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Abstract: Declines in amphibian populations are rarely reported on the community or ecosystem level. We 
combined broad-scale field sampling with historical anialyses of museum records to quantify anmphibian de- 
clines in California's Great Central Valley. Overall, amphibians showed an unambiguous patterna of decline, 
although the intensity of decline varied both geographically and taxonomically. The greatest geograiphicail de- 
cline was detected in the counties of the Sacramento and Sana Joaquin Valleys. Two species, Rana aurora and 
Bufo boreas were identified as the most affected by decline, whereas Pseudacris regilla was the least affected. 
The Coast Range counties had little or no detectable decline. We provide new evidence implicating introduced 
predators as a primary threat. Introduced predators occur at lower elevations than native species, and our 
data indicate that for some native species there has been signaificanat restriction to higher elevation sites from 
a formerly broader distribution. Our historical approach provides a strategy for identifying declining anm- 
phibian communities that complements more detailed, long-term mnonitoring programs and provides an as- 
sessment of the pattern of change that is a necessary prerequisite for the development offield experiments 
that test hypothesized mechanisms of change. 

La declinaci6n de anfibios en el Gran Valle Central de California 

Resumen: Las declinaciones de anfibios raramente son rep)ortadas a nivel comunidad o ecosiste-ma. Combi- 
namos muestreos de campo a gran escala con analisis historicos de registros en museos para cuantificar las 
declinaciones de anfibios en el Gran Valle Central de California. Ena general, los anfibios maostraroni unl 
patron de declinacion muy claro, aunque la intensidad de declinacion vari6 tanto geograifica como taixo- 
n6micamente. La mayor declinacion geografica se detect6 en los conadados y los valles de Sacramenito y San 
Joaquin. Dos especies, Rana aurora y Bufo boreas, fueron las mas afectadas por la declinaci6n, maientras que 
Pseudoacris regillafue la menos afectada. La declinaci6n en los condados defranja costerafue pequefia o no 
detectable. Proporcionamos evidencia de que depredadores introducidos son la principal amnanaza. Los 
depredadores introducidos ocurren en elevaciones menores que laGs especies nativas, y nuestros datos indican 
que algunas especies nativas han sido significativamente restrintgidas a sitios de mayor elevaci6n al partir de 
una distribuci6n original mas amplia. Nuestro enfoque hist6rico proporicona una estrategia parat identificar 
la declinaci6n de comunidades de anfibios que complementa a los prograinas de monitoreo detallado y al 
largo plazo y proporciona una evaluacion del patr6n de cambio que es un prerequisito para el desarrollo cle 
experimentos de campo para probar mnecanismos hipoteticos de cambio. 
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Introduction 

Regional and global amphibian declines have attracted a 
great deal of attention and controversy (Blaustein & Wake 
1990; Blaustein 1994; Blaustein et al. 1994c; McCoy 1994; 
Pechmann & Wilbur 1994; Travis 1994). The controversy 
has centered on the resolution of two questions. First, to 
what extent are "declines" a real phenomenon rather than 
a misinterpretation of the large fluctuations in popula- 
tion size that characterize many natural amphibian pop- 
ulations (Heyer 1979; Corn & Fogelman 1984; Pechmann 
et al. 1991; Dodd 1992; Hairston & Wiley 1993; Kagarise 
Sherman & Morton 1993)? Second, if declines are real, 
are they caused by global environmental change or by lo- 
calized anthropogenic factors (Barinaga 1990; Blaustein 
& Wake 1990; Blaustein et al. 1994c)? Although docu- 
menting the existence of declines should logically pre- 
cede the search for causal mechanisms, the urgency of 
understanding, and reversing, the wholesale collapse of 
worldwide amphibian populations has motivated a search 
for causes even as amphibian biologists debate the real- 
ity of global patterns of decline (Barinaga 1990; Blaustein 
& Wake 1990; Blaustein 1994; Blaustein et al. 1994a,b; 
McCoy 1994; Pechmann & Wilbur 1994; Travis 1994). 

Part of the frustration in documenting declines in any 
species or community is the historical nature of the prob- 
lem (Reznick et al. 1994). We must understand the past 
distribution and abundance of species to make meaning- 
ful comparisons with the present. The key problem, then, 
is how to quickly and accurately compile both historical 
and current information for entire amphibian communi- 
ties, while maintaining high statistical and field method- 
ological standards. This task appears daunting, especially 
at large geographic scales, but we feel that a focused pro- 
gram of field surveys and historical analyses of museum 
records can provide insights into both the patterns and 
mechanisms of amphibian decline prior to choosing sites 
for long-term monitoring programs or field experiments. 
Although such data will almost necessarily be less com- 
plete than one might desire, they often provide the only 
form of historical information available for many am- 
phibian communities that are currently under scrutiny. 
As Reznick et al. (1994) point out, museum collections 
may be used to quantify the local abundances of individ- 
ual species (if census data for specific sites are available) 
or to investigate shifts in species composition of entire 
drainages or other large regions. Although direct com- 
parisons of specific sites are obviously important, this 
approach requires that current sampling be conducted 
at precisely the same sites, and with the same methods, 
as they were in the past (Barry & Shaffer 1994; Drost & 
Fellers 1994). Unfortunately, few past studies were com- 
plete and rigorous enough to facilitate such direct com- 
parisons, making this strategy of limited general utility. 

In the absence of well-controlled field sampling pro- 
grams in the past, how can one collect meaningful data 

on the historical decline of amphibian communities? We 
submit that even with the relatively incomplete samples 
that typify most museum collections, one can still use 
this information to glean important insights into histori- 
cal patterns of distribution, and thus current patterns of 
decline. We provide an example utilizing the entire com- 
munity of pond breeding amphibians in California's val- 
ley oak-grassland and prairie habitats throughout the Great 
Central Valley and Coast Range (Fig. 1). This grassland- 
dominated landscape has long been recognized as a dis- 
crete ecological and biogeographical community (Hickman 
1993). We follow Hickman (1993) in recognizing three 
subcommunities that represent different drainage systems 
in Fig. 1: the Coast Range, the Sacramento Valley, and the 
San Joaquin Valley. Six amphibian species were historically 
widespread in this habitat and a single aquatic breeding 
site would generally contain between two and five species 
(Feaver 1971; Barry & Shaffer 1994; Fisher, unpublished). 

