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• Abstract: Nutrient-poor serpentinitic soils in tbe San Francisco Bay Area sustain a native grassland tbat sUfr 
ports many rare species, induding tbe Bay cbeckerspot butterfly (Euphydryas editha bayensis). Nitrogen (N) 
deposition from airpollution threatens biodiversity in tbese grasslands because N is tbe primary limiting nu
trient for plant growtb on serpentinitlc soils. I investigated tbe role OfN deposition tbrougb surveys ofbutter
fly and plantpopulations across different grazing regimes, by literature review, and witb estimates ofN defr 
osition in tbe region. Several populations ofthe butterfly in soutb SanJose crasbedfollowing tbe cessation of ~ 

cattle grazing. Nearby populations under continued grazing did not suffer similar dedines. The immediate 
cause oftbepopulation crasbes was rapid invasion by introduced annual grasses tbat crowded out tbe larval 
bostplants oftbe butterfly. Ungrazed serpentinitlc grasslands on tbe San Francisco Peninsula bave largely re
sisted grass invasions for nearly four decades. Several lines of eviaence indicate tbat dry N deposition from 
smog is responsible for tbeobserved grass invasion. Fertilization experiments bave shown that soil N limits 
~ass invasion in serpentinitic soils. Estimated N deposition rates in soutb San]ose grasslands are 10-15~/ 
~ba/year;Peninsula sites bave lower deposition, 4-6~g/Jj}ba/year. Grazing cattle select grasses overforos, 
and grazing leads to a net export ofN as cattle are removed for slaugbter. Altbougb poorly managed cattle 
grazing can significantly disrupt native ecosystems, In tbis case moderate, weU-managed grazing is essential 
for maintaining native biodiversity in tbeface ofinvasive species and exogenous inputs ofNfrom nearby ur
ban areas. 

Carros, Vacas y Mariposas: Deposici6n de Nitrpgeno y Manejo de Pastisales Pobres en Nitr6geno para una Especie 
Amenazada 

Resumen: Suelos serpentin{ttcospobres en nutrientes en el area la Babla de San Francisco sostienen pasttza
les diversos que soportan mucbas especies raras, inclyendo a la mariposa cbeckerspot (Euphydryas editha 
bayensis). La deposici6n de Nitr6geno (N) por contaminaci6n del aire amenaza la biodiversidad en est~ 
pasttzales debido a que N es el principal nutrlente limitante para el crecimiento de plantas en melos ser· 
pentin{ttcos. Investigld el papel de la deposici6n de N mediante muestreos de mariposas y poblaciones de 
plantas a 10 largo de diferentes reglmenes de pastoreo, revisiones de literatura y con estimacJones de de
pasici6n de N en regi6n. Varias poblactones de la mariposa en el sur de San ]osi se prectpitaron desplds de 
cesar el pastoreo porganado. Poblaciones cercanas bajo continuo pastoreo no sufrleron dtsminucJones simi

. lares. La causa de las disminuciones poblacionales fue la r4Pida invasi6n de pastas anuales introductdas • 
que saturaron a las plantas bospetJero de las larvas de la mariposa. Los pastizales serpentlnlticos sin ra~ 

nco de la peninsula de San Francisco ban resistido las invasiones de1?astospor casi cuatro dicadas. Dtversas 
llneas de evidencfas Indican que la deposici6n de N seco del smog es responsable de la Invasl6n de pastas ob
servada. Experimentos defertilizaci6n ban demostrado que el N del suelo limita la invasi6n de pastos en sue
los serpentinitlcos. Las tasas de deposicl6n de N enpastizales del surdeSan]osiso~ de 1()'15~g ba-1ano-1J 
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2 Nitrogen Deposition and Checkerspot Butletj/ies Weiss 

los sit/os de la peninsula tienen deposlclones mas bajas (4-6 kg ba-I ano-I). Elganado selecciona pastos)' el 
ramoneo conduce a una exportacl6n neta de N pues el ganado es removldo al ser sacriflcado. SI" embargo. 
elpastoreo pobremente manejado puede desequilibrar slgniflcativamente a ecoslstemas nativos. En este caso 
el buen manejo del pastoreo es elementalpara mantener la blodlversldad nativa de cara a Invaslones de es
pecles y entradas ex6genas de N provenlente de areas urbanas cercanas. 

Introduction 

Humans have greatly increased the flux ~f reactive nitro
gen (N) in the biosphere, which is noW:. recognized as a 
major component of global change CVitousek et al. 
1997). Extensive areas downwind df air pollution 
sources receive substantial inputs of N fiom wet and dry 
deposition. Many terrestrial ecosystems are presently N
limited and respond strongly to incremental additions of 
N, exhibiting changes in productivity, species composi
tion, and nutrient retention. At global scales, N deposi
tion may be responsible for a substantial part of the 
"missing carbon sink" (Townsend et al. 1996; Holland et 
al. 1997). At regional scales, N deposition has been im
plicated in a large number of ecosystem changes, indud
ing forest decline in Central Europe (Schulze 1989), . 
grass invasions of heathlands in northwestern Europe 
(Aens & Berendse 1988), and changes in grassland com
position in the midwestern United States (Tilman 1988). 
Nutrient-poor ecosystems are particularly vulnerable to 
N deposition (Aens & Berendse 1988; Bobbink &.~ 

1995; Power et al. 1995). 
At regional and local scales, N deposition on nature re

serves may change vegetation, threaten the persistence 
of target species and communities, and greatly compli
cate reserve management. Nitrogen deposition presents 
a major conservation challenge because the source of 
the problem is outside the boundaries of reserves and 

,. 

ean be controlled only at the source by expensive, long
tenn measures. Deposition is especially high near urban 
areas, where combustion sources (Primafny cars, trucks, 
and industrial and home heating) pr09uce substantial 
concentrations of nitrogen oxides (NOp. Setting aside 
reserves on the fringe of urban areas i~ often difficult, 
contentious, and expensive, and loss ot diversity in re-

I'
serves because of exogenous factors such as N deposi
tion needs careful consideration. 

