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Abstract
ln Mount Rainier National Park, the nolth$e\tern salamander usually inhabjts rclali ! el), large and deep Iakcs and ponds (averagc
size = 0.3 ha: average depth > 2 m) that coniain flocculent organic bottom scdimen|s and abrndanr coarse wood. Pfior ro 1970.
salmonids wefe introduced in!o nan) oflhe park's lakcs and ponds thal lvere typical habitar ofihe norrhncsrcm saiamander. Thc
objccd\e of this slLrdv $'as ro compare. iD lakes and ponds $irh suirable habitat characlerislics fof nofthwestcm salananders. the
observed abundances of larvae in lalcs ard ponds \\'ith and wilhout these iniroduced salmonids. Day \urveys of 6l lakes were
conduclcd belween I993 and 1999. Fjsh were linited to lakes and ponds deeper than 2 n. For the:18 lakes and ponds deeper rhan
2 m (i.c . 25 fishless lakes and 23 fish lakes), the mean and nredian obserled abundanccs of northrvestern ialamander larlae in
fishlcss lakes and ponds $as signillcandv greater than rhe mcan and median obsencd abundances of lan ac in lakes and ponds
\ri|h iish. Nofih*estem salamander lurae were not obscr\ed in I1 fish lakes. Thcse lakes were sinrilar in nedian elevarion.
surlitce area. and maximum depth to the fishless lakcs. The 12lish lakes \\ith obscrved larvae were significandv lowef in median
elelation, ldrger in nrcdian surl-ace afea. and deepcr in nediaD maximum dcpth than the fishless lakcs. Low to null observcd
abundances of nonhwestcm salamander larlae in lakcs and ponds with fi,ih were auributed to a combination ol fish predaiion of
larvac and changes in larral bcha!ior

Introduction

Salamander iarvae arc the top native aquatic ver-
tebrate predators in manv lakes and ponds in the
Cascade Range of the Pacific Nofihwest (Taylor
lq8 l :T )  ie r  c t  r l .  1998a r .  The tu  o  dominrn l  ra \a
in the Cascades of Washington State are the long-
toed salamander (Ambystona macrotlacttlum
Baird) and the northwestern salamander (An-
btstoma gracile lBurdl)(Nussbaum et al. l983).
At North Cascades National Park Service Com
plex (NOCA) in northem Wasbington, only the
long-toed salamander is present east of the hy
drological divide of the Cascade Range. Long-
toed salamander larvae occupy a wide variety of
habitats ranging from shallow ephemeral ponds
to deep lakes (Tyler et al. 1998a). Although borh
specles are present on the west side of the divide.
distribution of the northwestern salamander in
NOCA is more restricted than thc long-toed sala
mander (Nussbaum et al. 1983) and limited to
the deeper lakes and ponds. On the west slope,
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thclong-toed salamandcr appears to be abscntfion
lakes and ponds inhabited by the north$'estem
salamiurder (Liss et al. I 995 ). Conpared to listdess
systems. obsen'ed abundances of long-Loed sala-
mander and northwestern salamander larvae are
reduced in lakes and ponds inhabited by intro-
duced fish in NOCA (Liss et al. 1995; Tyler 1998a).

About 150 km south ofNOCA. long-roed sala-
manders and northwestem salamanders are widely
distributed in Mount Rainier National Park
f  MORA r .  The spcc ie '  a re  se ldom rympar r ic
(Brokcs 2000). The long-toed salamander inhab-
its snall, shallow ponds (mean sizc = 0.08 ha;
mean depth = 0.6 m) with muddy or consolidated
bottom sediments (Brokes 2000). The nofthwestem
salamander typically inhabits larger, deeper s1's-
tems (mean size = 0.3 ha; mean depth > 2 m)
than does the long-toed salamander, and these
svstems haveflocculent, organic bottomsediments
and abundant coarse wood (Brokes 2000).

Rcproduc ing  popu la t ions  o f  in t roduced
salmonids, which were stocked prior to l970,
inhabit 27 ofthe deeper lentic systems at MORA
(Barbara Samora, Mount Rainier National Park.
personal communication). Thus, in MORA

Northwest Science, Vol. 76, No. 1, 2002
O z l ) 0 : h r r h e N o r h u . r S . i c  r l i c A i . c r l r i o n  A l l r i g h G r c s c . € J

35



I Fishless Lakes

l Fish Lakes
-\-, Park

10 Kilomete.s

FiSufe L Locat ion of  6 l  sun e)  lake\  in N{ount Rainief  Nar ionalPark,  \ \ rashinglon.

nofthwestem salamander larvae likely interact more
u'ith introduced fish than do long toed salamander
larvae. The objectives ofthis study were: 1) com-
pare the observed abundances of northwestem
salamander larvac in lcntic slstcnls with and with-
out rcproducing populations ofinhoduced salmo
nids: and 2) dctcrminc if introduced salmonids
have affected lan'al populations ofthc nonhwcstcm
salamander.

