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1Sffects of Nonnative Trout on Pacific Treefrogs (Ifyla regilla) in the, 
Sierra Nevada 

K~T)ILEEN K. h'L4'lT1-1EW~, KAREN L. POPE, ~ ~ U C A N O U S H  K. PREISLER, AND 
1UM kf m ) s k  

ROL.AND A. KNAPP h ~ k d r ' d  
We used a+ hased on mmeys of > 1 3 0  water hodies in a 100,000ha area 

in the John Muir Wiildcmm PlW) and Rings Canyon Natiod Pa&(Km) to 
determrne the ~fiuence of nornative trout on the distribution imd abundance of 
Hyla regiUo in the I I i  Siqrn Nevada At the laadscape scale UMW compsed to 
K W ) ,  a negative relationship between trout and frogs in lnkes wa9 evident. In the 
JhiW study area where trout are more nbundant, only 7.2% of all water hodies 
contained H. ~~@llrr versus 26.6% in the KCNP study area. Also, the percentage of 
the total water body surface area containing H. regill0 was 19.4 times higher in the 
KCNP study area Lhan in the JMW study area Hyla reg& were most abundant in 
portions of KCNP where the probability of finding lakes with trout is lowest and 
least abundant in the uorhern part of the JMW where the probability of fmding 
lakes with trout is highest At the water body scale, after accounting for the effects 
of aU sigaificant habitat and isolation variables. the odds of finding H. nrglih in 
water bodies with no trout wae 4.4 timw greater than in water bodesr with trout, 
and the expected number of H. regilla in water hodies with H. qilh and without 
trout was 3.7 times greater than in water bodies with both H. tpg& and trout. Hyla 
regilk were fiigaificantly more likely to be found at the lower elevations (3000-3400 
m) compared to higher elevations (3400-3800 m) and in shallow water bodies with 
high percentages of silt in near-shore habitnts. Our study demonstrates n negative 
relationship between fish presence and H. @Ila disiribution and abundance in Iakes 
and suggests that H. reg& has declined in portions of the Hiih Sierra with high 
numbers of troutcontaining lakes. It adds an additional native species to the mount- 
ing evidence of landscape-scale declines of native species resulting from the in- 
dudion of predatory fish. 

S E\ERAL species of axiphibiar~s h m  de- 
clined i r ~  the Sierra Nevada t)f Cdiornia 

(Drost and Fellers, 1996; Matthews and Knapp, 
1999; Knapp and Matthews, 2000) even though 
the nr~jority of the land is within national parks 
and U.S. Forest Service wilderness areas. Am- 
phibians were the most ubiquitous vertebrate 
within the historically fishless aquatic habitats of 
the I-Iigh Sierra Nevada (e.g., Crinnell and Stcr 
rer, 1924). tiowever, within the past century, 
rri>ut have been intrtxtuced to & ~ e  majority of 
the large witer btdies of the High Sierra ant1 
are at least partially responsible for the dramatic 
declines reported UI some amphibi ;~~ popula- 
tions (Kr~app and Matth~~vb, 2000). For exam- 
ple, recent studies (Braciford et al., 1994; L a p p  
and hlatthews, 2000) have documented that the 
once common ~nountain yellow-legged frog, 
fizrin mrismw, has declined in the Sierra Newda 

National Park Service rerlnir~ated fish stockinrr ., 
LO reduce impacts to native species. In contrast, 
the adjacent John Muir Wilderness (JMW) is 
inanaged by the IJ.S. Forest Service, and intrtr 
duced fish are currently more abundant be- 
cause of higher historical l5vels of stocking and , 
continued fish st.ocking. 

Introduced fish have exerted a strong rffect 
on the distribution and abundance of R. mzrs- 
msn, apparently because of its unique life his  
tory where the larvae are frequently found in 
water bc~dies d e e p r  th& 2 nl, the same ha't)it;it.s 
into which fish h k r  n~ost frequenlly been intrtr 
duced (Bradford et al., 1994; Knapp and Mat- 
Lhews, 2000). Moreover, R mzum.wz larvae over- 
winter 2-3 yr and are therefore exposed to pre- 
d a h n  pressure for an extended period. 