Native grasslands are among the most imperiled eco-' 
systems in the temperate zones (Joern & Keeler 1995; 
Samson & Knopf 1996; Muller et ale 1998). Conversion 
to agriculture and' urbanization has left only small rem
nants of many formerly extensive grassland ecosystems. 
Remnants are threatened by further development, isola- . 
t!t)n, i.,v?sio~ ':oy l!'!.-nc:!ucer!Cp,:!:!ef. ?~':'}~':~"~~i~?.!~· t-y 
N deposition. Grasslands can be sensitive to added N 
(Huenneke et al. 1990; Wedin & Tilman 1997). Nitrogen 
fenilization of grasslands generally resul~ss of plant 
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spedes diversity when a few N-loving spedes become 
dominant (Silvenon 1980; Tilman 1987; Huenneke et al. ~ 
1990). Losses of plant diversity can lead to losses of ani
mal diversity, especially of host-restricted herbivores. 

Many grassland remnants need intensive management 
from grazing, fire, and mowing. Grazing is a traditional 
land use in many regions, and poorly managed overgraz
ing has been responsible for massive disruption of eco
systems worldwide. Yet properly managed moderate 
grazing can be a useful management tool in specific in
stances, especially for spedes that require short, open 
grassland (Aens & Berendse 1988; ten Harkel & van del' • 
Muelan 1995). For example, some of the most imperiled 
butterfly spedes in England require sheep or rabbit graz
ing to maintain suitably shon grass swards (Oates 1995). 
Both fire and grazing have been used in management of 
prairie fragments in the midwestern United States (Sam
son & Knopf 1996) and have differential effects on but
terflies (Swengel 1998). Management of N deposition in 
grasslands requires the removal of N-containing biomass 
from a site by fire, mowing, or grazing (Hobbs et al. 
1991). Mowing for hay removal in Europe is a common 
management practice in "unimproved" grasslands set 
aside for conservation (Dolek & Meyer 1997). fill. 

I documented near extinctions of the threatened Bay
 
checkerspot bunerfly (Eupbydryas editba bayensis) in
 
grasslands following the removal ofgrazing. The proximal
 
cause was the rapid invasion of nutrient-poor serpenti

nitic grasslands by introduced grasses. Several lines of evi

dence indicate that N deposition by air pollution-prima

rily from cars and trucks-is an ultimate cause of the grass
 
invasion. The negative consequences of improper grazing
 
management in these sites are great, and the story pro

vides a striking example of the complexities of ma.naging
 
reserves adjacent to urban areas and of the interdiscipli

nary nature of effective conservation biology.
 .'Methods. 
Study Organism and System 

The Bay checkerspot bunerfly is restricted to outcrops of 
...c:~........'; .....,.p ~,." : .... ,.hp ~ ... ~ 'C"'"!"' .... ,..: ,.._ D..,•.,· , ~ ,...~,~-r .
 
• • ...,... -.•• +.' :. --~ _._--_.• -~ "--- ~--:-- _._-_ _. --J •.~._, --~_. 

Ilia. serpentinite weathers to a thin, rocky, nutrient-poor
 
soil with low N, high magnesium, low caldum, local
 
patches of heavy metals, and other unfavorable character

I 
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istics. Introduced annual grasses from the Mediterranean 
region have invaded the majority of California grasslands 
on richer soils (HuennEie 1989). Serpentinitic soils pro
vide refugia for a diverse native grassland with more than 
100 species of forbs and grasses (Murphy & Ehrlich 
1989), including dense stands of the host plants (Plan
tago erecta. Castilleja densijlorus, and Castilleja ex
certa) and nectar sources (Lasthenia calijornica, Layta 
platyglossa, Allium serratum, Muilla maritima, and 
Lomatium spp.) of the Bay checkerspot butterfly. Several 
serpentinite-endemic plants are listed as endangered or 
threatened (U.S. Fish and Wildlife service 1998). Numer
ous patches of these grasslands have been destroyed by 
urban development (Murphy & Weiss 1988a), and their 
protection is a major conservation priority in the San 
Francisco region (U.S. Fish and Wildlife Service 1998). 

• 
The Bay checkerspot butterfly is listed as threatened 

under the U.S. Endangered Spedes Act and serves as an 
"umbrella spedes" for the serpentinitic grassland ecosys

o Butterfly Population 

• Pollution Monitoring 
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Nitrogen Deposition aTUi Cbeckcrspot Butterflies 

tern (Murphy & Weiss 1988a; Launer & Murphy 1992). As Ti§Jl 
of 1998, there was one extant population on the San Fran
dsco Peninsula, at Edgewood County Park (EW; Fig. 1). 
Many fonner Peninsula populations are extinct because 
of urban development, and the small population at Jasper 
Ridge Biological Preserve QR) appeared to be extinct as 
of 1998 (S.B.W., unpublished data). The majority of the 
habitat surrounds the Coyote Valley in south SanJose and 
supports a reservoir-satellite metapopulation of the but
terfly (Harrison et al. 1988). The major sites I considered 
were the Silver Creek Hills (SC), Kirby Canyon (KC),.and 
adjacent areas of Coyote Ridge (CR) (Fig. 1). .,. 

I estimated densities of postdiapause larvae with the 
stratified sampling design described by Murphy and 
Weiss (1988b). During the study period (1991-1998), 
several areas in the Silver Creek Hills were surveyed, 
along with sites south along Coyote Ridge (CR) and at 
Kirby Canyon (KC). For conservation planning pur
poses, the Silver Creek Hills were divided intO subareas 

Figure 1. Map ofregional air 
pollution monitoring stations 
and populations ofthe Bay 
checkerspot butterfly in the San 
Francisco Bay area. Only tbose 
airpollution stations and but
terfly populations used in tbls 
study are identified. Site abbre
viations are asfollows: KC, 
Kirby Canyon; CR, Coyote 
Ridge, numbers 1-3, distinct 
sites along the ridgetop; Crlow, 
Iow-elevation site; Sc, Silver 
Creek Hills, numbers 1-3 are 
separate properties witbin the 
Silver Creek Hills;]R,]asper 
Ridge Biological Preserve; ElY, 
Edgewood County Park. Pollu
tion stations are SF, San Fran
c!sc": RC, P.ec!~90odCt!;'; MY, 
Mountain View; Sf, San]ose; 
SM, San Martin; GR, Gilroy; 
and DY, Davenport. 
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I: 

