisc are better than that of the typical
bird, which leads to the following conclusions:

(1) The typical human will be able to hear single vchicle, trafiic 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 ablc ta 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 pn bird communication.

From knowledge of* (i) bird hearing in quict and noise, (ii) the Inverse Square Law, (iii)
Excess Attenuation in & particular environment, and (iv) species-specific acoustic
characteristics of vocalizations, rcasonable predictions can bc madc about possible
maximum communication distances between two birds in continuous noise.

The amount of masking of vocalizations can be predicted from the peak in the tatal power
speetrum of the vacalization and the bird’s critical ratio (i.¢., signal-to-noisc ratio) at that
frequency of peak energy.

Birds, like humans and other animals, einploy a range of shori-term behaviaral strategies,
ar adaptations, for communicating in neise, resulting in a doubling to quadrupling of the
efficicney of hearing in noisc.

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), low level but audible sound in non-communication frequencics (c.g., the
rumbling of a truck) can potentially cause may cause physiological or behavioral
responses}. Beyond effeets duc 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 the additive cffects of traffic noise and environmental noise.

Extrapolation of data from humans and birds to other species:

a)

b)

Since there is substantial variation in bird hearing and behavior, considerable care must be
taken when trying ta extrapolate data between species, and particularly when the species
have different hearing capabilities and acoustic behaviors.

Data fron: humans has relevance to understanding effects of sound in birds. 1n particular,
data on physiological effects in humans may have implications for birds, but additional
study is needed.

Much nore data are needed on:

a)
b}

<)
d)

€)

Physiological effects of sound on birds.

How responses vary between species with repard to masking, hearing loss, and hearing
recovery.

Hearing in young animals and how this compares to that in adults,

Additional, and carefully selected, species so there is a large enoupgh database from which
to allow extrapolation between species, and broader generalizations on effects of noise ¢n
binds.

A broader range of studies, as discussed in detail in Appendix F.
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6. Estimating Effects of Trafiic Noise on Birds, Rationale, and Inferim Guidelines

This Guidance Document has reviewed three classcs 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
interim criteria.

1. Behavioral 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 taffic noise could have a number of adverse
effects, there are several studies {c.g., Awbrey ef af., 1995) showing that birds (as well as other
animals) adapt quite well, and cven appear sometimes to prefer, environments that include high
levels of traffic noise. Given the lack of empirical data on this point, it is recommended using
suhjective hnman experience with the noise in question as an interim guideline to estimate
acceptable neise levels for avoiding stress and physiological effects. Noise types and levels
that appear to increase stress and adverse physiological reactions in hurnans may also have
similar consequences in birds.

2. Damage to hearing from acousiic overexposure: In contrast to the above, there are many
definitive studies showing the cffects 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
eonstruction noise, even at extreme levels, is unlikely to ¢ause threshold shifl, 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. Construction
noise, such as impulsc noise from pile driving, does reach high levels and may be capable of
causing damage to auditary structures in birds.

3. Musking of communication signals and other biofogically relevant sounds: Many laboratory
masking studies show preeisely the effects of continuous noise {including traflic 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
responscs for mitigating the effects of noise are not available to the bird in a laboratory test
situatiou. These masking studies led to an overall noise level guideline of around €0 dBA for
continuous noige. Since this 60 dBA criterion was developed, however, controlled laboratory
and field studies have extended the ranpe 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, sirongly suggesting that acoustic communication in some species might be
aftected by an overall tratfic and construction noise level even less than 60 dBA, while olhers
would not. For some other species, communication between individuals, especially if they can
employ short-term behavioral strategies for hearing in noise, might be unaffected al even
highet levels of noise perhaps approaching 70 dBA. These short term behavioral adaptations
include scanning (head tuming), raising vocal output, and changing singing location. Each of
these siratepies alone can result in a sipnificant pain in signal level or signal-to-noise ratio of
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about 10 dB (under masking conditions), and birds can cmploy all three stralegies
simultaneously.

4. Practical guidelines arising from maskiny studies: There is a comnion sense, exiremely 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: {1} Humans can hear traffic noisc,
in & natural environment, at iwice the dislance from the roadway/highway than can birds. In
ather words, if in a natural environment, distant traffic noise is barely audible ro humans, it is
certainly inaudible to birds, and will have no effect on any aspect of theitr 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 inlormal estimate of maximum communication distance
between two birds voealizing against a background of continuous traffie noise. This works nat
anly for the typical bird, but it is probably also valid for most species.

These recommended guidelines for estimating effects that traffic noise has on masking in birds are
interim guidelines for several reasons.

1. The imferim puidelines are hased 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 ta recall that bird species €an vary considerably in how they
hear in the presence of noise; some have masked thresholds that approach those of humans,
while athers have masked thresholds that are 3—4 dB worse than thresholds for the typieal 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 influenced 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: Spccics that arc in an undeveloped stale at hatching or birth and require care and feeding
from parcnts.

Audiogram: A measure of hearing sensitivity, or threshold, at each frequency in the hearing range
of an animal gr human.

Auditory brainstem response (ABR): A physiological method to determinc hearing bandwidth
and sensitivity of animals without training. Electrodes (wires) arc placed on the head ofthe
animal just outside of the basc of the brain (brainstem) to record clectrical signals (cmitied
by the brain} in response to sounds that arc delected by the ear. These signals are averaged
and used to determine if the animal has dciccted the sound. It is possible to determine
auditory thresholds for fishes using this method. The same method is used for numcrous
other species, including measurcment of hearing capabilities of newborn human babics.