Study Area

Mount Rainier National Park is located on the
westem slopes of the Cascade Range in south-
cental Washington State (Figure l). Mount Rainier
(.1393 m) dominates the 969 km' pa*. The rug
ged, mountainous, volcanic lerrain has a diver-

sity of climatic and geologic conditions, soils, and
vegetation. Annual precipitation is - 150 cm at
the lowe[ elevations and > 250 cn at higher el-
evations. More than 7570 ofthe precipitation falls
as snow between October and March (Richardson
1972). Park lakes are covered with decp snow and
granular icc in winter (Larson et al. 199,1). The
open-\'!'ater season tbr lakes and ponds generally
begins in late June to early July and lasts until
October-November.

From 1993 through 1999, we surveycd 6l
montane lakes and ponds across the landscape of
MORA (Table l; Figure 1) to document the ob-
sen'ed abundanccs of nofthwestern salamander
lan ae in lertic systems with and without fish (Table
l). The presence of fish in a lake or pond was
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IAUI-E l .  Ph\ 's ical  a l t r ibutes and larval  salarnandcr counrs
(nunber per l{X) nt in 6l lakes. N{oun! Rainicr
Nalional Park itrtORA).

Fishless L:rkes Fi$ Lakes

T,ABLE 2. \hriation oflar\al sairnundef cou nts (number pcr
100 m) in la lcs suneled in DNlt ip le years.  I -ar
vxe rere obscr\cd in all six fishle\s hke\ and in
onl] t!l,o of six fish lakc\ sumpled in nNliiplc
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determined either by direct obselvation of f ish
ot $hen the preserce of f ish was not obvious,
thlough the usc of gillnets set for several hours
during a survey visit.

Methods

Fony-nine of the lakes and ponds in this study
u'ere sarnpled once from late JuJy to early Sep
lembcr bet\r,een 1993 and 1999 (Table 1). Counts
ofsalamander larvac ibr these lakes orponds were
extrapolatcd to the number oflarvae observcd per
l00 m. Obscrved larval abundances for the l2
lakes and ponds sanrpled in nrultiple years (Table
1) arc averages of the extrapolated counts tbr all
sur./ey years (Tablc 2). L rval counts in a lake
can vary considerably fron year to ycar There-
fbre, counts based on averaging multiple year
survcys may not adequately represent this vari-
ability (Table 2). Onl)' lakes and ponds with habitat
characteristics detennined to bc typical of MORA
svstems inhabited by no hwestem salamander
laNae, especially lakes and ponds with floccu-
lenl, organic bottom sedinents. were included in
this study.

We determined species distributions and the
observed abundances of salamander larvae by vi-
sual encounter and snorkeling suryeys (Thoms et
al. 1997: Tyler et al. 1998a; Brokes 2000). A1-

though care was lakcn to use each method as cf-
ficiently and ctfectively as possible, each survey
method may ha\,c underestimated the actual abun-
dances of larvae in the suney lakes or ponds.
Therefbre, larval counts wcrc considered to rep-
resent the observed rather than actual relativc
abundance of salamandcr larvae in each syslerl.
visual encountcr sun'eys were used in lwo ponds
that were too shallow to snorkel (<0.7 m.) (Brokes
2000). These surveys $,ere perfbrmed according
to protocol dcscribed by Thoms et al. (1997), and
involvcd searching 1br salamander larvae while
slorvly walkng/wading the shorcline and nearshore
area of each pond. Snorkel surueys were accom-
plished by swimming transects parallel to the lake
or pond shoreline, recording lan ae obsen'ed within
a band extending tiom the shorcline to 2 m ofl-
shore.