(SCI, SC2, and SC3) corresponding to property bound- To measure relative deposition among ,sites, ion ex
aries. Coyote Ridge was subdivided into four areas (CRl: change resin bags were strung between poles 2 m off the 
CR2, CR3, and CRJow). ground at JR, SC, and KC. Resin bag construction and I)
 

'I
 

Data on the composition of plant corrimunities across analysis followed standard methods (Reynolds et aI. 
different grazing treatments at KC, CR, kd SC were col 1997). Twenty bags were hung at each site on 1 October 
lected in 1996. The treatments were (1) continuously 1997. The poles at Jasper Ridge fell during an intense 
grazed in winter and spring (CRI and crU); (2) continu windstorm on 18 November and were discovered on the 
ously grazed in summer and fall (CR3~; (3) ungrazed ground on 24 November. All JR bags were collected then, 
since 1990 (SCI); and (4) ungrazed sinCe 1985 (fenced and 10 bags each from SC and KC were collected the fol
areas adJ'acent to KC). Transects consisted of five 0.25- lowing day. The JR bags were on the ground for the final 

I' 

m2 quadrats spaced 5 m apart and were ~ampled for per- 6 out of 54 total days (slightly changing the deposition en
cent cover of all vascular plant species. ~omparisons of vironment), but the bags were still exposed to reactive N 
vegetation composition across grazing regimes was lim in the air and rainfall. Because those last 6 days also had 
ited to undisturbed upland transects thai comprised the low pollution levels because of windy, rainy weather, the 
primary habitat for the butterfly. From 1995 through position of the bags should have made only a minimal dif

I' 

1998, I sampled three such transects at s~te SCI to moni- ference in the total nitrate collected over the 8 weeks. Oc
tor the effects of reintrOduced cattle grazing. tober-November is the regional smog season, so relative 

A literature review on the effects of N and other nutri deposition among sites during that period is a good indi
ent additions to serpentinitic soils provi~ed data on the cator of relative rates over the entire year. 
response of native and introduced spede~ to fertilization 
(Turitzen 1982; Koide et aI. 1988; Huenneke et aI. 1990; 
Hull & Mooney 1990). Results •Nitrogen deposition estimates were t.iken from Blan
chard et aI. (996). I modified surface composition and

I Population Declines of Butterflies
pollutant loads to more closely estimate deposition on 
serpentinitic grassland in south San Jos~. Air pollution ' Population estimates in the Silver Creek Hills (SC) showed 

I!
data were taken from public documents (California Air a pattern of initial growth followed by rapid declines to 
Resources Board 1990-19%). " extinction (Fig. 2). The number of postdiapause larvae 
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rose substantially from 1991 to 1993. From 1993 to 1994, showed the differences in plant composition between 
the numbers in the northern section (SC2) fell by a factor grazed and ungrazed serpentinitic grasslands in south 
of 10. Numbers in the southern section (SCI) fell by 30%. San Jose (Fig. 3). Both winter-spring and summer-fall 
Larval :numbers fell 14,000 in 1993 to 9000 in 1994 in a grazing regimes had significantly higher densities of 
smaller property (SC3) to the north (not shown on Plantago and significantly lower densities of introduced 
graphs). From 1994 to 1995, larval numbers in SCI fell by grasses than sites where grazing was removed in 1985 
a factor of 20. No larvae have been found at SCI and SC2 and 1990. The amount of grass cover followed the gradi
since 1995. Demographic units at KC and CR did not ent in grazing intensity and time since grazing removal. 
crash over the 1994-1996 time period (Fig. 2). Grass cover increased and Plantago cover decreased 

The cause of population declines was obvious during along the gradient from winter-spring grazing (CRI and 
field surveys (S.B.W. & A. E. Launer, personal observa CR2), to summer-fall grazing (CR3), to grazing removal 
tions). Dense stands of Plantago erecta and other native in 1990 (SCI), and finally to removal in 1985 (adjacent 
forbs were widespread across SCI and SC2 prior to 1994. to KC). Of the introduced grasses that invade serpenti
By 1995 the grassland was overrun by introduced annual nitic grassland, Lollum multiJlorum was most common 
grasses (Loltum multljlorum, Avena jatua, and Bromus and was responsible for differences among sites (Fig. 4). 
bordaceous) that dominate nearby grasslands on richer At Kirby Canyon in 1985 and 1986, forb-dominated 
soils. Plantago was found only on thin soils around rock plots within a grazing exclosure that received no fertili
outcrops and in some areas ofgopher disturbance. zation rapidly responded to the removal of grazing 

• 
The invasion of grasses followed the removal of graz (Koide et al. 1988). Following two growing seasons 

ing from sites SCI and SC2. All three properties in the without grazing, grass numbers and biomass greatly in
Silver Creek Hills had been grazed for decades. Grazing creased: by the spring of 1986 Avena appeared in forb 
was stopped in SCI in 1989 and in SC2 in 1992, whereas plots, Bromus numbers and biomass tripled, and LOo 
SC3 has been grazed continuously. Although I did not lium increased in biomass by two orders of magnitude. 
quantitatively sample larval densities in SC3 after 1994 Plantago maintained high numbers and biomass over 
(because of limited access to private property), the the 2 years. By 1987 the exclosure was dominated by 
grasslands in those areas maintained the forb-rich com dense stands of Lollum. Plantago and other small forbs 
munity typical of serpentinitic grasslands, and a detect were restricted to shallow soils around rocks. Similar 
able population of larvae persisted in SC3 through 1997 plots outside the exdosure retained high forb biomass 
(R. R. White, personal communication). No larvae were and low annual grass biomass (Huenneke et aI. 1990, S.
 
found in either SCI or SC2, and only three adults were B. W., personal observation)
 
observed in SCI in 1997. No larvae Or adults were ob Not all serpentinitic grasslands have been invaded in
 
served at SCI, SC2, andSC3 1998. the absence of grazing. Serpentinitic grasslands at}R on
 

the San Frandsco Peninsula have not been grazed since 
1960, have maintained high forb diversity and densityQuantitative Vegetation Data 
(especially Plantago erecta), and have not been heavily 

Qualitative field observations were confirmed by quanti invaded by Bromus, Lollum, or Avena @obbs & Moono/ Ige>[
tative vegetation data. Vegetation plots from 1996 1995). Lollum remained a rare occurrence there until . 