Methods 

Between 1990 and 1992 we surveyed aquatic habitats 
for reproductive populations of pond-breeding amphibi- 
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Figure 1. Aquatic sites surveyed for native amphibi- 
ans in California during 1990-1992. Vertical Histo- 
grams indicate the numbers of native and introduced 
species present (from currentfield surveys) and native 
species absent (by subtraction, from historic museum 
data) by county within each subregion. The counties 
of each subregion are plotted on the histogram from 
top to bottom. The first county is the one furthest west 
and north, and the last one is the furthest east and 
south, they progress in order from west to east. 

Conservation Biology 
Volume 10, No. 5, October 1996 



Fisher & Shaffer Declinie of CaliforniaAniphibians 1389 

ans. We considered a population reproductive if it con- 
tained larvae during the appropriate months of the win- 
ter or spring. We sampled vernal pools, natural and 
artificial ponds, and marshlands for larval amphibians 
during the late winter and spring to maximize our ability 
to detect this breeding activity (Barry & Shaffer 1994; 
Heyer et al. 1994). A few sites were sampled several 
times across years and seasons to determine the period 
of greatest larval abundance for the regional sampling of 
localities. Under natural conditions vernal pools are 
ephemeral and fill relatively synchronously. Therefore, 
most larvae tend to use ponds during the same period of 
time, and sites could be sampled once during a season to 
determine the presence of a species at a site. We sam- 
pled ponds witlh 3- to &mmn mesh seine nets (Shaffer et al. 
1994; Fisher 1995). From 1986 to 1994 we sampled over 
1000 aquatic sites, although for this analysis we only in- 
cluded the 315 ponds (from 28 counties) for which we had 
a complete survey of biotic data. These sites cover most of 
the extant distribution of the valley oak-grassland/prairie 
community except for a small section of the Monterey Bay 
coast where the extremely fragile populations of Santa 
Cruz long-toed salamander (Ambystoina mnacrodactylim 
croceum) occur (Russell & Anderson 1956). 

Our sampling protocol was designed to sample locali- 
ties evenly across wide areas to detect regional patterns 
of current species distribution. We generally maintained 
a distance of 10-30 km between sites unless suitable 
habitat was not available (in which case the dlistances 
between sites were greater). If an abundance of excel- 
lent habitat was available we sampled more intensively. 
To maximize the chances of locating breeding activity if 
it was present, we concentrated on aquatic sites that, in 
our subjective view, were "good" amphibian breeding 
habitat. In vernal pool complexes with variable pond 
sizes, we concentrated our sampling in the largest pools 
because they generally harbor the greatest amphibian di- 
versity. By concentrating on the (apparently) best am- 
phibian habitat, our localities represent the minimum 
number of reproducing populations of amphibians. 
Thus, they should not be considered a definitive refer- 
ence for the presence or absence of amphibians in an 
area but rather a reasonable indication of the patterns of 
amphibian breecding activities in prime habitat in a given 
region. We used counties as our geographical unit for 
analysis because our inability to find even a single local- 
ity for a species in a county seems a reliable indication 
that it is either rare or absent in a region. 

We recorded the presence or absence of the following 
native amphibians for each pond: California n-ewt (Tar- 
icha spp. including both T granulosa and T torosa t[or- 
osa, but not the stream and river inhabitant, T torosca si- 
errae from the Sierra Nevada footlhills); California tiger 
salamander (Amnbystomna californienise); Pacific treefrog 
(Pseudacris (Hyla) regilla); western spadefoot toad 
(Scaphiopus bwamJnondif); western Toad (Buf0o boreas); 

and California red-leggedl frog (Rcanacl citurorca). We also 
surveyed for introdlucedl species (frogs andl fish): Gatin- 
bitsics c{ffinis (mosquito fislh), fish (all other species of 
fish found in any pondts, all of which were usually intro- 
dluced), and Rcanai catesbe/icana (bullfrog). Mosquito fish 
were recorded separately from other fish because they 
are intentionally7 introdlucedl as biological control agents 
andl are known predlators of amphibian eggs and 
hatchlings (L. Kats, personal communication; P. Tren- 
ham, personal communication; (Grubb 1972). We didl 
not sample intensively for each indtividlual species of in- 
troduced fish because several species may be present in 
a single ponld, andl they, appear to have similar ecological 
effects on native amphibians. Rather, after it was estab- 
lishedt that native amphibians were or were not present, 
we movedl on to the next pondl. Questionable identifica- 
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tions were confirmed by P. Moyle (fishes) and M. Jen- 
nings (amphibians). Elevation and several other biotic 
and abiotic parameters were measured at each site for a 
separate, ecological study of amphibian population ecol- 
ogy (Fisher 1995). 

Historic distribution data were compiled for the six 
native species based primarily on museum specimens 
from the California Academy of Sciences and the Mu- 
seum of Vertebrate Zoology (University of California, 
Berkeley) because these two collections house the great- 
est numbers of specimens from the study region and in- 
corporate the most individual localities. These data were 
supplemented with unpublished data (Mark Jennings) 
for R. aurora, P. regilla, and S. hammondii. Ambystoma 
californiense records were extracted from California 
Department of Fish and Game's Natural Diversity Data 
Base, whereas those for R. catesbeiana were taken from 
Bury and Luckenbach (1976). Historic occurrences were 
only included in our determination of the past distribu- 
tion of a species if they were collected from our sam- 
pling region. We recorded historical elevations from the 
California Department of Fish and Game's data base for 
all available localities of A. californiense and determined 
elevations for S. hammondii and B. boreas using topo- 
graphic maps. We examined these three species in de- 
tail because the number of current and historic records 
for them were very similar, suggesting that a direct com- 
parison of average elevations over time would be mean- 
ingful. 