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—ofien 50%
or 70%. Absolute thresholds are the lowest level of signal that is detectable when there is
no background (:nasking) 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 the
avian cochlea since it may be evolutionarily related to the mamnalian hearing organ, the
cochlea.

Broadband: Defined as noise ihat covers a wide range of frequencies relative to which the ear is
sensitive. In contrast, natrowband noise covers only a limited number of (contiguous)
frequencies. In relation to bird or human hearing. for instance, a broadband noise might
coniain sound energy from 100 to 10,000 Hz, whereas a narrowband noise may contain
sound energy from 500 to 550 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 spectrumn level) at a listener’s threshold, For example, if a listener can just
hear a 60 dB pure tone against a background ot 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 diflerence of 10 dB corresponds to a factor of 10 in sound power. The actual
sound measureinent is compared to a fixed reference level and the decibel value is defined
to be 10 logio (actual'reference), where (actual:reterence} is a power ratio. Becanse sound
power is usually proportional to sound pressure squared, the decibel value for sound
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pressure is 20logis (actual pressure/reference pressurc). As noted above, the standard
reference for underwater sound pressure is 1 micro Pascal {uPa). The dB symbol is
followed by a second symbe! identifying the specific reference value (i.c., re 1 pPa).

Effects: In this document, we have defined effecs to mean any response by birds to traffic and
vonstruction noise. Our definition does not invoke or imply regulatory definitions of effect,
as found 1n any law or regulation affecting birds.

Frequency spectrum: See Spectrum.
Hertz (Hz). The units of frequency where 1 hertz — 1 cycle per second.

Impulse sound: Transient sound produccd by a rapid release of energy. usually electrical or
chemical such as circuit breakers nr explosives. Impulse sound has extremely short
duration and exiremely high peak sound pressure,

KiloHertz (kHz): A unit of frequency representing 1,000 Hz-

Noise: Generally an unwanted sound. Noisc is ofien in the “ear of the beholder™ in that a signal
may be an imponant sound 1o onc listencr and unwanted “noise” to another,

Noise level: Thc noisc 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, sound levels for birds are
referenced in terms of dB or wrighted as dBA,

Octave: An octave is any band where the highest included frequency is exactly two tiines the
lowest included frequency. For example, the frequency band that covers all frequencies
between 707 Hz and 1.414 Hz is an octave band. The next octave band would be 1,414 to
2,828,

Ontogenetie: Development of an organisim, usually from time of feriilization until it reaches its
mature form.

Otolithic organs: The end organs in the verlebrate ear (saccule, utricle, Jagena) associated with
determination of head position relative to gravity. Along with the semicircular canals, these
make up the vertebrate vestibular system.

Passeriformes: Song birds,

Fermanent threshold shift (PTS). A permanent loss of hearing caused by some kind of acoustic

or drug trauma. PTS results in irreversible 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) falline within piven freauency bins. The most conumon way
of geperating a pow but other
technigques such as the

Semicircular canals: Three canals in the veriebrate 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 paze of the eyes on an object, even as the head maves.
The semicircular canals and the otolithic orpans make up the vestibular part of the ear.

Sensory hair cells: The cells in the basilar papilla and other end organs ol the ear that are
responsible for converling (transducing) mechanical energy of sound to signals that can
stimulate the nerve from the ear to the hrain (eighth cranial nerve).

Sound pressure level (SPL): The sound pressure level or SPL is an expressioo of the sound
pressure using the decibel {dB) scale and the standard reference pressures 20 uPa for air
and other gases.

Spectrum level: The intensity level of a sound within a 1 Hz band.

Spectrum (Spcetra): A graphical display of the contnbotion of each frequency component
contained in a sound.

Temporary threshold shift (TTS): Temporary loss of hearing as a result of exposure (o 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 TTS are not well understood, but there may be some
temporary damage to the sensory hair cells. The duration of TTS varies depending on the
pature 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 detecl in
some slatistically predetermined percent of presentations of a signal. Must ofien, the
threshold is the level at which an animal will indicate detection 30%: 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 respense coresponding approximately o
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 terms of dBA and this is generally measnred using a sound level
meter with an “A-weilghting” filter. The level of a sound in dBA 13 a good measure ol the
loudness of that sound, Different sources having the same dBA level generally sound about
equally loud.

2 From: hitp2//mathworld. wolfram .com/PowerSpecerum.heml
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Appendix B: Complete Table of all Behavioral Studics of Hearing in Birds

iQrder Common Name {zenus and Species References

A nseriformes rnallard duck dnas platyrivachns { Trainzr, 1244)

A podiformes Australian grey swiftlet K oflocalia Spodiopyeia {Coles ef af , 1987}
Caprimulgiformes  foslbird LY lealornis caripensis { Koonishi and Knudsen, 1979)
K asuariiformes r2mu Dromaius novachnilandiae  {Manley ¢ ai |, 1997)

K_haradriiformes

plains wanderer

Pedionantiug Yoraquatus

{ Pettierew ¢ of , 1990}

Columbiformes

igeon

Cofunibia fivig

{ Trainer, |94f; Heize. 1933; Hienz o
al, 1977)

Falconiformes

[American kestrel

Falco sparveris

{ Trainer, 1946

Falconiformes

European sparrowhawk

L Accipifer susus

[ Trainer, |946; Klump ¢f af., 1984)

iialliformes

bohwhite quail

Colinus vireignus

Barton e al, 1984)