The Pacific treefrog, !?$la rig ilk^, is commonly 
found in qmpatry with mounrahi yellow-legged 

in large part because of the introduction of fi-ogs in the highelevation lakes, ponds, and 
nonnative trout. Knapp and Matthews (2000) streams of the Sierra Ntvada. The Pacific tree- 
found R muscosa were more abundant in Kings frog is the most abundant amphibian in western 
C a ~ p n  National Park (KCmP) where intro- Nortli America (Brattstl-om and Warren, 1955). 
duced fish are less cormion because of histori- occurs from sea Itvel to 3540 rn (Stebbins, 
cally lower levels of fish stocking and where the 1985). and ca l  be found in a variety of aquatic 
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habit2lt.s including high-elevation lakes and 
ponds throughout. the Sierra N e ~ ~ d i i  (Storer 
and Usinger, 1963). Seveml studies have con- 
cluded thiit H. regilla popnl;itions, in contrast to 
nlany other anlphjbjarls in the western United 
States, do not show evidence d decline (Fisher 
and Sllaffer, 1996) or possibly declining but 
otlly at higher elevations (Drost arid Fellers, 
1996). Indeed, it is difficult to determine whelh- 
er populations of H. r~gilh are declining be- 
cause they are so ubiquitous, populations fluc- 
tuate naturally, and there h ~ v e  not been any 
published studies of long-term population 
trends. However, if distribution and abundance 
patterns uf H. regilk ark shown to be restricted 
or reduced in areas with a specific known threat 
(i.e., introduced t.r(olt) across a hrndscape, we 
may conclude that the threat is affecting at 1e;lst. 
local populat.ion levels. - - 

(:on~p;ired to R. rnwcosu, If. regiih~~oay not be 
as .vulnerable to ulltrc~duced fish. becsuse 1-1. m 
gillrz c;in breed successflully in shallow ephem- 
eral ponds,  adult^ are more terrestrial, and lw- 
w e  rne~unorphose within one season (Schaub 
and Lar.wn, 1978). Even so, in aquatic ecosys- 
tems t)f the High Sierra Nevada, PI-eclation by 
introduced tro~it on the egg and larval stages of 
H. regilk may be strong enough to influence the 
current distrihuticm and abundance of H. replh 
on both a local and landscape scale. 

We used analyses based on surveys of > 1700 
water bodies in a 100,000.ha area in the JMW 
and KCNP to determine whether the distribu- 
tion of trout. affects the dist-ributitio and ahun- 
dance td IT. regilla. In the JMM7 st.uciy area, 65% 
of water btxdies > 1 h;i are stocked with trout 
(O~lcmhymhu.s sp.) on a regular basis, whereas 
stocking of lakes in rhe KCNP sturly area was 
phiised out starting in 1977 (Califorr~ia Ilept of 
Fish and Garrle and Kings Canyon National 
Park, unpubl. fish stocking records). All water 
bodies in the study area were historically fish-' 
less. To analyze effects occurring on a hndscape 
scale,*we used the difference in fish distribution 
in the WlW and KCNP to deternzine whether 
introduced trout influence the present distri- 
bution of H. regilln within the study area. In the 
JMW stldy area, 29% of all water bodies con- 
tained trout, whereas only 20% of all water bod- 
ies in KCNP contained trout (Kniipp and Mat- 
thews, 2000). In addition, the percentage of the 
total waler bociy surfiict: area occupied ly !.rout 
was nearly tsvice ;is high in the JMW (88%) sludy 
area t11ar1 in the KCNP (.52%) s~udy area 
(Kniipp iind Matttlews, 2000). If introduc:ed 
trout influence the distribution of H. rqplk~, a 
smaller proportion of water bodies in the JMSV 
study area sho~lld contain treefrogs hari ttle 

KClNt? stildy area. At. the water body sci~le, we 
predicted t.hat. there woilld be a higher proha- 
bility of finding Id. regilln in water bodies with- 
out trout than in water bodies with trout.. In iid- 
dition, ~ve'assessed whether the abundance of 
H. wgilk is lower in habjtals where hey over1;ip 
with fish compared to similar ;ireas without fish. 
To account for. possible confounding habiut., 
isolation, tenlpol-al, and spatid effects, we used 
generalized additive regression models (Haslie 
and Tibshkani, 1990) for the analyses. 