70 
• Winter-Sprtng 

60 ~ Summer-Fall 

L;] Ungrazed 1990 

•
 
D Ungruad 19B5
 

Figure 3. Percent cover o/Plantago and an· 
nual grasses in 1996 at Winter-spring 
grazed, summer{aU grazed, and ungrazed

n.S.	 I . 
sites (stopped in 1985 near Kirby Canyon, 

ri; n.S. and 1990 in SCT>. C..razinp was reint~ ~ 

.~L:. • irft duced at SCI in 1995rp'<0.001, ·t1J~t.·,
iii 

Planrago	 Total LDIIum Avena VuIpJa 8nJmus Bromus Kruskal--Wallis test (nonparametric analy- (J~'l 
Grass lnuJ1iflDtum &po micro.sIachys tIoniBceolIs tV!l6nS sis 0/variance); n.s., not Significant. 
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II Plantago 

Figure 4. Response oftotal grass cover and Plantago 
cover to the reintroduction ofgrazing in site SCI in 
summer 1995. Differences in grass cover were signifi
cant (p =0.01, Kruskal-Wallis nonparametric analy
sis ofvariance), but differences in Plantago cover were 
not. 

1998, when it increased greatly during, record El Niiio 
rains (personal observation). In contraS1;', within heavily' 
grazed serpentinitic grassland at KC and!:CR during aver
age to dry years, Lolium is often foundliwhere soils are 
deeper (Huenneke et al. 1990) and is a Substantial com

h 

ponent of the grassland community. Ko,de et al. (1988) 
describe "a distinct vegetation patterning present at 
Kirby Canyon which is not present at JaSper Ridge. This 
consists of alternating patches of annual for" and grass
dominated vegetation varying in extent from less than 1 
m2 to greater than 10 m2•

w In the 1996 vegetation sur
vey, Lolium averaged about 20% cover in the winter
spring grazing site (Fig. 3). Lolium cover was highest in 
swales (often >50%) and in deeper soils, but it was also 
found at low levels (1-20%) throughout the site. 

Recovery of Habitat Value 

In 1988 the electric fence around the 2-ha exdosure at 
KC was breached. By 1993, following 5 years of drought, 
the plot supported high Plantago cover, and larval densi
ties (0.25 larvae/m~ were indistinguis~able from sur
rounding larval samples (S.B.W., unpublisped data). 

In the summer of 1995 following ~e population 
crash, cattle were reintroduced into site SCI. In 1995, 
grass cover was around 75%, dominated py Lolium (Fig. 
4). Following 3 years of grazing from 19% to 1998, grass 
cover dropped to about 45%. Plantago densities did not 
increase silUlificantly across the Qabit<lt, however, but 
ov~rali furb densities increaSed froin l()oJ6 to about 30%, 
and the habitat appears to be recovering even if the 
small remnant butterfly population is not (Fig. 2). 
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Nitrogen Limitation in Serpentinitic Grasslands 

Experimental work has addressed nutrient limitations in 
serpentinitic grasslands. Nitrogen additions in pots 
(equivalent of 200 kg/ha) greatly enhanced the growth 
of grasses (Turitzen 1982). Fertilization with a nitrogen
phosphorus-potassium slow-release fertilizer (313 kg N/ 
ha/year) stimulated dense growth of grasses at Jasper 
Ridge (Hobbs et aI. 1988). In field experiments at Kirby 
Canyon, addition of 100 kg N/ha/year into fortxlomi
nated plots stimulated rapid increases of annual grasses 
(Koide et al. 1988), and factorial design with other nutri
ents (phosphorus, potassium, calcium) showed that N 
was the primary limiting factor for grass growth 
(Huenneke et al. 1990). 

Lolium is the introduced grass that accounts for most 
of the community biomass increases observed under N 
fenilization (Koide et al. 1988; Huenneke et aI. 1990). 
Detailed studies of Lolium and other grasses show that 
Lolium has high N assimilation rates and relative growth 
rates (Hull & Mooney 1990), and it responds rapidly to • 
fertilization in the field and greenhouse. 

Estimates of Nitrogen Deposition 

In many regions, such as Europe and eastern North 
America, wet and dry deposition may be of equal magni
tude (Vitousek et al. 1997). Because of the long, dry 
summer and of the winter rains directly off the Pacific 
Ocean, N deposition in urban coastal California is domi
nated by dry deposition (Blanchard et al. ~Bytner- W. 
owicz & Fenn 1996), often by a factor of 10-30. Dry 
deposition is difficult to measure, and estimates of total 
deposition rely on models that combine aerial concen
trations of reactive-N species with deposition velocities 
(Hicks et al. 1985, 1987). Deposition velocities are sur
face-specific and may change with meteorological condi
tions. Expected uncertainties in dry deposition estimates 
by this inferential method are on the order of 30-50% I~ 

(Blanchard et al. .!.226l ~ 

Although the complexities of smog photochemistry 
and modeling dry deposition fluxes are beyond the 
scope of this paper, some background is essential (Sein
feld & Pandis 1998). The major N species responsible 
for dry deposition are (1) nitrogen dioxide (NOi), (2) ni
tric acid vapor (HNOy , (3) ammonia (NHy, (4) particu- .-) 
late nitrate (pNO~-), and (5) particulate ammonium 
(PNH4~' Nitrogen dioxide is fonned by oxidation of ni
trk: oxide from combustion in a series of rapid reactions 
involving ozone (Oy. Nitrogen dioxide is taken up pri
marily through plant stomata and has a relatively low 
deposition velocity on inert; surfaces. Nitric acid vapor is 
.formp.~ hv rp:lrtio.,~ of.NO_ roith hvi:'!-".,.,rl nd;-:;l~ 

(OH-) o~ a tiJn"e scale ~f'h~~. 'Nitric ~cid vapo~ 
"sticksW to virtually all surfaces equally and has a high 
deposition velocity. Ammonia is produced from soils 
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and animals, and like N02 is taken up primarily by plant 
stomata. Particulate nitrate and ;unmonium are formed 
by reactions between soot and dust particles and gases 
and have relatively uniform deposition velocities among 
different surfaces. 