Gray and Rubel, F985; Saunders and

Gallifores chicken Gollus Salvi, 1993)
Galliformes Japanese quail Conurnix faponica Miemice ef of , 1994)
Galliformes turkey Meicagris galiopavo Majorana and Schleids, 1972}
asseriformes |American rabin Turdus migratorine Konishi, 1970)
blue jay Cvanocifta crisiata K Cohen ef al,, 1978}

hrown-headed cowbird

Molothris aler

{Hichz er al., 1977}

bullfinch Pyeriian g H Schwartzkopff, 1949}
chipping sparrow Shizella passering H Konishi, 1974)

Common canary \Serinus canaring {(Okanoya and Dooling, 1987)
COMMmon Crow Corvax brachyrtpnchos { Trainer, 1946)

Eurnpean starling

St vielgaris

Trainer, 1946; Konishi, 1970; Kuhn
2t af |, 1982 Daoling of af, 1986)

field sparrow

Spizella pusitla

Daling #f al | 1379}

firc finch aganosiicia senegala { Dooling el al., 2000h)
. . . Klumnp ef of, 1986, Langemann of
preat it Paris inajar al., 1996)
house finch oarpodacus mexicanus Dooling ef o, 1978)
house sparrow Passer domesticus Konishi, 197¢; Aleksandroy and
Dimitrieva, 1992)
pied flycatcher Ficedula lypetueca Aleksandrov and Dmitrieva, 1992)

red-winged blackbird

L4 geluins phoenivens

Hienz et al., 1977}

late-colgred junco

LUiuico lyemalis

(Konishi, 1970)

ng Sparrow

Nelospiza melodia

{ Okanaya and Dooling, 1987, 1938}

SW AN SPAITOW

Aelospiza pearplona

{ Okanoya and Dooling, 1987; 1288}

western meadowlark

Sturrella neglecia

{ Eonishi, 1970

ek finch

Tuemiopyyio gutiui

(Okanova and Dooling, 1987
[Hashino and Okanoya, 1989)

Pziltaciformes Bourke’s parrot Neophema bourkii IDoaling et al. Unpublished Data
Dooling and Saunders, 1974; 1975
hudgerigar Welopsittaeuy nndulores g:']‘]lr(::::sl ;; [;;: f'Lf) J::::;:::]u; ch;gl?nn;
1957, Hashino ef al, 1938)
cockaticl Wymphicas hollandicus Okanova and Doeling, 1987)
orange-fronted conureq \Aratinga canicularis K Wright er @i, 20633
Strigiformes African wood owl WSirix woodfordii {Nieboer and Van der Paardt, 1976}

{Konishi, 1970; 1973; Dyson e al

barn awl Tvio alba 1998)
brown fish owl Netipa zepfonensis
eagle nwl 160 Van Dijk, 1972)
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{rdar iCommon Name

iGenus and Species

References

forest eagle owl

Buho nipalensis

reat horned owl

Bitho virginianus

Trainer, 1946)

long eared owl

I5in ofus

L van Dijk, 1972}

mottled owl 1Sfrix virgaia
seops owl (s scopy
Snowy owl INyvolea scandicca
spotted wond owl orrix seloputo
fawny owl Stiix alico

white-faced scops awl

Hus fencolis
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Appendix C: Complete Table of all Behavioral Studics of Critical Ratios in Birds

Order

{Common Name

iGenus and Species

[Relerences

Columbiformes

pigepn

Columbia livia

Hignz and Sachs, 1987)

Passeriformes

brown-headed cowbird

Mdothrus ator

Hienz and Sachs, 1987)

commen canary

\Serinits canarius

Okanova and Dooling, 1987}

[European starling

bSiarny viilgaris

Okanava and Dooling, 1987}

fire finch Lagonasticia seneaaia (Lohr &f af., 2004}
eat tit WPeir s mrayior Langemann ef ail., 1998)
red-winged blackhbird Agelatus phoenicens Hienz and Sachs, 1987)
O SPArTDw Malaspiza melodia
Walp spamow i\ fefospiza geargima Okanoya and Dooling, 1987)
gzebra finch Taeniopygia glitai )
Psittaciformes budgerigar W elopyittacus ynduwiofas Dooling and Saunders, 19%75; Daoling
et af., 1979; Saunders et al, 1979
Okanova and Dooling, 1937: Hashino
ot af., 1988; Hashino and Okanova
1939}
cockatie] Nymphicus hotlandicus Okanoya and Doaling, 1987)
orange-fronted conure LA ratinga coanfcnforis ' Wright et of,, 2003)
Strigiformes barn owl Tvin alba ¥ Kanishi, 1973; Dyson ef al., 1998)
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Appendix D: Fundamentals of Highway Traffic Noise
{Provided by Calirans)

Fundamentals of Traffic Noise

The following is a brief discugsion of fundamental waffic-noise concepts. For a detailed discussion, please
refer to the Techmical Noise Supplement (Caltrans 2013) available on the Caltrans Web site
(http:/fwww.dot.ca.gov/hg/env/noise). 2

Sound, Noise, and Acoustics

Seund is a disturbance that is created by a moving or vibrating source in a gaseous or liquid medinm or the
elastic stage of a solid and that is capable of being defected by the hearing organs. Scund can be deseribed
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. Moise is defined as loud,
unpleasant, unexpected, or undesired sound.