. . , . Between 1995 an- 
w;r ter b o d j w g  J-~~IJJ$W& 
areas. More detailed habitat descriptions, nieth- 
Grid a map of the sh~dy area >ire found in 
h a p p  and Matthews (0000). Water btdies were 
identified from U.S. Geological Survey (USGS) 
1:24.000 topographic maps and included 669 
anci 10.59 water bodies in the Jh4W ;ind KCNP 
study areas, respectively. 111 the field, all un- 
nyapped water k)dies encountered (with t t~e  ex- 
ce&n of ice-bound water bodies) were sur- 
veyed and were la~cr  lidded to the GIs lake cov- 
erage. Using this sampljrlg approach, essentially 
all ponded water within the JMMT and KCNP 
study areas was inclnded in our surveys. Surveys 
were conducted during the warm summer 
months when most water bodies were ice-free, 
and fish and h g s  were active. Water bodies in 
the JMW study Lea were surveyed during 23 
Aug~~st, to 15 September 1995 and 22 July to 13 
September 'l9!)6. Surveys in the KCNY study 
area were contfl~cted from 29 June to 15 Sep 
ternber 1997. Most of the precipitation in the 
s t ~ ~ d y  area falls as sr~c)rv, and snowfall in 1995. 
1996, and 1997 was 16876, 108%. and 100% of 
the average, I-espectively (CXionlia Depart- 
nlent td Water Resourcds,' 1998, uripubl.) . . 

Frog rmrl .fib .wrr/~.q.-The ~lurnber of H. mgiUrz 
at each water body was determined using vis~ial 
encounter surveys (Grump, and Scott, 1994) of 
the entire Boreline. During warm sunlmer 
days, larvae occur ahnost, exclusively in shallow 
wat.er near shore and are easily detected even 
in the deepest lakes using shoreline searches. 
However, subadults (recent metamorphs) and 
ad111t.s m;iy only be in likes'or ponds for ;i short 
period during breeding or just after metanior- 
bhosis. As a result., the chance of encount.ering 
subadillts and adults is reduced when sampling 
ponds and lakes. 'Thus, for iin;ilyses, we com- 
bined all life-history stages of weefrogs. l i  pre- 
sent, we counted the number of adult and s ~ l b  
adult ji.e., postmetanorphic) frogs and larvae 
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and used these counts as a measure of abnn- 
dance. The presence or absence of' trout.was 
determined at each water body using visual en- 
counter surveys in shallow water bodies or gill- 
nets in deep bakes. 

Hahitat ksnip1wt~.-Tro characterize the'physic;il 
attributes of each wxkr body, we used infor- 
mation on water btdy elevation, surface area, 
m&murn.depth, littoral zone (i.e., near-shore) 
hubstrate composition, stream connectivity, and 
isolation from other water bodies. M7ater body 
elcqxtion and surface area were obtained fi-on1 
USGS 1:?4,000 topographic maps. hlaximum 
lake depth was determined by sounding with a 
weighted line. We determined near-shore suh- 
strate composition by vis~~ally estimating the 
dominant subst~ite along approximiitely 50 I m  
long tfimsects evenly spaced-md perpebdic~llar 
to the water I)ody shorelirie. S11t)st.rat.e~ were cat- 
egorized ;is silt ((. 0.5 mm), sand (O..5-2 rn~n), 
gravel (> 2-75 mm), cobble (> 75-300 mm), 
boulder (> 300 nun), or  bedrock. 'The per- 
centage of the littola1 zone occupied by aquatic 
vegetation wxs determined by noting irs pres- 
ence or absence at each trar~sect 