[QI~ Blanchard et al. (1996) provide the best current esti
mates of dry and wet deposition at various sites in Cali-
fornia. The only deposition station in the San Francisco 
Bay Area is at Fremont (Fig. 1). Estimated rates of dry N 
deposition' at Fremont were around 6 kg N/ha/year, 
with 47% from N02 and 21 % from HN03 (Fig. 5a). Wet 
N deposition at a station in San Jose was 0.89 kg N/ha/ 
year « 15% of dry N deposition) and contributed 
amounts comparable to NH3, pN03-, and pNH4+. 

The estimates for Fremont are not directly applicable to 
the serpentinitic grasslands from Silver Creek to Kirby 
Canyon. Several adjustments need to be made (Fig. 5a): 
(1) for surface composition, (2Useasonality of the grass
land, and (3) for higher pollutiorllevels. The surface com
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position used for deposition modeling in Fremont was
 
70% inert surface (asphalt, roofs, etc.), 15% grass, and
 
15% tree. When 1000/0 grass was used, deposition from
 
N02 increased from 2.2 to 5.2 kg N/halyear because N02
 

has a much higher deposition velodty on grass than on in

ert surfaces. Anunonia deposition increased from 0.91 to
 
2.9 kg N/ha/year. Nitric add vapor deposition did not 
change appreciably because it has similar deposition ve
locities on all surfaces. The total deposition at Fremont 
for a 1000/0 grass surface was estimated at 10 kg N/ha/year 
(C. Blanchard, personal communication.). 

Nonirrigated grasslands in California are green in the 
rainy season (November-April) and largely brown in the 
dry season (May-October). Deposition varies seasonally 
because proportions of N species vary over the year 
(Fig. 5b). Nitrogen dioxide deposition is highest in fall, 
whereas HN03 deposition is highest in summer. To sim
ulate this seasonality, the figure for 100% grass was used 
only for the fall and winter months, whereas the figure 
for the "urban ft mix was used for the spring and sum
mer. At Fremont this adjustment reduced deposition to 
100% grassland to 9 kg N/ha/year (Fig. 5a) 

South San Jose has more air pollution than Fremont. 
Deposition from a N species is generally proportional to 
concentration. The ratio in annual N02 concentration 
between San Jose and Fremont is around ,1.3 (Fig. 6a), 
and the ratio of pN03 concentrations are around 1.2 
(Fig. 6b, both comparisons p < 0.01, paired t test by 
year). Increasing ozone levels (Fig. 6c) indicate that 
HN03 increases toward the south, because there is gen
erally a tight relationship between ozone and HN03 va
por in polluted areas (Blanchard et al. 1996~. The ratio of I~ 
1:1.2 in ozone concentration between Fremont (FR) and 
San Martin (SM, the site closest to Kirby Canyon, paired t 
test by year p < 0.01) suggests a 200Al increase in HN03 
deposition. Based on these adjusted pollutant concentra
tions, the estimate for dry deposition into seasonal grass
land in San Jose increased to 11 kg N/ha/year (Fig. 5a). 

The average yearly input of wet deposition at San Jose 
has been 0.89 kg N/ha/year for a total of around 12 kg 
N/ha/year. Wet deposition within a region usually varies 
proportionally with rainfall. Because the ridgetop at KC 
receives about 640 mm rainfall, twice that at the wet 
deposition station in San Jose (330 mm), wet deposition 
at Kirby Canyon is estimated to be about 1 kg N/ha/year 
greater. Given uncertainties in deposition calculations, 
10-15 kg N/ha/year is a reasonable approximation for 
sites such as Silver Creek and Kirby Canyon. 

Jasper Ridge lies upwind of most pollution sources and 
receives much of its air as northwest winds off the P2cific 
Ocean that pass bver the virtually undeveloped Santa Cruz 

I 

Mountains (Fig. 1). Marine air is low in N02, as evidenced 
~' !'.:''':''! !~'':!s at !,:'.y~~~.. ~::eC!..'r C:l -:..~e coost (Fig. 6c)~ 

That prediction is confirmed,by the resin-bag sampling. 
Aerial bags atJR collected about 40% of the N03, compared 
with bags at SC and KC (JR. = 2.3 ± 1.1 ~g/mL extracted, 
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tion by species at Fremont, California. (b) (adapted 
from Blanchard et al. 1996). 
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Figure 6. Annual average concentrations (J990
1996) ofozone, NOeand particulate NOj - at pollu
tion monitoring stations in tbe San Francisco Bay 
Area (data from California Air Resources Board 
1990-1996). I 

SC = 5.3 ± 1.1 1J.g/mL, KC = 6.8 ± 0.7 1J.g/mL, mean ± 
SE, n =4 for all sites). The difference betweenJR and two. 
other sites was highly significant CP < 0.(01), but the dif- . 
ference between SC and KC is not (Tukey-Kramer HSD 
test). If that ratio holds for total deposition :throughou'ttiie 
year, thenJR may receive about 4-6 kg NflWyear. 

I: 

Discussion. '0 

The population surveys showed that the Bay checker
spot butterfly experienced severe population crashes in 
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1994 and 1995 after grazing was removed from two sites 
in the Silver Creek Hills. Concurrently, other popula
tions in continuously grazed areas did not crash, indicat
ing that widespread climatic factors such as drought 
were not responsible for the population crashes at SCI 
and SC2. 