Almost all of the historic records in this database are 
from the 1890s-1980, and we consider them to repre- 
sent a reasonable sample of the recent historic range for 
these species. However, a few counties appear to be sys- 
tematically under-sampled. We deleted Kings County 

from the analysis because only two individual amphibian 
specimens are known from the county. We retained Sut- 
ter, Yuba, and Placer counties in our analysis, even 
though several species that probably "should" have been 
historically present could not be confirmed in museum 
collections. If the historical records for these counties 
are an inadequate representation of the true distribution 
of several common species, this will render our esti- 
mates of decline conservative because these counties 
would actually contain a greater loss of species then we 
detected due to inadequate historical sampling. 

Results 

Distributional Trends across the Great Central Valley 

We documented a statistically significant decline in the 
number of species currently found in most counties 
compared with that found historically, supporting the 
interpretation that a community-wide decline has oc- 
curred (Fig. 2A). This decline varies both geographically 
(Fig. 2A) and taxonomically (Fig. 2B). Geographically, 
the Coast Range habitat shows relatively little overall de- 
cline (mean difference in number of species/county be- 
tween current and historical records = 0.71), whereas 
the Sacramento and San Joaquin Valleys both show 
larger, virtually identical declines (San Joaquin Valley, 
mean difference = 2.22; Sacramento Valley, mean differ- 
ence = 2.08; Kruskal-Wallis Test comparing the three 
groups, H corrected for ties = 7.981, DF = 2, p = 
0.018). Paired comparisons of the three areas indicate 
that the Coast Range has significantly less decline than 
the other two areas (t test, p = 0.004 to San Joaquin Val- 

Figure 3. Historic recordsfor Am- 
bystoma californiensefrom the 
Great Central Valley (A). The 
present distribution of A. californi- 
ense in the Great Central Valley 

O. .X ;A . 5 1. I - . ̂w:F 

based on our surveys (B). Shaded 
area as in Fig. 1. 

Conservation Biolog) 
Volume 10, No. 5, October 1996 



Fisher & Shaffer Decline of CaliforniaAmphibians 1391 

Figure 4. Historic records for 
Scaphiopus hammondiifrom the 
Great Central Valley (A). The 
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iO, jwnlC0,<s;- 3C!t,0; j ; SJ in~~inthe Great Central Valley based on 

our surveys (B). Shaded area as in 
Fig. 1. 

ley; p = 0.013 to Sacramento Valley; corrected using 
Bonferroni method for multiple tests [Rice 19891). How- 
ever, the Sacramento and San Joaquin Valleys did not sig- 
nificantly differ in amount of decline (p = 0.753). 

Although all species show some decline, they range 
from slight (1/28 counties lost for P. regilla) to extreme 
(24/28 counties lost for R. aurora) (Fig. 2B). To exam- 
ine these individual species patterns in more detail, we 
plotted the recent and historic localities in the Great 
Central Valley for four native species and the bullfrog. 
For this analysis we plotted up to seven localities per 
county for the historic distributions to maintain a similar 
10- to 30-km distance between localities as we did for 
our field survey. We also plotted all of our localities for 

each species on the recent maps, for visual comparison. 
Figures 3-7 illustrate the historic and recent distribu- 
tions of A. californiense, S. hammondii, B. boreas, R. 
aurora, and R. catesbeiana, respectively, within the 
Great Central Valley. We did not plot P. regilla or T tor- 
osa because the former showed essentially no decline 
and the latter is only peripherally present in parts of the 
Sacramento and San Joaquin Valleys. 

When compared with their historic distributions we 
see a gradient in the degree of decline across the native 
species. A. californiense (Fig. 3), which still occurs over 
much of its previous distribution, appears to be in the 
initial stages of fragmentation and decline. It is still 
present in most counties, although peripheral popula- 

Figure 5. Historic recordsfor Bufo 
boreasfrom the Great Central Val- 
ley (A). The present distribution of 
B. boreas in the Great Central Val- 
ley based on our surveys (B). 
Shaded area as in Fig 1. 
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Figure 6 Historic records for Rana 
aurorafrom the Great Central Val- 
ley (A). The present distribution of 
R. aurora in the Great Central Valley 

.. 

. E S . . .... .s . .X ... .. ..... . 
LA 

\ . . Lt based on our surveys (B). Shaded 
area as in Fig. 1. 

tions in the Sacramento and eastern San Joaquin Valleys 
are no longer extant. S. hammondii (Fig. 4) shows a 
more severe pattern of decline with virtually complete 
extirpation from the Sacramento Valley, and a reduced 
density of populations in the eastern San Joaquin Valley. 
B. boreas (Fig. 5) shows a further continuation of this 
trend with virtually no recruitment during our sampling 
period in the Sacramento or San Joaquin Valleys, but ap- 
parently viable populations in the Coast Range. Finally, 
R. aurora (Fig. 6) is in the final stages of decline, and we 
found it in only a few isolated ponds in the Coast Range. 
Thus, at the individual species level we see a common 
sequence of decline in native pond-breeding amphibians 

with losses occurring first (and most severely) in the 
Sacramento Valley, followed by the San Joaquin Valley, 
and finally by the Coast Range. 

Changes in distribution for the introduced bullfrog are 
shown in Fig. 7. Historically, bullfrogs have been found 
throughout the Sacramento and eastern San Joaquin Val- 
leys in permanent ponds, sloughs, and rivers, with ap- 
parently limited invasion into Coast Range habitats. Al- 
though our current sampling was often in suboptimal 
bullfrog habitat, we still found it abundant in ponds 
throughout the Sacramento Valley, but only in scattered 
localities in the Coast Range and San Joaquin Valley. 
However, we did record it for San Benito and Monterey 

Figure 7. Historic recordsfor Rana 
catesbeianafrom the Great Central 
Valley (A). The present distribution 
of R. catesbeiana in the Great Cen- 

0 .;L4=== - A tF E l L} A 1 - % tral Valley based on our surveys 
(B). Shaded area as in Fig. 1. 
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Table 1. Co-occurrence of native amphibians and introduced fish 
and frogs in ponds in the Great Central Valley during the 1990-1992 
aquatic surveys.* 

Introduced fish and frogs 

Native amphibians Ponds with Ponds without Total 

Ponds with 38 195 233 
Ponds without 39 45 82 
Total 77 238 315 

*n = 315 ponds; G value = 28.3, df= 1, p < 0. 0001. 

counties where it did not occur in 1976 (Bury & Lucken- 
bach 1976) indicating that it is still in the process of 
range expansion where appropriate habitat exists. 