Strewn connectivity was represented by the 
presence /absence of inlet streams, which was 
recorded during shoreline surveys. Only those 
streams wider than 10 cm were included. The 
spatial location (UTMs) of the water bodies and 
two measures i f  water hody dyjsolation were cal- 
cnhted using a geographic information system. 
The water hody isolation variables were the 
number of lakes (water bodies with surfitce ;trea 
2 0.5 tra) willlit1 1 km of the shoreline of each 
water body, and the n~lrnber of ponds (~vater 
bodies with surface area ( 0.5 ha) within 250 
m of the shoreline of each water body. To c:;il- 
culate these iwlauon measures for the I728 sur- 
veyed water bodies. only those water bodies 
within the smle drxinage as the target water 
body were considered. 

Data analysis.-We conducted analyses at two 
spatial scales: the landscape scale and water 
body scale. fhahjses at the landscape scale in- 
volved compariscms of the estimated percentage 
of wtter htxlies occupied by introduced trc>ut 
and i-i. @/la in the JMW and K < : y  study areas. 
Also at a landscapr scale, we used nonparamet- 
ric logistic regression to study the spatial pat- 
tern of preser~ce/al~sence of H .  regilln and trout 
across the landsrape. Specifically, we modeled 
the  robab ability ofthe bir~ary response Y; (pres- 
ence/absence of H. qi l t !a  or trout at lake i) with 
east and north UTM coordinates (UTM,, 
UTM,) , by the formula 

We estimated the linear predictor 0, as a filnc- 
tion of 1J'I'M coordinates using the nonpard- 
meteric smoothei loess (lo) within the frame- 
work of genen~lixed additive models (Hastie 
and Tibshin~ni, 1990). We used tbe likelihood 
ratio statistic to test whether H. r~gilln or tro~lt 
are distributed homogeneously throughout the 
landsape. 

At the scale of individual water bodies, we 
used se~niparametric logistic regression to quan- 
tifv the effect of trout presence/absence on the 
probability of finding H. regilln in a water body 
with particular habitat and isolation character 
istics. This wa.9 dome by fitting the model in 
equation (1) with a lhetu predictor 0, given by 

where Jish, inLt.r, and yem are categorical vari- 
ables indicating p~exnce/absence of fish arid 
i11et.s and specific year of survey, and lo(.) is a 
nonp;iratnetric smooth filnction of the coviiria- 
tes. The covariates XI, . . . , X, wrre water body 
elevation. square rtwt of surface area, maxi- 
mum depth, percent sib, day of simple (day 
number starting fronl 1 January), nurnber of 
lakes within I km, ;ind the number of ponds 
within 2.50 m. Only one shoreline substrate cat- 
egory was used (percent silt) to minimize collin- 
earity. The spatial surface, represented by 
lo(UThf,, UTMJ, can be viewed as a surrogate 
for any habitat characteristics at locations with 
coordi~laies (UTbfo UTMJ that were not mea- 
sured but that might have an effect on the prob- 
ability of I-I. regilln presence (I-Iobert et ;11., 
1!397). Year of siirvey was incll~ded in the model 
to account for the possible effects of differences 
in H. regilln recruitment from year to year and 
to eliminate the possible effects of interannual 
differences in surveyor I~i;ls or experience. M'e 
used the likelihood ratio statistic and the Ak;ike 
information criteria (AIC:; Iinhart and Zucchi- 
ni, 1986) to determine t.hr significance and rel- 
ative importance of each covariate in equation 
(I)  in the presence of all other covariates. 

We used the estimated fish effect from equa- 
tion ( l ) to estirnate the rhange in the odds of  
finding &I. regilk in r he presencr versus absence 
of t.rout after having controlled for the effects 
of all significant habitat/isolation wrriahles 
(Hastie and Tibshirani, 1990). 