Sound is actvally a process that consists of three components: the sound source, the sound path, and the
sound receiver. All three components must be present for sound to exist. Without a source to produce sound
ot 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. [n most
situations, there are many different sound sources, paths, and receivers, not only one of each. Acousfics is
the field of science that deals with the production, propagation, reception, effects, and control of sound.

Frequency and Herlz

A continwaous sound can be described by its frequency (pitch} and its amplifude (loudness). Frequency
relates to the number of pressure ascillations per second. Low-frequency sounds are low in piteh, like the
low notes on a piano, whereas high-frequency sounds arc high in pitch, like the high noles on a piano.
Frequency is expressed in terms of oscillations, or cycles, per second. Cycles per second are commonly
referred 1o 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 Heriz. The
extreme range of frequencies that can be heard by the healthiest hnman ears spans frem 16-20 Hz on the
low end to about 20,000 Hz {20 kHz) on the high end.

Sound-Pressure Levels and Decibels

The ompglifude of a sound determines its loudness. Loudness of sound incteases and decreases wilth
increasing and decreasing amplitude. Sound-pressure amplitude is measured in units of micro-Newtons per
square meter (N/m?) , also called micro-Fascals {(pPa). Cne pPa is approximately one-hundred billionth
(0,00000000001) of normal atmospheric pressure. The pressure of a very koud sound may be 200 million
®Pa, or 10 million times the pressure of the weakest audible sound (20 pPa). Because expressing sound
levels in terms of (DPa 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 bels, named
after Alexander Graham Bell. To provide fiuer resolution, a bel is divided into 10 decibels (dB).
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Addition of Dacibels

Because decibels are logarithmic units, SPL. cannot be added or subtracted by ordinary arithmetic means.
For example, if | sutomobile produces an SPL of 70 dB when it passes an observer, 2 cars passing
simultancously would not produce 140 dB; rather, they would combine io produce 73 dB. When two sounds
of equal SPL are combined, they produce a combined SPL 3 dD greater than the original individual SPL.
In other words, sound energy must be doubled to produce a 3-dB increase. [f two sound levels differ by 10
dB or more, the combined SPL is equal to the higher SPL; the lower spund level would not increase the
higher sound level,

A-Waightad Decibels

SPL alone 13 not a reliable indicator of loudness. The frequency of a sound also has a substantial effect on
how humans respond. Alhough the intensiry {energy per unit arca) of the sound is a purely physical
quantity, the loudness nr buman response is determined by the chamcteristics of the human ear.

Human hearing is limited in the range of audible frequencies as well os in the way it perceives the SPL in
that range. In general, the healthy human ear is most sensitive to sounds from 1,000-5,000 Hz and perceives
a suund within that range as being more infense than a sound ol higher ur lower frequency wilh the same
magnitude, To approximate the {requency response of the human ear, a series of SPL adjustments is usually
applied to the sound measured by a sound level meter. The adjustments, referred to as a weighting metwork,
are requensy-dependent,

The A-scale weighting network appraximates the frequency response of the average young ear 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
netwarks have been devised to address high uoise levels or other special problems (eg., B-, C-, and D-
scales), but these scales arc rarcly used in conjun<tion with highwey-traffic noisc. Noisc levels for trafTic-
noise reports are typically reported in termis of A-weighted decibels (dBA). In environmental noise sludies,
A-weighted SPLs are commonly referred to as noise levels. Table B} shows typical A-weighted noise
levels.

Human Response to Changes in Noise Levels

Under controfled conditions in an acoustics laboratory, the trained, healthy human ear is able o discern
1-dB changes in sound levels when exposed to steady, single-frequency (“pure-tone™) signals in the mid-
frequency range. QOutside such controlled conditions, the trained ear can detect 2-dB changes in nornmal
environmental noise. However, it is widely accepted that the average healthy ear can barely perceive 3-dB
noise level chanpes A 5-dB change is readily pereeptible, and a 10-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 (c.g.. doubling the volume of traffic on a highway) would result in 8 barely
perceptible change in sound level.
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Table D1. Typical Meise Levels

Comman Guidaor Activities Elull;i:) Level Common Indoor Activities

— 11— Rock band concert
Jet flyover at 300 meters (1,000 feet)

— 10y —
Gas lawn mower at 1 meter (3 feet)

— 90—
Diesel ruck at 15 meters {50 feet) at 80 Food blender at | meter {3 feed)
kilometers per hour {30 niles per hour)

— 80— Garbage disposal at 1 meter (3 feel)
Noisy urbar area, daytimne
Gas lawn mower, 3} meters (100 feet) — ) — Vacuum cleaner at 3 meters {10 foet)
Commiercial area Nermal speech at 1 meter (3 fect)
Heavy traific at 50 meters (300 feet) — 60—

Largc business office

Quiet urban daylime — 80— Dishwasher next room
Quiet urban nighttime L | Thenter, large vanference room (background)
Quiat suburban nighttime

— 30— Library
Quiel rural nighttime Bedroom at night

—m—

Broadcasvreconding studio
10

Lowest threshald of human hearing, — 04— Lowest threshold of human hearing

Source; Caltrans 2013,

Noise Descriptors

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 fluctuaic rapidly, but
others slowly. Some noise levels vary widely, but others are relatively constant. Various noise descriptors
have been developed to describe lime-varying noise levels. The following are the noise descriptors most
commonly used in traffic-noise analysis.