Species Co-Occurrences and Elevational Shifts 

Because we collected distributional data on the three 
major groups of potential exotic predators (mosquito 
fish, other fish, and bullfrogs), we can examine the pat- 
tern of co-occurrence and habitat shifts of native am- 
phibians and introduced exotics. Table 1 shows that 
there is a significant, inverse relationship between intro- 
duced exotics and native amphibians (G test comparing 
co-occurrence of all native species with all exotics, G 
value = 28.3, DF = 1, p < 0.0001), and this pattern 
holds individually for virtually all native species for 
which we have reasonable sample sizes (Fisher 1995). 
When we tested the three individual predator classes, 
we also found a significant, inverse relationship with na- 
tive species, although the frequent co-occurrence of sev- 
eral introduced exotics in the same pond makes it im- 
possible to unambiguously assess the impact of each 
predator class on native amphibian species. Thus, although 
native and introduced species do sometimes co-occur, 
the vast majority of ponds harboring native amphibians 
lack introduced species. We tested for an elevational 
component to this pattern of negative co-occurrence 
both across our entire sampling area (Fig. 8A) and in the 
Coast Range (Fig. 9A) because it shows the least level of 
decline. In both cases the mean elevation of all native 
species was above the mean elevation of our samples, 
whereas the mean for introduced fishes, mosquito fish, 
and bullfrogs were below the mean elevation of our 
samples and below that of all native amphibians. Finally, 
for the three species for which we observed a decline 
but could still find enough samples to reliably document 
elevational ranges (B. boreas, S. hammondii, A. cali- 
forniense), historical localities were significantly lower 
in elevation than are current viable populations (Figs. 
8B, 9B). This upward shift in elevation is not due to our 
inability to find and sample low-elevation sites in our 
current field work because the majority of our sampling 
effort was from 0 to 200 m elevation. Rather, most of the 
low-elevation sites we sampled were unoccupied by native 

species, compared witlh their historical pattern of distribu- 
tion, implying they have been lost from these areas. 

Discussion 

Three primary results stem from our analysis of distribu- 
tional patterns of native amphibians and introduced 
predators in the Great Central Valley. First, all native 
species examined appear to show an overall decline in 
their distribution. Second, native amphibians and intro- 
duced fishes and bullfrogs tend not to co-occur, with in- 
troduced exotics occupying low-elevation sites, and na- 
tive species persisting primarily at higher elevations. 
Third, the three species of native amphibians for which 
we have sufficient samples, have become restricted to 
higher elevations of occupied sites over the last several 
decades. It thus seems plausible that habitat modifica- 
tions, low levels of topographic relief, or a combination 
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Figure 8. Current elevational distribution of native 
and introduced species rank ordered by elevation: 1, 
Tarichla spp.; 2, B. boreas; 3, R. aurora; 4, S. hammondii; 
5, A. californiense; 6, P. regilla; 7, Fish; 8, R. catesbeiana; 
9, G. affinis (bars represent SE and sample sizes [ni are 
in parentheses) (A). Historic versus recent elevations 
of three native amphibians (bars represent SE and 
sample sizes [n] are in parentheses) (B). The asterisk 
( ) is the mlean elevation of all 315 ponds in our survey. 
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Figure 9. Current elevational distribution of native 
and introduced species in Coast Range only rank or- 
dered by elevation: 1, Taricha spp.; 2, S. hammondii; 3, 
R. aurora; 4, B. boreas; 5, A. californiense; 6, P. regilla; 7, 
G. affinis; 8, Fish; 9, R. catesbeiana (bars represent SE 
and sample sizes [ni in parentheses) (A). Historic ver- 
sus recent elevations of three native amphibians for 
the Coast Range only (bars represent SE and sample 
sizes [ni are in parentheses) (B). The asterisk (*) is the 
mean elevation of all 134 ponds in the Coast Range. 

of factors have allowed exotic species to invade low-ele- 
vation sites, and this has contributed to the overall pat- 
tern of decline seen in the native amphibians. 

Before examining this hypothesis in greater detail, it is 
important to recognize the potential limitations to our 
analysis. As emphasized by Reznick et al. (1994), the 
kind of interpretations we wish to make rely on the qual- 
ity of the museum records for baseline historical data as 
well as our own sampling for current distributional in- 
formation. Although both are subject to many sources of 
error, we feel they provide a reasonable basis for docu- 
menting historical patterns at the coarse scale over 
which we are working. Several potential sources of er- 
ror have been identified in the literature, including (1) 
local, stochastic population fluctuations and (2) year-to- 
year variation in patterns of recruitment. Both of these 
may effect the reliability of either the museum records 

or our own sampling; however, the key question is 
whether either will lead to a systematic bias that would 
be interpreted as a decline over time. Assuming that lo- 
cal, stochastic population fluctuations are a normal oc- 
currence (Shaffer & Fisher unpublished data; Heyer 
1979; Corn & Fogelman 1984; Pechmann et al. 1991; 
Dodd 1992; Hairston & Wiley 1993; Kagarise Sherman & 
Morton 1993), we might not record all potential species 
at a particular breeding site either in our current sam- 
pling or in museum records. However, unless a local ex- 
tirpation (i.e., across an entire county) has occurred, we 
should record them at a nearby pool and still score them 
as regionally present historically and currently. Because 
we were not quantifying the numbers of individuals at 
each pond, even severe fluctuations will not affect our 
results as long as a few individuals reproduce most sea- 
sons (Trenerry et al. 1994; Hayek & Buzas in press). In 
addition, the size of our sampling unit (the county) en- 
sures that we will average over small-scale fluctuations 
and only tally declines that encompass many hundreds 
to thousands of square kilometers. 