We used the logistic regression resul~u lo de- 
velop a weebased regression model (Clark and 
Pregibon, 1993) to further explore the effect of 
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variolls habitat conditions on t.he presence or 
absence of IJ, mgillu in lakes. Tree-based regres 
sion models itre fitted by partitioning the data 
set into ir~creasingly hornogeneous subsets. 'The 
p;irtitions are trasecl on the deviance function 
where the split ha t  rnaxirnizes the ctlarlge in 
deviance is the one chosen at a giver1 partition 
step (likelihood ratio test). \7ariables used in the 
model included elevation, nlaxi~num depth, 
percent silt, day of survey before 1 September. 
number of lakes within 1 km, nunlber of ponds 
within 250 m, and presence or absence of fish. 
For this mtdel, we only used the water bodies 
occurring below 3400 m and that were surveyed 
before 1 September bemuse we wanted to focus 
on specific habitat features that affected the 

KCNP study areas. In the JMW sti~dy area, only 
7.25% of all water bodies contained I-!. r~gillln ver- 
sus 26.6% in the KCNP study area ( X  = 12.8, 
P < 0.001). The ~~ercentage of t t~e  lo~al water 
hotly surFace area containing I-I. rqi/la was 19.4 
times higher in the KCNP study area than in 
the Jh4W study area. 

The spalid patterns of introduced trout ruld 
of H. regiUa hl the study area did not appear to 
be hornogeneous (likelihotd ratio teht statistic 
,I! = 92.9, df = 7.15, P < and P = 138, 
df = 7.06, P .< respectively; Fig. Ill-B). 
The lowest proportion of fish-cuntahing lakes 
are in the southern part t d  the JMW and the 
northern and central portions of the KCNP 
stiidy area. The section of the study area with 

probability o f  occurrence in regions and during highest proportion of lakes with t n ~ l t  is in the 
times when occurrence I V ~ S  most likely. The northern part of  the JMW. ITyh r@lh, on the 
model prrwides the proportion of study bkes 
with specific habitat charat:~ristic:s (e.g., per- 
cent silt > 23 and no fish) that were found lo 
supp~r t  H. w@&I. 

We user1 Poisson regression to w d ~ ~ a l e  the 
effect of tro~lt presence/abse~lce on the rlurn- 
ber of H. r~gilh in lakes with H. rqilla present. 
In this analysis, the dependent variable WAS the 
number d H. w&In observed during h e  sur- 
vcys in lakes containing at least one H. rqilln 
(either larvae, subadult, or adult). The indepen- 
dent variables were fish presence/absence, year 
of survey, water body area, elm-ation, date of 
sample, m=im~lm depth, number of Likes with- 
in 1 km, number of ponds within 250 m, and 
percent silt. For this analysis, we only used lakes 
where [I: regilia were hund  (n = 330), and the 
lower sarr~ple size precl~ideti the use of the spa- 
tial variable. 'The estilnation technique uses a 
n)l~ust procedure and the Pctissou distribution 
within generalized :idditive models (Hastie. 
1993). A robust procedure WAS used because we 
did not wdnt one lake in the davaset that had a 
very large number of H. rp,oilh (estimated at > 
10,000) to have a disproportionate effect on the . 
results. After accounting for the effects of all 
significant habitat and isolation variables using 
the Poisson regression mtdel, we calculated the 
change in the expected number of H. regilln in 
the presence versus absence of trout. All regres- 
sion-related calculations were mad& using SPlas 
2000. 

other hand, appears to be most abundant in the 
middle and soutllern part of KCNP a r ~ c l  least 
;ibunciant i11 the northern par1 of the Jh4W 
where the probabiliry of finding 1;ikes with trout 
is highest (Fig. 1 H). Thus, our landscape scale 
analyses wggested that fist1 presence irlfluer~ced 
tile distribution of H. regilla. This was further 
explored taking habitat wiables into consider- 
a tion. 