Number Cruncher Statisl ical Systern 2000
(NCSS 2000) was used tbr all statistical analyser
(Hintze 1998). Lakes were grouped according ro
thepfesence or absence oftish rmd maximum depth
(i.e.. < 2 m or ) 2 m). All lakes occupicd by fish
were )2 n in maximum depth since fish rvere
typically introduccd into deeper mountain lakes
where the1, could sun'ive wintcr lake conditions
at high-elevation (Bahls 1992). Fishless lrkes werc
grouped into lales < 2 nr and l.rles )l m mrr imurr
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depth. The grouping offishless lakcs into two depth
categories was done so that the obsen'ed abun-
dances of salamander larvae in fish lakes could
be compared to the obserr''ed abundances in flshless
lakes that $'ere deep enough (i.c., )2 n) for f ish
survival if fish were to be introduced into these
systems. One-wayANOVA (Hintze 1998) \\"as used
to compare the mean number of larvae observed
per 100 m in fishless lakes 22 m maximum depth
(n = 25) and fish lakes (n = 23). Kruskal-Wallis
One-way ANOVA on Ranks (Hintze 1998) was
used to compare the median number of larvae
observed per 100 m in the fishless lakes 2 2 m
maximum depth and the tish lakes. These tests
were also used to compare the obscrvcd abun-
dances of larvae in fishless lakes < 2 m (n = 13)
with fishless lakes )2 rn maximum depth. The
level of signilicance lbr each analysis was P =
0.05. Kruskal-Wal1is One-way ANOVAon Ranks
(Hintze 1998) was also used to compffe the me-
dian physica[ attributes ofelevation, suftace area.
and maximum depth of the fishless lakes ) 2 m
maximum depth with fish lakes with observed
salamander larvae (n = l2) and Ush lakes with-
out obsen'ed salamander lan'ae (n = I 1). The level
o f  . i g n i l i L a n r ' e  l o r  t h e . e  c r r r n p : r r i \ o n :  u r s
Bonferroni adjusted to P = 0.025.

Results

Day sun'eys of 6l lakes at MORA indicated that
thc observed abundances of nofihwestem sala-
mander larvae diflbred significantly between
tishless lakes and lakes with fish (Table l: Figure
2). The mean number of larvae obsen'ed in all
f ishless lakcs (n = 38) was 12 times greater than
in all fish lakes (n = 23), and the median number

of larvae obser,'ed in fishless lakes \\, as quite lalge
compared to the median number observed in lakes
with fish (Table 1). Salamander larvae were ob-
served in all f ishlcss lakes surveyed, whereas of
the 23 fish lakes surve)'ed, lan'ae were obseNed
in l2 (52%) of the lakes.

The mean and median numbers ofnorthwestem
salamander larvae observed in the 25 fishlcss lakcs
)2 m maximum depth were significantly greater
than the mean and median numbers oflarvae ob-
served in the fish lakes (mean: F-ratio = 25.52, P
< 0.001 : median: Xr = 28.4, P < 0.001; Table 3).
Abundances of 2 50 larvae per 100 m u'ere ob-
served in 16 (64%) of the fishless lakes ) 2 m
maximum depth, and there were over 100 larvae
per l00 n obsewed in six ofthese lakes. The high-
est number of larvae observcd in thc fish lakcs
was 27.6 per 100 m and this observed abundance
was 11.5 times lower than the maximum obser,'ed
abundance for the tlshless lakes ) 2 m maxi-
mum depth. There were no significant diff 'er-
ences in the mean and median numbers oflarvae
obseryed between the two categories of tishless
lakes (Table 3).

TABLE 3. Larval salamander counls (nulnber per 100 m) ir
fishless and fish su c)'. lakcs. Maximum dcplh is
labeled Zma-\. and aslerisk signilics signilicanl
Jillireni< $nh l]shlcs lJL<'. i] m m-rirlum
depth.

Lake Sutus
Fish

< 2 mZmax >2mZmax All  Lakes

\umber of lakcs l3
Mcan 7E.9
\,ledian ,11 .8
Range 1.6-395.0

25 23
15 . t  6 .4 *
69.8 0.3*

5.8-31.1.,1 0-21.6

The physical attributcs ofsurvey lakcs diffcrcd
when compared by lake group. On average, the
fishless lakes were higher in elevation. smaller in
surface area, and shallower in maximum depth
than the fish lakes (Table 1). These differences
were significant between fishless lakes 22 m
maximum depth (n = 25) and fish lakes in which
salamander larvae were observed (n = 12). The
fish lakes with observed salamander larvae were
lower in median elevation (Xr = 5.84, P = 0.02),
larger in median surface area (X'z= 7.16, P=0.007),
and deeper in median maximum depth (Xr = 6.SS,
P =  0 .01)  lhan the  f i .h iesr  laker  22  m mrr imum
depth (Table 4). These attributes did not dift'er
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Figurc 2. Obscrved abundances ofnonhwestern salamander

larla. in su cy lakcs of ditferent depths and fish

: l a l u ! .  \ l c J n l  l r a  n r e r \ r l  o n a l P a r l .
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A!!riburc

significantly between the I I fish lakes with no
observed larvae and llshless lakes )2 rn maxi-
mum dcpth (Tablc 4).