The proximate cause of the crashes was invasion by 
introduced grasses. The dense sward of grasses, espe
dally Lolium multiflorum, reached heights of 0.75 m 
and crowded out small native annual forbs, especially 
Plantago erecta. Similar invasions of serpentinitic soils 
by annual grasses have been observed around the Santa ~ 

Clara Valley (Ehrlich & Murphy 1987; Murphy & Weiss J~ 

Blanchard et al. (1996) estimates. In addition, areas of I~

1988a; Huenneke et al. 1990). Extensive serpentinite 
outcrops in Santa Teresa County Park, where grazing 
was eliminated in the late 1970s, are dominated by 
grasses (S.B.W. & A. E. Launer, personal observation). 
Few ifany checkerspot butterflies are found in ungrazed 
areas. Similar grass invasions have not occurred at JR, de· 
spite the removal of cattle grazing in 1960. 

These observations suggest a fundamental difference • 
between JR and the south San Jose sites. My review of 
experimental work showed that serpentinitic grasslands 
are largely N·limited and can be rapidly invaded by intrO
duced grasses when N is added. The most responsive 
species is Lolium multiflorum, the most comm~>n grass 
at ungrazed sites in south SanJose. Lolium has been rare 
or absent from Jasper Ridge. 

I estimated that N deposition levels in grasslands in 
south San Jose are 10-15 kg N/halyear. Total deposition 
may be even greater. My calculations did not indude ni
tric oxide (NO), which may also dry~eposit into grass
lands (Hansen & lindberg 1991); average NO concentra
tions are not reported, nor was NO induded in the ~ . 

. 
bare soil typical of serpentinitic grasslands may have 
high deposition velodties for N02, greater than that'of 
the plants themselves (Judeikis & Wren 1978; Hanson'et 
al. l2aZ). Nitrogen deposition levels at Jasper Ridge are ~ 
much lower, based on local meteorology and prelimi
nary measurement with aerial resin bags. 

These levels of N deposition in south San Jose are high 
enough to act as fertilizer and enhance the growth of an
nual grasses at the expense of native annual forbs. Over 
the course of several years, the amounts of N deposition 
at SC and KC approach the yearly amounts used in fertili- ....., 
zation experiments. Most grassland ecosystems respond .,. 
incrementally to N additions (Tilman 1988). For example, 
the effects of the addition of 50 kg N/ha/year on annual 
grass growth were intermediate between 0 and 100 kg N/ 
ha/year in field experiments atJR (Hull & Mooney 1990). 
Serpentinitic grasslands, are highly'- :retentive of N 
~~.~"':"" ~.1.~~.~ ~! ~.:!. I~~?;' .~~".~ :;-:: ·.?~~~'!t:~c~· 1.;-~t .:;:i:: 
l~ciung losses are small: (Hooper & Vitousek 1998). 
Thus, incremental additions of N are incorporated into 
plants and microbes and may build up over several years. 
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The magnitude ofdry N deposition flux in south SanJose 
is comparable to the measured yearly N uptake by plants in 
serpentinitic grasslands. Hungate et al. (1997) measured 
plant N uptake at 30-50 kg N/halyear. HooPer (1996, per
sonal communication) estimated similar uptake in high-di
versity experimental plots. A substantial portion of dry dep
osition (especially NO~ is directly absorbed by stomata 
and is ready for immediate assimilation into the plants. 

• 

The evidence indicates that N deposition is greatly af
fecting the habitat Suitability of serpentinitic grasslands 
for the threatened Bay checkerspot butterfly and other 
native species. Invasion of grasses following grazing re
moval is not a subtle phenomenon, can occur rapidly, 
and takes many years to reverse. Given the repeated re
sponses of these grasslands to the removal of cattle graz
ing, the key conservation recommendation is that well
managed, moderate grazing must be maintained on sites 
that are expected to support the butterfly. Any conserva
tion plan that sets aside land must include long-term 
grazing management. 

The mechanisms by which grazing directly and indi
rectly affects the plant community and the N cycle are 
diverse. Most directly, cattle selectively graze introduced 
annual grasses in preference to forbs. The taller grasses 
can rapidly outgrow shorter forbs; grazing maintains a 
low, open plant canopy. Grasses also outcompete native 
forbs through buildup of dense thatch (Huenneke et al. 
1990). Cattle break down the thatch by trampling and 
feeding in the dry season. cattle also disturb the surface 
and compact soils, but the effects of this disturbance 
alone on plant composition are not well understood. 

Grazing effects on the N cycle are complex. On an ec
osystem-wide basis, cattleremove N as they gain weight 
and are removed for slaughter. Some N may also be ex
ported via ammonia volatilization from droppings and 
urine (Holland et al. 1992). Although cattle droppings 
and urine lead to local deposition of N, in terms of N, 
cattle "eat globally and deposit 10caIly.· Local fertility is
lands « 1 m~ immediately around cattle droppings sup
port lush stands of annual grasses (usually Lolium). cat
tle grazing can also lead to enhanced N availability in the 
soil by speeding up the rate of N cycling via allocation 
patterns of plants (Holland et al. 1992). 

Grazing regimes must be wclI managed and of moder
ate intensity. The rancher at KC and CR regularly moni
tors cattle weight gain and graSs availability. When biolo
gists asked for removal of cattle from KC during drought' 
years to prevent overgrazing, the rancher had already 
made the decisi<?n to move his canIe to other pastures. 
This self-reguJatiod of the grazing regime has been a great 
benefit for the Bay checkerspot butterfly and for many of 
the native plant species that survive on serpentinitic soils. 
~,~ ~~~~,,~.~' ,~S0. r~:::,'~n~ ~. :?:,:'";!~ ~..::~~~ ~:zi~: 5.~. -?~':'.. 

cemrated in'the summer and faU. Although gl'aSS cover is 
higher in these areas than in the winter-spring grazed ar
eas (Fig; 3), Plantago and numerous nectar sources are 
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still abundant. Multiple management regimes may help to 
spread risks associated with particular grazing regimes. 
For example, grazing during the winter and spring un
doubtedly leads to some direct mortality of butterfly lar
vae, eggs, and pupae by crushing; this source of direct 
mortality' is avoided by summer-fall gazing at the cost of 
higher grass cover in the habitat. 