The neghtive influence of fish on the pres- 
ence of H, mgilh was signSca1t at the scale of 
individual water bodies after the habitat and 
temporal cha-dcterktics were taken into ac- 
count (Table 1). 'The overall sernipa~lmetric It* 

gistic regression model of .H. kgilh presence/ 
absence was highly significant (n = 1728; P < 
lo-") as was the individual effect of tront pre* 
ence/absence (1' = 2.! X lW4; 'l'ible ' I ,  Fig. 2). 
Based or1 the AIC, the relative order of inlpor- 
tance of the independent variat~les was eleva- 
tion, percent silt, presence/abserlt:e of inlets, 
spatial location, number of lakes within 1 hn ,  
lake area, mlurirrlum depth, fish presence/ab- 
sence, year of survcv, nunlber of p n d s  within 
250 m, and day of survey (Table 1). The most 
highly significant continuous variables (eleva- 
him, percent silt, number of lakes within 1 km, 
lake area, and lake maximum depth) had sig- 
nificant nonlinear effects on the probability of 
tinding H. regilk in a lake (Fig. 2). 'After ac- 
counting for the effects of all significant. habitat 
and isohtion variables, the odds of finding .I-I. 
r~gilla in water btdies with no trout was 2.4 

REsucrs tirnes greater than irl water bodies with tnwt 
(odds ratio, appn)xirnak 95% confidenc:e lim- 

'The first indica~ion that introduced t.rr)ut i~s: 1 ..5-3.7). 
might be exerting ;in influence on the cl~rrer~t  The tree regression (Fig. 3) further illustrates 
distribution of H. regilh~ at the landscape scale the roles of fish and habitat features h i t  influ- 
was the observed difference in h e  percentage ence the probabili? of finding H. regilln i l  a 
of lakes conbining H. regiUa in the JMW and water body. For example, in lakes a1 elt:vdtiOrls 
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Rg 1: Estimated proportion 01 water bodies with (A) introduced trout and (B) Hyln r@Uu within the john 
Muir Wildemeks and Kings Canyon National Park study are%$ (hhck line indicates hnundary hetween the JMW 
and KCNP). 

less than 3100 m sl~rveyed before 1 September If .  r@h increases from 25% in lakes wi1.t~ fish 
( n  =: 502). the probability of finding If. wgilla to 61 % in likes without fish (Fig. 3). 
ir~cleases (Irom 18-52%) with more silt (the The overall rlonparatnetric Poisson rcgres- 
tree wpa-ates lakes with less t.tla11 23% silt and sion of H. rt!gilln abundance was also highly sig- 
lakes with more than 23% silt). In h e  lakes with nificant. ( 7 ~  = 330; P < lo-:), as WAS ihe individ- 
more than 23% silt, the probability of hlding ual effect of trout presence/absence jP= 1.9 X 

TALII~I'. I .  TLST ~~~~[ZVI'LC. QTATLSI'ICL~ SIGNIFICXNC:~ (/WALL.I'.). ,4IGV~~.t:~s, ANLI DML~CTTION O P  EF~~ECI' 0 1 '  Ttll! 
~ A U I A U L Y S  IN .I.H& l..or:lsmc Recm:sslo~ Mooe~ ASSKXVLNG .rtw PUOMIULCIY OF RNDLNG Hyln ngi1L.l .s'r A 1 . ~ 1 ~ .  

Variables ordered by relative signilicar~ce determined by .41C;-value. 

Direrdnn 
Variahlc Tat statistic' IU Pvalue NC" oi rflect 

Elevation 
Percent silt 
Presence/ahsence or inlets 
Spatial distribution (UL'Ms) 
N~mber.oT lakes within 1 krn 
Lake wca 
htaximurn depth 
Fish presence/ahsence 
Year d survey 
N ~ ~ n ~ h e r  d ponds within 250 m 
Dq d survey 

'l'esl liL11intic = 1% l i k e l i h d  ratio scaliktic. 
hN(: = Akaiki informalinn wileria = -2 (ma. Bg likelihoc*l) + 2 (numbel. of parmelem!. 
' M .;; fi~ applicahlc. 
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Number ot lalaa wllhln 1 Ian Sqrl (lake area (Ian=)) Maxlmum depth (m) 

Fig. 2. Fstinlated errerts d fish and significant nonlinear covariates on the probability of Hyh ir@In pres- 
ence in a water body. Dotted lines represent approximate 95% confidence intervals, and horizontal line in- 
dicates the average en'ect level, whereas 9.5% hounds completely abnve or below the line indicate significmre. 
Hatch mark at the bottom of each graph represent datirpints. 