Equivalent Sound Level (Ln): L., represents an average of the sound energy occurring over a
specified period. In effect, L.g is the steady-state sound level that in a stated period would
contain the same acoustical energy as the time-varying sound that actually ocours during the
same period, The 1-hour A-weighied equivalent sound level {i.cq[h]), is the energy average of
the A-weighted sound levels occurring during a 1-hour period and is the basis for
noise-abatement criteria (NAC) used by Caltrans and the FHWA,

Percentile-Exceeded Sound Level (Leo: L. represents the sound level exceeded for a given

percentage of a specified period {c.g., L1s is the sound level exceeded 10% of the time, Lo is
the sound level exceeded 90% of the time).
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i Maxinwm Sound Level (Lyu): Luas is the highest instantaneous sound level measured during a
specificd period.

v Day-Night Level (Lyy): Ly, 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 occuming between
10 p.m. and 7 a.m.

v Conununity Noise Equivalent Level (CNEL): CNEL is the energy average of the A-weighted
sound levels ocourring during a 24-hour period with 10 dB added to the A-weighted sound
levels ocvurring between 10 p.m. and 7 a.m. and 5 dB added to the A-weighted sound levels
accurting between 7 p.m. and 16 p.m.

Sound Propagation

When sound propagates over a distance, it changes in level and frequency content. The manner in which
noisc reduces with distance depends on the following fagtors,

Geometric spreading: Scund from a small, localized souree (ie., a point source} radiates
uniformly cutward as it travcls away from the source in & sphorical paticrn. The sound level
attenuates {or drops off} 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 2 line (i.e., a line
source) rather than a point. This line source results in cylindrical spreading rather than Lhe
spherical spreading that resulls from a point source, The change in sound level from a line
source is 3 dBA per doubling of distance.

Growund absorpticn:. The noise path hetween the highway and the observer is usually very close
to the ground. Noise atlenuation from ground absarption and reflective-wave canceling adds to
the attenuation associated with geometric spreading. Traditionally, the excess atienuation has
also been expressed in terms of attenuation per doubling of distance. This approximation is
done for simplification only because prediction results based on this schemc are sufficiently
accurate for distances of less than 60 meters (200 feet). Fot acoustically hard sites {i.e., those
sites with a reflective surface, such as a parking lot or a smoath body of water, between the
source and the receiver), no excess ground attenuation is assumed. For ncoustically absorptive
or soft sites [i.e., thase sites with an ahsorptive ground suarface, such as soflt din, grass, or
scattered bushes and trees, between the source and the receiver), an excess prownd-aticnuation
value of 1.5 dBA per deubling of distance is normally assumed. When added to the geomeiric
spreading, the excess ground attenuation results in an overall drop-off rate of 4.5 dBA per
doubling of distance for a line source and 7.5 dBA per doubling of distance for a point source.

Atmospheric effects: Rescarch by Caltrans and others has shown that atmospheric conditions
can have a significant effeet on noise levels within 80 meters (200 feet) of a highway, Wind
has been shown to be the most important meteorological factor within approximately 150
ineters {500 feet) 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 can also oceur &8s a result of temperature mversion conditions (..,
increasing temperature with elevation).
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Shielding by natural or Auman-made fecrures: 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 ohject and the frequency
conient nf the noise source, WNatural terrain features (¢.¢., hills and dense woods) and human-
made features {¢.g., buildings and walls) can substantially reduce noise levels, Walls arc cflen
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. Fedearal and State Regulations, Standards, and Policles

Federal and state regulations, standards, and policies relating to trafTic neise are discussed in defail in the
Protocol. A transportation praject affected by the Protacol is referred to as type 1 project, which is defined
in 23 CFR 772 as a proposed federal or federal-aid highway praject for construction of a highway on a new
location or the physical alteration of an existing highway that significantly changes the horizontal or verlical
alignment or increases the nnmber of through traffic lanes. The FHWA has clarified its interpretation of
type 1 projecis by stating that a type | project is any project that has the poiential to incrcase 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 1 project. Callrans extends this definition to include state-funded highway projects. The project
alternatives evaluated in this repor are considered (o be a Type 1 project because they involve federal
[unding and adding lanes {o the existing mainline highway.

Applicable federal and state regulations, standards, and policies are discussed below.

National Environmental Policy Act

NEPA is a federal law that establishes environmental policy for the nation, provides an interdisciplinary
tramework for federal agencics to provent environmental damage, and conlains 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 parlial mitigation is available. The FHWA regulations discussed below constilute the
federal noise standard. Projects complying with this standard are also in compliance with the requirements
stemming from NEPA.

Faderal Highway Administration Regulations

23 CFR 772 provides procedures for conducting highway-project noise studies and implementing
noisc-abatement measures to help protect the public health and welfare, supply NAC, and esiablish
requirements for information to be given to local officials for use in planning and designing highways.
Under this regulation, noise abatement must be considered for a type | project if the project is predicied 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 ov exceed NAC specified in the
regulation. 23 CFR 771 does not specifically define what constitutes a substantial increase or the term
approach; rather, il leaves interpretation of these terms to the states.

Noise-abalement measures that are reasonable and feasible and likely 1o 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 decument for the project. Table D2 summarizes the FHWA’s NAC,
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Table D2. Activity Categories and Noise Abatement Criteria
Activigy Activity
Catorory  Leg[h]' Evalnation Location Description of Activities

A 57 Exterior Lands an which serenity and quiet arg of extraordinary
significance and serve an imporiant public need and when
preservalion of those qualitics is essential if the arca is to
continue Lo serve its intended purpose.