The effects of yearly variation in recruitment due to 
widespread environmental factors are potentially more 
severe, especially because most localities were only sam- 
pled once during our 3-year survey. In particular, if our 
surveys were conducted during particularly dry years 
and certain species did not breed while others did, we 
might incorrectly interpret a lack of breeding due to low 
rainfall levels as a real, species-specific decline. Circum- 
stantial evidence suggests this is not a serious concern, 
but may influence a few species. First, our 3 sampling 
years were not uniformly low-rainfall winters. If we use 
Davis (Yolo county, a southern Sacramento Valley site) 
as representative of the Great Central Valley, the 1989- 
1990 rainfall (1 July-30 June) was 15.85 inches (91% of 
the 17.27 inches 100-year average), 1990-1991 was 82% 
of normal, and 1991-1992 was 100% of normal. Viewed 
another way, of the 15 years from 1980-1981 to 1994- 
1995, our 3 years were ranked sixth, ninth, and eleventh 
wettest. Thus, although none of our sampling years had 
experienced extremely high rainfall, they were never so 
low that we would expect widespread suppression of 
amphibian breeding activities. Evidence from localities 
that we have visited several times sheds some additional 
light on this problem. At two localities that we visited 
multiple times over several years, we noted a consistent 
pattern of presence and absence of species regardless of 
yearly rainfall: A. californiense and P. regilla larvae 
were always present, whereas the other species were al- 
ways absent. Nevertheless, at our long-term study site at 
the Hastings Reservation in Monterey County, H.B.S. has 
found that A. californiense, P. regilla, and T torosa lar- 
vae are reliably present regardless of rainfall but B. 
boreas tadpoles and metamorphs fluctuate much more 
with rainfall patterns (Shaffer & Koenig, unpublished 
data). Although the data are less complete, field work in 
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1993-1994 and 1994-1995 by RNF in southern Califor- 
nia (San Diego, Orange, and Riverside counties) demon- 
strates a similar species-specific effect: B. boreas and 5. 
hammondii show year-to-year variation in recruitment 
depending on rainfall patterns, whereas P. regilla is a 
more consistent breeder across years (Ambystoma and 
Rana do not occur at these sites). Thus, it is possible 
that the relatively severe declines we observed in B. 
boreas and S. hammondii are in part due to reduced 
breeding activity associated with moderate rainfall dur- 
ing 1990-1992. Nevertheless, we did observe some 
breeding in all species in all years, which confirms that 
there was sufficient rainfall to induce breeding in the re- 
gions we were sampling. Finally, even if the apparent 
decline in some species is partially a ftinction of rainfall 
patterns, it points out the inherent demographic instabil- 
ity in these taxa and their potential susceptibility to con- 
tinual habitat modification. In particular, species that un- 
dergo large yearly fluctuations in population size may be 
extremely sensitive to habitat changes that interfere 
with recolonization success compared to species that 
maintain relatively constant population sizes across 
years (Travis 1994). 

What mechanism, or set of mechanisms, might be 
causing amphibian declines in the Great Central Valley 
of California? In western North America the primary can- 
didates identified to date are increased ultraviolet (par- 
ticularly UVB) radiation (Blaustein et al. 1994a), and in- 
troduced predatory species (Moyle 1973; Hayes & 
Jennings 1986; Bradford 1989; Bradford et al. 1993). Al- 
though we have no data on LTVB as a mechanism for de- 
cline in the Central Valley, it may be an important factor 
in the decline of several species in Oregon (Blaustein et 
al. 1994a). However, over the range of habitats we ex- 
amined, declines are most severe at low elevations, 
where the harmful effects of UVB should be lowest. 
Thus, in the absence of direct evidence on ambient UVB 
levels, it does not appear to be a major stressor in the 
Great Central Valley system. 

Consider the causal hypothesis that introduced spe- 
cies are a potential mechanism of decline, rather than a 
spurious correlation. Most introduced exotics are rela- 
tively recent components of the freshwater fauna of Cal- 
ifornia (Moyle 1976; Moyle et al. 1982; Moyle 1986; 
Leidy & Fiedler 1985; Swift et al. 1993) and are concen- 
trated at elevations below 150 m in our surveys (Fig. 
8A). If introduced species have caused declines, then (1) 
native amphibians should currently be missing from low 
elevations where exotics are common, and (2) there 
should have been a historic restriction to higher mean 
elevations in the native amphibians as they are elimi- 
nated from low-elevation sites. Both of these predictions 
are borne out by our analysis (Table 1, Figs. 8 & 9), and 
it appears most strongly in the Sacramento Valley (Fig. 
1). The same process may be in effect in the Coast 
Range (Fig. 1), although there is apparently still suffi- 

cient unaffected habitat in most counties that our very 
conservative estimate of decline has not yet registered in 
this region. However, we predict that widespread de- 
clines will become apparent if exotic species continue 
to spread in low-elevation Coast Range habitats. A differ- 
ent pattern seems to be in effect in the San Joaquin Val- 
ley (Fig. 1), where we found few introduced exotics yet 
catastrophic amphibian declines. The San Joaquin is the 
most intensively farmed and most modified of the three 
regions. One plausible interpretation of amphibian de- 
clines here is that the few remaining valley floor ponds 
and pools have been so affected that they are no longer 
habitable even for introduced species (Ohlendorf et al. 
1988; Parker & Knight 1992; Saiki et al. 1992). Thus, the 
only remaining habitat in the region consists of higher- 
elevation sites that seldom contain exotics. 