lo-'; Table 2). Based on the AIC, the relative water bodies with both H. regilln and trout (ap- 
order of importance of the signifi cant indepen- proximate 95% confidence limits: 1..b9.3). 
dent variables was silt, fish presence/absence, 
number of ponds within 2.50 m, number of 

Dlsc:uss~o~ 
Lakes within 1 km, elaxtion, and lake area ('Fa- 
ble 2). After accountinn for the effects td all " 
significant habitat variables, the expected num- 
ber of H. rqilln in water bodies with H. regilln 
and without trout was 3.7 times greater than UI 

.I==-? 
Fish Y7 

To our knowledge, this is the first study show- 
ing that nonnative fish exert a negative influ- 
ence on the distribution and abundance of H. 
r~gillrz. Other stutiies of the influence of fish on 
treefrogs are eqnivocal.~ 1':uropean treefrogs 
were largely absent from waters contiiining'fish 
(Bri)nruark and Edetlha~rul, 19Y4), Imt o111er I-/. 
rzgilltz s~udies in Cdifornia either sht)w 110 effcc~ 
of introduced Wout (Bradford et al., 1994) or a 
trend (although not significant) of trout exclud- 
ing H. mgilla (Bradford. 1989). Our study derri- 
onstrates that the presence of fish seems to neg- 
atively affect the presence and abundance d H. 
regilk at both the landscape and water body 
scale. 

Although not surprising that nonnative trout 
impact H. muccosn since they both orcur pre- 
dominantly in very similar habitats in the Sierra 
Nevada (i.e., lakes deeper than 2 m; h a p p  and 
Mattl~ews, 2000), 1% rqilluarcl often reporter1 to 
be associated with shailow ponds whek fish do 

Fig. 3. Tree regression d i a p m  showing the rela- 
tionship of significant ~dridbles in estimating the not occur and they spe11c1 considerably less time 

prohahilit). or finding J I ~ ~ ~  rCeh in a lake where in lakes and ponds compared to R musco.cn. 
n = nllmber orlakes with specified lake T ~ u s ,  it might [lot be expected l.tha~ fish would 
arid 1' = probability finding If. rPfii& based on h e  have such an effect on H. re@lh. Evidently, be- 
given the preceding chluacieristics. cause of the utwnsive fish stocking that has oc- 
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1 . h ~  2. .I'm  TATI IS TIC (fiVALLII), ST,~TLWICAL S~GN~FICA~CII. (I*~'ALLE) .%VD AIGVALUIIS OF THE \'.UIAULL~ IN 

THE ROLICST POLSSON RI!C.KL'ASIC)N Itfo~t:~. THRI. HAL) A SI(:NIFICANT EFI'I!{TI' ON N [ : h ~ ~ l l i ~  OF Hyla ,regilln L N  A 1-AKII. 
Variables ordered by relative significance determined by NNCvalue. 

Percent silt 9.6 304.1 2.4 2.6 X lo-" 3il.l .S 
Fish pre.wnce/ab.wnce 14.2 304.1 1.0 1.9 x 10.' 298.2 
Nutnber a[ ponds with 250 ~n 6.7 304.1 2.7 3.8 X 298.1 
Number oC lakea within 1 km 5.8 304.1 2.7 0.001 296.4 
Elevation 2.9 ' 304.1 3.1 0.039 288.7 
1Ae area 2.7 304.1 3.8 0.032 288.7 

"AIC := ~Uaiki information criteria :: -2 ~mm. log likelil~~mlj + 2 (nulnbev of ptramelrrsj. 

curred in High Sierra lakes managed by the For- 
est Sewice, wen a species that is noted for its 
use of a wide variety of habitat. types (St.ebbins, 
1962) as well as being somewhat resilient. tr, en- 
rironmental ch;inges (Rlailstein et al., 1994) can 
l)e irnpicted by fish iritroductions. Despite the 
shorter period of time that fish and treefrogs 
overl;ip (as a resillt. of the 2-3 m o n ~ h  time to 
If. regdlln rnet;unorphosk), r~onnative trout are 
still having significant effects on H. regillu distri- 
bution and abundance. 