Some plant species do not do well with grazing. Dud
leya setcbellJJ (listed as endangered) lives on rock out
crops, is often chewed up by cattle, and tends to be 
more abundant and vigorous in ungrazed areas (U.S. 
Fish & Wildlife Service 1998; personal observation). 
Fencing off selected rock outcrops that provide little 
habitat value for the butterfly is effective mitigation. 
Grazing may not be the perfect solution to grass inva
sions, but, given the current state of our knowledge, ex
isting moderate grazing regimes appear to be a suitable 
management prescription for most serpentinitic grass
lands in south San Jose. 

Ungrazed, grass-dorninated sites can recover to accept
able levels of habitat quality for the butterfly following the 
reintroduction ofgrazing, but recovery may take years. in
troduced grasses perlorm well during wet years and 
poorly during droughts, and Plantago ereeta performs ~ 

well during droughts (Hobbs & Mooney 1995). The years ~ 
following reintroduction of grazing in SCI (1995-1998) 
all had above-average rainfall, including the record El 
Niflo winter of 1997-1998, so grass growth was favored. 
Conversely, a severe drought period may slow the grass 
invasion and speed recovery; recovery of the KC grazing 
exclosure took place over 5 years of drought. 

Fire and mowing may not be appropriate management 
tools for serpentinitic grasslands. Fire in these grasslands 
is poorly studied, and extensive controlled experimental 
studies would be required to properly assess the effects 
of fire. Fire may kill Bay checkerspot larvae that are in 
summer diapause beneath rocks and in the soil. Mowing 
and hay removal are not feasible because of rock out
crops and steep slopes. 

Documenting the effects of grazing removal creates a 
dilemma for scientists and conservationists attempting to 
protect biologically rich serpentinitic grasslands. Removal 
of grazing is a rapid route to diminished habitat quality 
and population-level extinctions of the one protected spe
cies that can stymie broad development plans on serpen
tinitic soils. One landowner (SO) has already followed 
that course in hopes of eliminating the habitat value from 
his parcel. The U.S. Fish and Wildlife service (1998), how
ever, is aware of the problem and still regards the de
graded habitat as important to protect. Whether the En
dangered Speci~s Act can be invoked to force landowners 

I 

to continue grazing is an open question. 
~}·t.~~~z~ ~~ ::!~:~::::".:.:;: ~~:~!:: p::=:a~i~ ~ !~~:=!..~ in 

south San Jose, it still may have chronic long-term effeas. 
Lolium may require several years of drier weather to dis
appear from JR. Edgewood Natural Preserve, which has 
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consistently supported patches of higlH1ensity Lolium 
throughout the grassland (personal observation), may be 
affected by short-range deposition from an eight-lane free
way that bisects the site. Introduction of grazing or fire at 
EW and JR would be difficult without careful research and 
planning to address scientific and political concerns. 

The ultimate solution is to eliminate sources of excess N, 
a much larger societal problem that will Itake decades to 
solve. Air pollution standards based on direct human health 
issues may not be stringent enough to avoid negative ef
fects on N-sensitive ecosystems. The San Francisco Bay 
Area (and all of California) presently meet federal and state 
standards for mean annual N02 concentrations (California 
Air Resources Board 19%). cars are the major regional 
source of NOx (600!o or more), and little pfugress has been 
made in reducing car use despite chronic traffic problems. 
Proposed new air quality rules will only incrementally de
crease NOx levels and offer no short-term relief. 

The threads of this story highlight the interdisciplinary 
nature of conservation biology. Much of the evidence 
linking N deposition to the grass invasioQs is still circwn
stantial and inferential. More research 'is needed in a 
number of areas: (1) refinement of deposition estimates; 
(2) effects of low-level chronic N additions over several 
years; (3) effects of grazing regime on s~rpentine, both 
in terms of plant composition and N dynamics; (4) time 
course of restoration following the reintroduction of 
grazing; (5) recovery of Bay checkersppt populations; 
and (6) alternatives to grazing, especially fire. Such re
search would necessarily draw on atmospheric chemis
try, plant ecology, ecosystem ecology,.range manage
ment, population biology, and other disciplines and 
would be a major, long-term research pr6gram. 

The number and identity of rare species in California 
beyond the Bay checkerspot butterfly that are being nega
tively affected by N deposition is unknown. Dry N deposi
tion in California varies greatly with location (Blanchard 
et al. 19%): 24-29 kg N/ha/year in the Los Angeles Basin; 

II 

10-20 kg N/ha/year in Central Valley cities (Bakersfield 
and Sacramento); 6 kg N/halyear in Fremont and Santa 
Barbara; and around 1 kg N/ha/year in rural locations at 
Gasquet (far northern California) and at Sequoia and 
Yosemite National Parks in the Sierra Nevada. Other esti
mates of N deposition in California range up to 45 kg N/ 
ha/year in forests in the San Bernardino Mountains in the 
Los Angeles basin, which are showing signs of N satura
tion (Bytnerowicz & Fenn 19%). Coastal sage-scrub com-" . 
munities are being transformed by the in~ion of annual 
grasses driven bY. N deposition (AlIen et all 1998). 

Conclusions 
. ~._~... :.•. :,.t.-'. 

TIie efll~.4~em.ent of the global N cycle is but one aspect 
of global change. Land-use alterations and invasive spe
cies are two widely recognized compo~ents of global 
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change (Vitousek 1994), and the plight of the Bay ~ 
checkerspot butterfly demonstrates how all three fac
tors interact to threaten local biological diversity. Land-
use change (urbanization) directly threatens the serpen
tinitic grasslands of the San Francisco Bay Area (Murphy 
& Weiss 1988a). The invasive grasses that have dramati
cally changed California's grasslands are poised to domi
nate the last refugia for the native grassland flora and 
fauna, given the chance. That chance is provided by 
smog-induced fertilization, but only with the additional 
land-use change of removing grazing. The economics of 
grazing adjacent to major urban areas may not be viable 
over the long term. It is ironic that grazing, which has 
contributed so greatly to the transformation of Califor
nia's native grasslands, may prove necessary for their 
maintenance on nutrient-poor soils downwind of major 
pollution sources. 