Teasing apart the independent and combinatorial con- 
tributions of multiple factors, including increased UVB 
(Blaustein 1994) and exotics, presents a major challenge 
to reversing amphibian declines. For UVB there is rea- 
sonable documentation that ambient levels can cause 
embryonic mortality for some species (Blaustein et al. 
1994a). For exotics all three introduced categories have 
been shown to prey on congeners of our native species 
either experimentally or in the field (L. Kats, personal 
communication; P. Trenham, personal communication; 
Werschkul & Christensen 1977; Hammerson 1982; Jen- 
nings & Hayes 1985; Kats et al. 1988). Unfortunately, in- 
troduced exotics tend to thrive in highly modified habi- 
tats, confounding habitat modification and degradation 
with the actual exotic predator as the real source of de- 
cline (Moyle 1973; Moyle 1976; Moyle et al. 1982; Leidy 
& Fiedler 1985; Baltz & Moyle 1993; Swift et al. 1993). 
However, our frequent observation of successfuil breed- 
ing activity by native amphibians in extremely modified 
breeding sites as long as they were free of exotics (Barry 
& Shaffer 1994; Shaffer & Fisher unpubl.) supports the 
interpretation that the exotic species themselves are an 
important element in the path to decline and local extir- 
pation. More complex interactions may also be taking 
place; for example, it is possible that introduced exotic 
predators force egg-laying or young tadpole develop- 
ment to occur in shallow water where the effects of 
UVB are more severe. 

We agree with Reznick et al. (1994) that the historical 
approach we have taken in this study provides a defensi- 
ble, rapid method for assessing population trends over a 
suitable geographic scale, and we encourage others to 
conduct similar surveys for other large regional biotas. 
To date, only a handful of historical trend analyses have 
been conducted on amphibians in the western United 
States (Corn et al. 1989; Fellers & Drost 1993; Drost & 
Fellers 1994), and we have very little information on the 
patterns of historical decline or introduced species in 
other parts of the world (e.g., Inger & Voris 1993; Rich- 
ards et al. 1993). Althlough many regions lack the neces- 
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sary museum records to document historical shifts, 
there are enough with reasonable, long-term collections 
to assess distributional shifts in community assemblages 
over a range of habitat types. Such analyses, in combina- 
tion with ongoing research programs quantifying local 
population demography and experimental analyses of 
mechanisms, may be the best strategy to define and to 
begin reversing trends in amphibian declines. 

Acknowledgments 

We thank all those who provided assistance in the field: 
S. Rollmann, S. Stanley, M. Meyers, P. Ustach, J. DiDo- 
nato, A. Gluesenkamp, D. Irschick, J. King, K. Lappin, M. 
Littlefield, C. Austin, and S. Sweet. Historic data were 
supplied by J. Vindum of the California Academy of Sci- 
ences and J. Rodriguez of the Museum of Vertebrate Zo- 
ology. A. Blaustein, T. Case, M. Hellberg, R. Heyer, E. 
Main, R. Radtkey, T. Schoener, M. Vicario, D. Wake, H. 
Wilbur, and one anonymous reviewer critically read ear- 
lier versions. S. Stanley and S. Rollmann provided lab as- 
sistance. M. Jennings supplied unpublished distribu- 
tional data. J. Brode, C. Brown, D. Duncan, R. Hansen, 
and A. Roest provided additional locality information. J. 
Froke, J. Grant, N. Nediff, P. Patrick, M. Stromberg, E. 
Tanaka, and M. Urittia, in particular, provided access to 
land. The Department of Air and Water Resources (Uni- 
versity of California, Davis) provided rainfall data. As- 
pects of this work were supported by the California De- 
partment of Fish and Game Inland Fisheries Division (FG 
9422), the National Park Service/NBS, NSF BSR 90-18686, 
and the UC Davis Agricultural Experiment Station. 

Literature Cited 

Baltz, D. M., and P. B. Moyle. 1993. Invasion resistance to introduced 
species by a native assemblage of California stream fislhes. Ecologi- 
cal Applications 3:246-255. 

Barinaga, M. 1990. Where have all the froggies gone? Science 247: 
1033- 1034. 

Barry, S. J., and H. B. Shaffer. 1994. The status of the California Tiger 
Salamander (Amnbystonci cacll{forniense) at Lagunita: a 5o year uLp- 
date. JouLrnal of Herpetology 28:159-164. 

Blaustein, A. R. 1994. Chicken little or Nero's fiddle? A perspective on 
declining amphibian populations. Herpetologica 50:85-97. 

Blaustein, A. R., and D. B. Wake. 1990. Declining amphibian popula- 
tions: a global phenomenon? Trends in Ecology and EvoluLtion 5: 
203-204. 

Blaustein, A. R., P. D. Hoffman, D. G. Hokit, J. M. Kiesecker, S. C. 
Walls, and J. B. Hays. 1994a. lN repair and resistance to solar UV-B 
in amphibian eggs: a link to population declines? Proceedings of 
the National Academy of Science of the United States of America 
91:1791-1795. 

Blaustein, A. R., D. G. Hokit, R. K. O'Hara, and R. A. Holt. 1994b. 
Pathogenic fungus contributes to amphibian losses in the Pacific 
Northwest. Biological Conservation 67:251-254. 

Blaustein, A. R., D. B. Wake, andl W. P. Sousa. 1994c. Amphibianl ne- 
clines: judging stability, persistence, andl susceptibility of poptLla- 
tions to local and global extinctions. Conservation Biology 8:60-71. 

Bradford, 1). F. 1989. Allotypic distribution of native frogs and intro- 
duced fislhes in hiiglh Sierra Nevada lakes of California-implication 
of the negative effect of fish introdLuctions. Copeia 1989:775-778. 

Bradford, I). F., F. Tabatabi, and I). M. Graber. 1993. Isolation of re- 
maining populations of the native frog, Rcmci muIscosu, byT in1tro- 
duced fishes in Sequoia and Kings Canyon National Parks, Califor- 
nia. Conservation Biology 7:882-888. 

Bury, R. B , andl R. A. Luckenbach. 1976. Introduced amphibians and 
reptiles in California. Biological Conservation 10:1- 14. 

Corn, P. S., and J. C. Fogelman 1984. Extinction of montane popula- 
tions of the nortlhern leopalrd frog (Ranai pifiens) in Colorado. 
JoUrnal of Herpetology 18:147- 152. 