B? a7 Exterior Residential.

? 67 Exterior Active sport areas, amphitheaters, auditoriums, campgrou
cemeteries, day care centers, hospitals, libraries, medical
facilities, parks, picnic areas, places of worship, playgrour
public meeting rooms, public or nonprofit institutional
structures, radio studios, recarding studios, recreation area
Section 4{[} sites, schoals, lelevision studios, trails, and irz
crossings.

D 52 Interior Auditoriums, day care centers, hospitals, libraries, medica
facilities, places of worship, public meeting rooms, public
nonprefit institutional structures, radio studios, recording
studios, schools, and television studios.

E 72 Exteror Hotels, motels, offices, restaurants/bars, and other develor
lands, propcrtics, or activities not included in A-D or T,

F Agriculture, airporis, bus yards, emergency services,
indusitial, logging, maintenancge facilities, imanu facturing,
mining, reil yards, retail facilities, shipyards, utilities (war
resources, waler treatment, electrical), and warehousing,.

G Undeveloped lands that are not permirned.

! The Legh) activity eriteria values are for impact determination only and are not design séandards for noise
abatement measures. All values are A-weighted decibelz (dBA).

2 Includes undeveloped lands permitted for this activiry category.

Primary consideration is given to exterior areas. In situations where no exterior activities are affected by
tralTic noise the interior crilerion {activity category E) 18 used as the basis for noise abatement consideration.

California Environmental Quality Act

CEQA is the foundation of environmental law and policy in California. Thc main objectives of CEQA are
to disclose to decision-makers and the public the significant environmental eflects of proposed activities
and lo identify ways to avoid or reduce those effects by requiring implementation of feasible alternatives
or mitigation measures. Under CEQA, a substantial noise increase may result in a significant adverse
environmenial effect; if 50, the noise increase musi be mitigated or identified as a noise impact for which it
is likely that only partial {or no) mitigation mcasures arc available. Specific economic, sacial,
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
Raconstruction Projects

The Protocol specifies the policies, procedures, and practices to be used by agencies that sponsor new
construction or reconstruction projects. NAC specified in the Protocol are the same as those specified (n 23
CFR 772. This repor defincs a noisc incrcase as substantial when the predicted noise levels with project
implementation exceed existing noisc levels by 12 dBA -Leg {h). The Protocel] also states that a sound level
is considered to approach an NAC level when the sound level is within 1 dD of the NAC identified in 23
CFR 772. For example, a sound level of 66 dBA is considered 10 approach the NAC of 67 dBA, but 65
dBA is not.
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Appendix E: Review of Pre-2007 Literature on Effects of Traffic Noise on Birds
From {Dwooling and Popper, 2007}

The hterature 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 efiects on bird
physiology and/or hehavior. One particular concern is that whereas there 1s indirect evidence that
traffic noise may affect birds {e.g., Reijnen and Foppen, 1994; 1995; Reijnen ef af., 1995; Forman
et al., 2002), there are also correlated variables that could have impact such as visual stimuli, air
pellution produced by autos and trucks (2.g., Llacuna er af., 1996; Clench-Aas ef ol., 2000), and
changes in the physical environment around the roadways (e.g., Ferris, 1979). Differentiating
amaong these and other variables is often difficult or impossible. While there is statistical evidence
{dcbated by some, see below) to suggest that noise may affect birds in some way (e.g., Reijnen
and Foppen, 1994; 1995; Reijnen e/ ai., 1995), therc have yet to be definitive experiments that
clcarly isolate noise as an exclusive source of disturbance. Even when noise is implicated as a
contributing factor, there are still are many variables which are 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 — (Forman er af., 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;
Kuitunen e al, 1998; Feméndez-juricic, 2001; Stabbckoom and Ripmecsice, 2008; Slabbckoorn
et al, 2012).

The overall literature has been critically revicwed several times in recent years (c.g.,
Sarigul-Klijn &/ al., 1997; Kasetoo, 2003; Warren ef al., 2006; van der Ree ef al., 2011; Ortega,
2012). These reviews suggest that a good portion of the literature is not relevant 1o the issucs at
hand since the literature often does not take into consideration all appropriatc variables (e.g.,
variables other than sound) or that the publications have problems with data analysis and/or
interpretation.

In one analyses, Warren ef al. (2006) cvaluated data suggesting that noise could affect bird
behavior. Howcver, the authors pointed out that while the data could be interpreted as indicating
that noisc may affect birds, none of the carlicr work can clearly be used to reach any firm
conclusions about any one species, or all specics. Indeed, Warten 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 difficulr {(and expensive) to design and
exeeuts, and all other variables must be taken into consideration in design of these experiments.

The four major sets of studies considered by Warren e @l (2006) are helpful to
undetstanding the issues, In one series of papers, Reijnen and colleagues (Foppen and Reijnen,
1994; Reijnen and Foppen, 1994; 1995; Reijnen et al, 1995) reviewed iu {Reijnen et al., 1998)
cxamined the cffects of motorway traffic on breeding bird populations in the Netherlands. The
imvestigators 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
Reijnen and colleagues showed that when traffic noise level was constant, there was no discernable
cffect 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 reduccd bird densities extended outward much further. This
diffcrential effect distance approach suggests that if it is appropriatcly intcgrated into the
cxperimental designs of future studics, it could provide more tractable mcans for isolating the
cffects of the confounding vanables and better extracting focused informatinn on noise-specific

impacts.