Nitrogen deposition is a long-term regional and global 
problem that deserves increased attention from scien
tists and policymakers (Vitousek et al. 1997). Many •. 
other rare ecosystems, communities, and species world
wide may be affected by N deposition from nearby (or 
even distant) air pollution sources. The effects of addi
tional N may be obvious, as observed in this study, but 
also may be more subtle, such as changes in soil chemis
try and plant tissue that can affect herbivores and overall 
nutrient cycling. Identification of the problem and estab
lishment of suitable management regimes will undoubt
edly take much research and experimentation by con
servation biologists and managers. 
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• 
STATE OF CALIFORNIA 

Energy Resources Conservation 
and Development Commission 

In the Matter of: 

Application for Certification for the 
Metcalf Energy Center [Calpine 
Corporation and Bechtel Enterprises, Inc.] 

) Docket No. 99-AFC-3 
) 
) PROOF OF SERVICE 
) (*Revised: 10/15/99) 
) 

I, Chester Hong, declare that on November 2,1999 I deposited in the United States mail, copies of 
the attached Cars, Cows, and Checkerspot Butterflies: Nitrogen Deposition and Management 
of Nutrient-Poor Grasslands for a Threatened Species in Sacramento, CA with first class 
postage thereon fully prepaid and addressed to the following: 

DOCKET UNIT 

• 
Send the original signed document plus 12 
copies to the following address: 

CALIFORNIA ENERGY COMMISSION 
Attn: Docket No. 99-AFC-3 
DOCKET UNIT, MS-4 
1516 Ninth Street 
Sacramento, CA 95814-5512 

In addition to the documents sent to the 
Commission Docket Unit, also send individual 
copies ofall documents to: 

APPLICANT 

Ken Abreu 
Calpine Corporation 
6700 Koll Center Parkway, Suite 200 
Pleasanton, CA 94566 

Counsel for Applicant 

Jeffrey D. Harris, Esq. 
Ellison & Schneider 
2015 H Street 
Sacramento, CA 95814 

INTERVENERS 

California Unions for Reliable Energy 
(CURE) 
Marc D. Joseph 
Lizanne Reynolds 
Adams, Broadwell, Joseph & Cardozo 
651 Gateway Boulevard, Suite 900 
South San Francisco, CA 94080 

City ofMorgan Hill 
David Jenkins, City Manager 
Council Member Cynthia J. Cook 
Council Member Steve Tate 
17555 Peak Avenue 
Morgan Hill, CA 95037 

• 
Revisions to pos List, i.e. updates, additions and/or deletions. 
MetcalfEnergy Center (Docket No. 99-AFC-3) 
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• Elizabeth Cord Janis Moore, Planner II 
Santa Teresa Citizens Action Group City of San Jose 
286 Sorenta Way Dept. of Planning, Bldg.and Code 
San Jose, CA 95119-1437 

Scott & Donna Scholz 
6464 San Anselmo Way 
SaI1 Jose, CA 95119-1928 

Jeffrey Wade 
7293 Forsum Road 
San Jose, CA 95138 

Californians for Renewable Energy 
C/O Michael E. Boyd 
821 Lakeknoll Drive 
Sunnyvale, CA 94089· 

Paul R. Burnett 
1960 Llagas Road 
Morgan Hill, CA 95037 

• *Robert F. Williams 
7039 Via Pradera 
San Jose, CA 95139-1152 

T.H.E. P.U.B.L.I.C. 
William J. Barbett, Agent 
PO Box 36136 
San Jose, CA '95158-6132 

INTERESTED AGENCIES 

Laurel Prevetti 
Planning Department 
City of San Jose 
801 N. First Street, Room 400 
San Jose, CA 95110 

Kent Edens, Planning Services 
City ofSan Jose 
801 N. First Street, Room 400 
San Jose, CA 95110 

Enforcement 
801 N. First Street, Room 400 
San Jose, CA 95110-1795 

Independent System Operator 
Steve Mavis, Manager 
151 Blue Ravine Road 
Folsom, CA 95630 

James McDonald, Principal 
Encinal Elementary School 
9530 N. Monterey Rd. 
Morgan Hill, CA 95037 

Supervisor Don Gage 
Santa Clara County 
70 West Bedding 
San Jose, CA 95110 

Councilmember Charlotte Powers 
City of San Jose 
801 North First Street 
San Jose, CA 95110 

William deBoisblanc, Director Permit 
Services 
Bay Area Air Quality Mgmt. District 
939 Eillis Street 
San Francisco, CA 94109 

David Salsbery 
Santa Clara Valley Water District 
5750 Almaden Expressway 
San Jose, CA 95118-3686 

Michael Lopez, Planning Office 
Santa Clara County Govt. Center 
70 West Hedding, East Wing, i h 

Floo~ 
San Jose, CA 95110-1705 

• Revisions to pos List, ~e. updates, additions and/or deletions. 
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• *Electricity Oversight Board
 
Gary Heath, Executive Director
 
770 L Street, Suite 1250
 
Sacramento, CA 95814
 

Dave Morse
 
CPUC - Office of Ratepayer Advocates
 
77Q L Street, Suite 1050
 
Sacramento, CA 95814
 

*Michelle Geary
 
Guadalupe-Coyote Resource
 

Conservation District
 
888 North First Street, Room 204
 
San Jose, CA 95112
 

*California Air Resources (CARB)
 
Project Assessment Branch
 
PO Box 2815
 
Sacramento, CA 95812
 

• I declare that under penalty of peIjury that the foregoing is true and correct. 

~.. ~// 
. ~ gnatUrej7 '7. 
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• 
* * * * . 

CEC INTERNAL DISTRIBUTION LIST ONLY! 

Parties DO NOT mail to the following individuals. The Energy Commission Docket Unit will 
internally distribute documents filed in this case to the following: 

•
 

ROBERT A. LAURIE, Commissioner 
Presiding Member 
MS-31 

WILLIAM J. KEESE, Commissioner 
Associate Member 
MS-32 

Stanley Valkosky 
Hearing Officer 
MS-9 

Lorraine White 
Project Manager 
MS-15 

Kerry Willis 
Staff Counsel 
MS-14 

Jonathan Blees 
Assistant Chief Counsel 
MS-14 . 

PUBLIC ADVISER 

Roberta Mendonca 
Public Adviser 
MS-12 
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