Corn, P. S., W. Stolzenburg, and R. 13. Bury. 1989. Acid precipitation 
studies in Colorado and Wyoming: interim report of sulveys of 
montane amphibians and water chemistry. Biological report 
80(40.26). UI.S. Fislh and Wildlife Setrvice, Washington, D.C. 

I)odd, C. K. 1992. Biological diversity of a temporary pond lherpeto- 
fauna in north Florida sandhills. Biodiversity and Conservation 1: 
125-142. 

I)rost, C. A., and (G. M. Fellers. 1994. I)ecline of frog species in tlle 
Yosemite section of the Sierra Nevadla. National Biological SuLrvey, 

UJnliversity of California, I)avis. 
Feaver, P. E. 1971. Breeding pool selection and larval mortality of tlhree 

California amphibians: Amnb'stomon tiar/nimn calzJifoniense Gray, 
H'la 44 icyi/ Bairnl and (Girard, and .Sa-(p/ioptts cmnmnondii Girard. 
M.S. tlhesis. Fresnlo State College, Fresno, California. 

Fellers, G. M., and C. A. D)rost 1993. I)isappearance of tlle Cascades 
frog Ramna c(iscadue at the soutlherln end of its range, California, 
tUSA. Biological Conservation 65:177- 181. 

Fisher, R. N 1995. Tracing hunman impacts in natural systems: geckos 
in the Pacific and amphibians in the Central Valley. Ph.D. disserta- 
tion. Univelrsit) of California, I)avis. 

(iruLbb, J. C. 1972. I)ifferential predation by Gaeinibiusiai aifJilsis on the 
eggs of seveln species of anuran amplhibians. Americall Midland 
Naturalist 88:102-108. 

Hairston, N. (G., and R. I1. Wiley. 1993. No decline in salamander (am- 

phibia, caldata) populations-a 20-year stuLdy in the soutlhern Ap- 
palachians. Brimlevana 18:59-64. 

Hammerson, (J. A. 1982. Bulllfrog eliminating leoparld frogs in Colo- 
rado? Herpetological Review 13:115-116. 

Hayek, L.-A. C., and M. A. Buzas In press. Surveying natural popuLla- 
tions. Columbia UJniversity Press. New York. 

Hayes, M. P., and M. R. Jennilngs. 1986. Decline of ranid frog species in 
westerln Nortlh America: are buLllfrogs (Ranci ca ttesbeianca) respon- 
sible? Journal of Herpetology 20:490-509. 

Heyer, W. R. 1979. AnllUal variation in larval amphibian populations 
witlhin a temperate pond. Journal of the Washington Academy of 
Science 69:65-74. 

Heyer, W. R., M. A. Donllelly, R. W. MeDiarmid, L.-A. C. Hayek, and 
M. S. Foster, editors. 1994. Measuring and monitoring biological di- 
v7ersity: standard methods for amphibians. Smithsonian Institution 
Press, Washington, I).C. 

Hickman, J. C., editor. 1993. Thle Jepson manual: Higlher plants of C ali- 
fornia. Uniiversity of California Press, Berkeley. 

Inger, R. F., and H. K. Voris. 1993. A comparison of amphibian com- 
munities tlhrouLghl time and from place to place in Bornean forests. 
Journal of Tropical Ecology 9:409-433. 

Jennings, M. R., and M. P. Hayes. 1985. Pre-1900 overharvest of California 
retl-leggetl frogs (R(mna aur-ora( cl(rcto,nf): the inducement for bull- 
frog (Raina c(ltesbei(Il(I) introtduction. Herpetologica 41:94-103. 

Kagarise Sherman, C., and M. L. Morton. 1993. Population declines of 
Yosemite toads in the eastern Sierra Nevada of California. Journal 
of Herpetology 27:186-198. 

Kats, L. B., J. W. Petranka, and A. Sib. 1988. Antipredaltor defense and 
the persistence of amphibian larvae with fishes. Ecology 69:1865- 
187(0. 

Leidy, R. A., anld P. L. Fiedler. 1985. Human disturbance and pratterns 

Conservation Biology 
Volume 10, No. 5, October 1996 



Fisher & Shaffer Decline of CaliforniaArnpbibians 1397 

of fish species diversity in the San Francisco Bay drainage. Biologi- 
cal Conservation 33:247-268. 

McCoy, E. D. 1994. "Amphibian decline": a scientific dilemma in more 
ways than one. Herpetologica 50:98-103. 

Moyle, P. B. 1973. Effects of introduced bullfrogs, Rana catesbeiana, 
on the native frogs of the San Joaquin Valley, California. Copeia 
1973:18-22. 

Moyle, P. B. 1976. Inland fishes of California. University of California 
Press, Berkeley. 

Moyle, P. B. 1986. The invasions of fish into California. Pages 151-179 
in H. A. Mooney and J. A. Drake, editors. Ecology of biological inva- 
sions of North America and Hawaii. Springer-Verlag, New York. 

Moyle, P. B., J. J. Smith, R. A. Daniels, T. L. Taylor, D. G. Price, and 
D. M. Baltz. 1982. Distribution and ecology of stream fishes of the 
Sacramento-San Joaquin drainage system, California. University of 
California Publications, Zoology 115. 

O)hlendorf, H. M., R. L. Hothem, and T. W. Aldrich. 1988. Bioaccumula- 
tion of selenium by snakes and frogs in the San Joaquin Valley, Cali- 
fornia. Copeia 1988:704-710. 

Parker, M. S., and A. W. Knight. 1992. Aquatic invertebrates inhabiting 
saline evaporation ponds in the southern San Joaquin Valley, Cali- 
fornia. Bulletin of the Southern California Academy of Science 91: 
39-43. 

Pechmann, J. H. K., D. E. Scott, R. D. Semlitsch, J. P. Caldwell, L. J. Vitt, 
and J. W. (Gibbons. 1991. Declining amphibian populations: the 
problem of separating human impacts from natural fluctuations. 
Science 253:892-895. 

Pechmann, J. H. K., and H. M. Wilbur. 1994. Putting declining amphib- 
ian populations in perspective: natural fluctuations and human im- 
pacts. Herpetologica 50:65-84. 