While the data from Rcijnen et al. are interesting and possibly instructive, the work has
been scverely criticized for poor statistical analysis and poor controls, and for lack of analysis of
individual bird specics (Sarigul-Klijn ef al., 1997) which concluded that the number of birds
studied was too low for reliable statistical measures and that levels of significance used varied
between study ycars. Sarigul-Klijn ef af. (1997) also concluded that Reijnen et al., in reaching their
conclusions, also did not consider canstruction as another potential point of impact oo birds,

Most importantly, the Transporiation 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 determine whether there are species-specific effects. The
imporiance of the specics variahility in response to noise {and other factors) has been emphasized
in several othcr studics 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 «/., 1980; Kuitunen ef af., 1998,
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
procedurcs for analysis of the elfects of sounds on spotted owls and marbled murrelets.

In another study, 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 2 marked decrease in bird
populations in noisicr arcas, despite the specific land use. However, Warren et al., (2006) criticized
the Stane {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 determine if other habitat issues, such as whether there were also
differences ground surface, vegelative type, or other variables that could have altered a bird’s
behavior.

A more convincing case that traflic noise may affect birds is a study by Forman et al.
(Forman ef al., 2002) which looked at the presence of five species of grassland bird populations at
different distances from roadways in and around Boston. The authors argue that there is an efifect
on density of species studied by roadway noise, but that the extent of the effect, in terms of
decreased populations at different distances, varied depending upon the level of iraflic on the road.
They found that when traffic was less than 8,000 vehicles/day there was no eifect on grassland
bitd 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 30,0{Q0
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 pollulants, and lack of prey near the roadways may help explain the decline in bird
populations. Clearly, direct experimental eviderice of ¢ffects of increased chronic noise of different
levels and sound spectra (Lee and Fleming, 1996) is nccded to confirm this hypothesis (also see
Warren ef al., 2008).

Stil}, it is important to recognize that the results from Fonnan er al. (2002) may not he
applicable to all species, or in all situations. For example, Peris aud Pescador (2004) examined the
effects of low, medium, and high traffic 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 densily in terms of actual number of vehicles/day, the different results are instructive. In
contrast Lo Forman el al. (Forman et of., 2002), Peris and Pescador (2004) provided sound level
measures at distances of 50-100 m from the readways. They reported that the high iraffic volume
area had sound levels of 6945 dB, medium density 4613 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 cach 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), vock spamow (Petronia petronia), and
house sparrow {Passer domesticus) had a higher breeding density in the high traffic (noisicr)
environment than they did in the low traflic volume areas. In contrast, breeding density was higher
for wheatear (Qenanthe sp.) in low and moderate traffic areas (quietcr) than in high traffic areas.
The authors concluded that 55% of the species did not show any difference in breeding density
between the three noise level siles, whereas other birds did shaw 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 mare scnsitive heating showing
greater ayoidance 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 hirds: {1} behavioral and/or
physialogical effects; (2) damage to hearing from acoustic aver-cxpaosure; 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 F1 and Table F2). Some of this work is at high priotity whilc ather work is of
lower priarity depending on the criteria for making decisions. High priarity could be to go for
thase issues that can be tackled by efficiency of data collcction and the precision of the results
{(e.g., noise exposure studies in the laboratory), or, at by taking on the prablem that exiends the
furthest from the roadway (e.g.. field studies of stress and disturbance effects at distances far
heyond thase at which hearing damage and masking from teaffic noise might occur). Or highest
priority could bc assigned to some combination of studies which give the greatest potential value
tar moving us forward to better and more usctul inferim guidelines. Experiments that can quickly
improve the interim puidelines are given a higher priority than longer-term (and often mare
diffienlt) cxperiments that may not refine the interim guidelines efficiently. It should be noted that
whilc not always stated explicitly, all studies should be done on several species.

7} Stress and physiological cffects:’

a) Obtain a definitive answer to the question of whether traffic noise alone can cause stress,
physiological rcactions, and disturbances in social behavior in birds by using artificial
traffic noises broadcast in large areas while birds (preferably captive) are maonitored for
stress indices (low priotity).

b) Conduct studies comparatively to determine if stress effects are species specific (low
priority}.

¢) Conduct studics on birds of different ages and with different degrees of experience with
loud noises to determine if experience is a factor in stress-related impacts (low priority).

B) Acoustic over-exposure eftects:

a) Conduct 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).

¢) Examine effects of impulsive noise such as that produced by construction equipment and
pile driving on hearing loss in different bird species. Consider 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
conmbinations of continuous traffic noise and impulse noises since some mammalian data
suggest a synergistic effect (high priority).

%) Masking effects:
a} Extend what is khown about masking effectiveness of traffic noise on the vocalizations of
birds by conducting behavioral tests with a wider mange of individual and species

% 1t should be noted that precise definition of the guestions and issues of the effects of rafTic noise on birds shauld
b developed with the guidance of individuals who are expen on avian endoerinology and Lhe literature on this topic.
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b}

<)

d)

vocalizations, different types and levels of traflic noise, traffic noises filteved through
various habilals, and recorded at various dislances [rom the roadway (high priority)
Assemble current data or generate new dals on vocalizations of endangered species
including types. levels, preferred singing location prelerences, habitat characteristics,
territory size, effects of habilat characteristics on vocalizalion and noise transmission. This
will allow precise modeling of the masking effects of traffic noise acoustic communication
{(high priority).