Although H. reg ilk^. do appear to prefer shal- 
low water bodies, we fr)und that the probability 
of finding H. q i U n  in a water btdy was more 
strongly influenced by percent silt in near-shore 
habitad. In lentic habitats in the Sierra Nwada, 
silt is usually found in shallow, low-gradient ar- 
eas in a water body. These areas generally have 
warmer daytime water temperatilres, tempera- 
tures that are f.ar~c>red by H. q i U n  larvrle (Cnn- 
n inghm and MuUally, 1956). Water bodies in 
KCNI' hati over 25% more silt than those in the 
JMW (Krlapp and Matttlws, 2000). This hat)it;it 
difference likely accounts for some of the dif- 
ference in the percentage of Likes iri KCNP and 
the JMW that supp)rt H. rqiU11. However, when 
the difference in silt habimts was taken irito ac- 
count, fish presence/ab.wnce was still highly sig- 
nificar1t in influencing the probability of H. re- 
gilh occurrence. 

The probability of finding H. rqillrz was also 
strongly influenced by wa&r body elevation, 
number of lakes within 1 km, lake area, and 
presence/absence of inlets. hc>\vledge of how 
these envin)nmental fi~ctors influenci the d i s  
tribut.ion of H. rqiUn may he used to predict 
habitats in t.he Sierra Newd;~ where frogs 
should or should not oc:c:nr. I-fyln rcgilln were sig- 
nificantly nlore likely to be found at the lower 
elevatio~is (3000-3400 m) compared to higher 
elevations (34004800  m). The r~lin~ber of lakes 
wiwittrin 1 km, number of ponds ~vittlin 250 m, 

tion factors (Hanski and Gilpin, 1997) may be 
influencing the observed distribution pat.tern. 

Based or1 &iiu study ad results of previous 
rese;lrch, fish have cailsed significant reductions 
in the two historically most common arnptlil~i- 
ans (e.g., Grinnell and Storer, 1924) in the High 
Sierra (R. ~nusrn.sa and /-I. regilln). 'The negative 
I-elationship between fish presence .and H. re&h 
distribution and abundance suggests that H. r e  
gilh has decliried in portior~s of itie I-Iigh Sierra 
with high numbers of stocked lakes. Unlike R 
muscn.yn, which is cilrrently at risk of extirpation 
in m;my parts of the High Sierra, we expect that 
H. regdh will persist even with continued high 
level; of fish stocking, although will not be as 
c ~ ) r ~ ~ m o n  and abundant as it once was. Although 
the threat of fish introductions may not be as 
severe for H. rcgilIa as for R mtlscn.re, it. is iin- 
portant that h e  hrldscaptwcale consequences 
of widespread int.rcoduct.ions of predat.ary fish to 
native species be documented. This study adds 
an additional native species to the mounting ev- 
idence of landscape-scale declines of native prey 
species resulting from the introduction of pred- 
atoly fish (amphibians: Fisher and Shaffer, 
1996; Hecnw and M'Closkey, 1997; Ibapp  and 
Mathews, 2000; ztwplxlk~on: Stoddard, 1987; 
Rradford et al., 19138; Knapp et al. 9001; benthic 
inverkl~rates: Bradford el. d., '1998; Ckrlisle and 
Hawkins, 1998; Knapp et al. 2001). The conse- 
quences of these declines likely extend beyond 
the boundary of water bodies and impact native 
predators of anphibians fe.g., garter snakes, 
Jennings et al., 19912; Matthews et al., in press) 
and other species in the High Sierra foocl web. 
Nevertlieless, with some sirnple n~ariagetnent 
changes and stocking reductions, fish popula- 
tioris c:oul(i IIe reduced a r~d  even removed in ;it 
least some Sierm Nevada lakes (Knapp and Mat- 
thews. '1998) thereby ~x~ssil~ly reversing the de- 
cline of native amphibians. 

a i d  h e  presencejabsel~ce of illlets are mea- 
sures of habitat isolation. Hence, metapopula- 
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