Reznick, D., R. J. Baxter, and J. Endler. 1994. Long-term studies of trop- 

ical stream fish communities: the use of field notes and museum 
collections to reconstruct communities of the past. American Zool- 
ogist 34:452-462. 

Rice, W. R. 1989. Analyzing tables of statistical tests. Evolution 43: 
223-225. 

Richards, S. J., K. R. McDonald, and R. A. Alford. 1993. Declines in 
populations of Australia's endemic tropical rainforest frogs. Pacific 
Conservation Biology 1:66-77. 

Russell, R. W., and J. I). Anderson. 1956. A diisjunct population of the 
long-toed salamander from the coast of California. Herpetologica 
12:137-140. 

Saiki, M. K., M. R. Jennings, and T. W. May. 1992. Selenium and other 
elements in freshwater fishes from the irrigated San Joaquin Valley, 
California. Science and the Total Environment 126:109-137. 

Shaffer, H. B., R. A. Alford, B. D. Woodward, S. J. Richards, R. G. Altig, 
and C. Giascon. 1994. Quantitative sampling of amphibian larvae. 
Pages 130-141 in W. R. Heyer, M. A. Donnelly, R. W. McI)iarmid, 
L.-A. C. Hayek, and M. S. Foster, editors. Measuring and monitoring 
biological diversity: standard methods for amphibians. Smithsonian 
Institution Press, Washington, D.C. 

Swift, C. C., T. R. Haglund, M. Ruiz, and R. N. Fisher. 1993. The status 
and distribution of the freshwater fishes of southern California. Biul- 
letin of the Southern California Academy of Science 92:101-167. 

Travis, J. 1994. Calibrating our expectations in studying amphibian 
populations. Herpetologica 50:104-108. 

Trenerry, M. P., W. F. Laurance, and K. R. McDonald. 1994. Further ev- 
idence for the precipitous decline of endemic rainforest frogs in 
tropical Australia. Pacific Conservation Biology 1:150-153. 

Werschkul, D. F., and M. T. Christensen. 1977. Differential predation 
by Lepomis inacrochirus on the eggs and tadpoles of Ranam. Her- 
petologica 33:237-241. 

R , 

IL~~~~~~~~ 

)~~~~~~~~~~~~~~~~~~~~ 
-I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(Conlsenationl Biolog) 
VoluLme 10, No. 5, Octobcr 1996 


	Article Contents
	p. 1387
	p. 1388
	p. 1389
	p. 1390
	p. 1391
	p. 1392
	p. 1393
	p. 1394
	p. 1395
	p. 1396
	p. 1397

	Issue Table of Contents
	Conservation Biology, Vol. 10, No. 5 (Oct., 1996), pp. 1307-1486
	Front Matter [pp. ]
	Editorial: The Art of Unintelligent Tinkering [pp. 1307]
	Conservation Education
	Sustainability: A Touchstone Concept for University Operations, Education, and Research [pp. 1308-1311]

	Directions in Conservation Biology: Comments on Caughley [pp. 1312-1320]
	Implications of Phylogenetic Studies for Conservation of Genetic Diversity in Shiitake Mushrooms [pp. 1321-1327]
	The Human Dimension in Conservation Biology Curricula in Developing Countries [pp. 1328-1331]
	Conservation Prioritization Using GAP Data [pp. 1332-1342]
	Null Models for Assessing Ecosystem Conservation Priorities: Threatened Birds as Titers of Threatened Ecosystems in South America [pp. 1343-1352]
	Application of Fragmentation and Variegation Models to Epigaeic Invertebrates in South Africa [pp. 1353-1358]
	Open Corridors Appear to Facilitate Dispersal by Ringlet Butterflies (Aphantopus hyperantus) between Woodland Clearings [pp. 1359-1365]
	Use of Riparian Buffer Strips as Movement Corridors by Forest Birds [pp. 1366-1379]
	Effects of Clearcutting on Habitat Use and Reproductive Success of the Ovenbird in Forested Landscapes [pp. 1380-1386]
	The Decline of Amphibians in California's Great Central Valley [pp. 1387-1397]
	DNA Repair Activity and Resistance to Solar UV-B Radiation in Eggs of the Red-Legged Frog [pp. 1398-1402]
	The Genetic Diversity of Native, Stocked, and Hybrid Populations of Brook Trout in the Southern Appalachians [pp. 1403-1412]
	Molecular Genetics of Pre-1940 Red Wolves [pp. 1413-1424]
	A Hierarchical View of Genetic Structure in the Rare Annual Plant Clarkia springvillensis [pp. 1425-1434]
	Analyses of Globally Threatened Anatidae in Relation to Threats, Distribution, Migration Patterns, and Habitat Use [pp. 1435-1445]
	A Decision-Support System for Prioritizing Restoration Sites on the Mississippi River Alluvial Plain [pp. 1446-1455]
	Dimensionless Life Histories and Effective Population Size [pp. 1456-1462]
	Research Notes
	Responses to a Model Predator of New Zealand's Endangered Takahe and Its Closest Relative, the Pukeko [pp. 1463-1466]
	Population Viability Analysis for Two Isolated Populations of Haianan Eld's Deer [pp. 1467-1472]

	Comments
	"Subdivisions versus Agriculture": From False Assumptions Come False Alternatives [pp. 1473-1474]

	Book Reviews
	Intensive Conservation Education [pp. 1475-1476]
	Pioneering Book on Invertebrate Conservation [pp. 1476-1477]
	A Desktop Reference for Conservationists [pp. 1477-1478]
	Taking Stock of Global Bird Conservation [pp. 1478-1479]
	Astronomy and Animals on Mt. Graham [pp. 1479-1480]
	U.S. Biodiversity Status Report [pp. 1480-1482]
	Web of Causality Underlies Destruction [pp. 1482-1484]
	Six-Legged Future [pp. 1484-1485]
	Biodiversity in Australia [pp. 1485-1486]

	Back Matter [pp. ]