Obtain ABR measures ol hearing (sudiogram) and mausking (critical ratios) in endangered
species to determine how well they conform to the emerging model of masking of
vocalizations by noise which, to dale, is based primarily on laboratory species of birds
{high priority}.

Develop a generalized quantitutive model [or estimating communication distance based on
masking data, habitat characteristics, territory size, the bird’s singing position preferences,
and different traffic noise profiles (high priority).

10) Dynamic behavioral effects®

a}
b)

c)

Evaluate population dynamic shifts (i.e., population range, predator prey relationships,
efc.) based on increases in ambient traffic noise and construction related activities.
Evaluate any secondary effects of implementing adaptations in order to avoid masking.
How does this interact with other life-cycle octivities such as mate atlraction, prey
identification, territory size, etc.

Understand behavioral indicators of harassment or stress such as [lushing from a nesi,
territorial behaviors, etc. associated with noise.

The recomnmendations are summarized in Tables F1 and F2. Table Fl presents the dala in

terms of examining the effects in terms of specific sound types.

Table F1: Research recommendations based on interim guidelines

Moise Source Type Hearing Damage Masking Behavioralf
Physiological
Expose mulliple species 1o Examine animals post
Single Impulse (2., impulsive noises {at different Not applicable cxposure for signs of

Blast)

levels/distances) and measure
hearing loss & recovery.

stress (e.g., droppinps,
etc.)

Multiple [mpulse (e.g.,
Jjackhammer, pile
driver)

Expose multiple species to
nsnltiple strikes {at different
leveis/distances intervals) and
measure  hearing  loss  and
recovery.

In multiple spacies, examine masking
by low level noises from muliiple
strikes to compare with resulls from
continupus noise masking{Lab study)

Examine animals post
exposure for signs ol
siress {e.g., droppings,
ete.)

Mon-5Strike Continuous
{e.g., construclion
noise)

Not applicable

In multiple species, examite masking
by low level neises from nwliple
strikes to compare with resnlts from
conlimuons noise masking(Lab study)

Examine animals post
exposure for sipns of
stress (e.g., droppings,
eic.)

‘I'raffic and
Canstruction MNoise

Mot applicable

[n multiple speeics, sxamine masking
by low level traffic and canstruction
noises (o compare with results frans
conlinuous noise masking(Lab study)

Examine animals post
exposure for signs of
stress {€.g., droppings,
ete.}

Alartns (97 dB/100 ft)

NA

NA

Future research

24 Get input from experls in behaviaral ecology on the types ol populalion elfzcts that might be expected.
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Table F2: Additions to basic science data to inferm decisions pn inferim guidelines and fuiure analyses

Topic

Method

Aundicgrams in Birds

Measure hearing thresholds in a variety of species using the ABR(lab &
field)

Masked Thresholds in Birds

Measure masked thresholds and eritical ratios in a wvariety of

{endangered) species using the ABR(lab & field)

Vocalization & Communication Distance

Review lileralure for description of vocalizations, territory size, and
communication range, young learming songs, female choice in breeding

Acaustic Communication Model

Develop a model that combings habital characteristics {e.g., sound
transmissian), vocalization characteristics (e.g., spectrum, infensity, etc.)
and masked thresholds to reline estimates of the effects of masking by
nokse on cominlnication.

Atlenuation/ A voidance:Minimization Mitigation
Methods

Ewvaluste ways which may inform decisions regarding equipment use,
altenuation methods, avoidance, minimization mitigation methods.
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Appendix 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, these levels
approximated 60 dBA (Barrett, 1996). According to Barrell, Rieger assumed that 1f birds were
successfully breeding, then this noise level is, by definition, not detrimental to the birds. Unaware
of this work. and completcly independently, Dooling also provided the Califomia Fish and
Wildlife Service with a noisc level of 60 dBA for tratfic noise that would begin to raise concemns
about potential masking of communication sounds between birds by tralfic 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 calculatcd whether noise levels from traflic cuse above ambient
noise levels enough to affect acoustic communication between two birds. In neither case was this
number intended to set a precedent or hecome a standard for noise-impact mitigation. The level of
60 dBA for traffic noise only applics, at hest, under a narrow range of specific conditions having
to with the sound-affecting aspects of the habitat, the specics life stylc and dependence on acoustic
communication, the level af ambient noise without any traffic noise, as well as whether the species’
predators use acoustic signals to locate their prey. The use of one number like 60 dBA provides
only a crude and probably conservative estimate. A precise answer would require Lhe information
just discussed as well as information about the Jevel and spectrum of the ambient noise, of the
traffic noise. and of the bird’s vocalizations.

Nevertheless, it appears that the 60 dRA criterion has been inappropriatcly uscd in many reports
over the past 25 years as a hard and fast rule regarding the cffcets of highway and other
anthropogenic noise on birds. The evidence today clearly shows that the application of Uns
criterion to construction noise is likely to be far too conservative and unnccessarily restrictive.
There are several reasons for this conclusion: (1) hirds do not hear as wcll as humans al low
frequencies which contain the bulk of energy in trattic noise; (2) bird vocalizatinns are at higher
frequencies than traffic noise; (3) the use of the A scale on the sound level meter which mirrors
huwman hearing, as opposed ta bird hearing, overestimates the effects of traffic noisc on bird hearing
because traffic and construction noises are predominantly low frequency; and (4) birds, like
humans, can and do emplay a number of short term behavioral sirategies for hearing in neise such
as turning their heads, changing height or location, raising their voice, and timing their
communication to coincide with periods of low noise.
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