TABLE,t. N{edian ph) sical .rttribures ofsur!e} lakes. Nl.rxi
mun deprh is labeled Znax, ard asrerisk sisni
fies significant diflerence with lishless lakes >2
m maximum depth.

(Taylor 19831 Tyler et al. 1998b), which would
reduce the visibil i ty of salamander larvae to
snorkele$. Noflhwestern salamandcr larvac also
tcnd to be nocturnal in lakes and ponds that con-
tain fish (Efford and Mathias 1969: Sprules 1974:
Taylor 1983: Tyler et al. 1998a).Infact.thenum-
bers of northwestem salamander larvae wcrc 10
times higher at night than were counts obtained
dudng day suneys in a NOCAlake with fish (Liss
et al. 1995). Therefore. we conclude that the lower
observed abundances of nodhu'estern salamander
larvae that we detected in MORA lakes with fish
were due, in pan, to a conrbination of direct f lsh
predation on larvae and changcs in larval behav-
ior to avoid fish predation.

Northwestem salamander lan'ae werc not typi-
cally associated with shallow ponds (i.e., < 2 rn
maximum depth) at MORA when the ponds were
either ephemeral or when the composition of thc
bottom substrate was firm and inorganic (Brokes
2000). The shallow ponds inhabited by the lar
vae in this study had soft, organic bottom sub-
strates. Introduced salmonids do not typically
survive in ponds < 2 m depth. Thus. these shal-
low systems provided an additional refuge for
nofthwestem salamander larvae tiom fish preda-
tion. Nonetheless, across the landscape of MORA,
noflhwestern salamander larvae were able to
persist in over 507c of the lakcs with introduced
salmonids.

The relationships between introduced fish and
salamander lan'ae were different betwccn MORA
and NOCA, which raises some interesting man
agement issues. At MORA, only northwestern
salamrurder lan'ae were impacted by fish. although
thepresent distribution of long-toed salamanders
in MORA lentic systems could rcflcct past fish
stocking pattems in park lakes. Larvae of both
northwestern and long-toed salamanders u,ere
impacted by introduced salmonids at NOCA (Liss
et al. 1995; Tyler et al. 1998a). Yet. in both parks
the interaction between fish and salamander lar-
vac was mostly related to the distributions of the
two salamander species in thc Pacitic Northwest
(Nussbaum et al. 1983) and their interspecific
interactions (Hof'firan and Larson 1999). North-
western salamanders and long-toed salamanders
have overlapping distributions at the landscape
level at MORA. which is on the u'est side of the
hydrological divide of the Cascade Range. In
MORA, northwestem salamandcr larvae inhabit
large, deep, permanent lakes in which fish can

Lrke Status
Fishlcs! Fish

>2 nr Zmax with larvac !rilhou! larvae

Nunb.r 01 lakcs 25
Elelat jon ( ) 1651
Surfacc Arca (ha) 0.91
Nla{imum deprh (m) ,1.3

L :
l ,17l l *
1.99*

9.9*

t l
l 6 l 7
2 . l l

6.1

Discussion

Nodhwgstern salrmander larvae were not readily
obscrved in lakes containing fish and we conclude
that the ob\er\ eJ ahundlnie. ul larr ae u ere ri!-
nif icantly lower in fish lakes conrpared to tishless
lakes (Table 3: Figure 2). Similar conclusions were
reached in other studies of the observed abun-
dances ofnofihwestem salamander larvae in lakes
u,ith and without f lsh (Sprules 197,1: Taylor 1983).
In fact, no laNae wele obser-r'ed in ll (487r.) of
the MORA lakes wjth flsh. which suggests that
fish either eliminated lan ae fiom the lakes or larvae
were extremely difficult to detect. These lakes werc
similar in elevation. size, and depth to flshless
lakes )2 m maximum depth where salamander
larvae were typically observed. Conversely. sala-
mander lan'ae were obsen"'ed in I 2 fish lakes which
were signilicantly lower in elevation, larger in
surlhce area. and deeper in maximum depth than
t'ishless lakes )2 m maximum depth. This result
indicates that northwestem salamander lan'ae are
able to co-exist with introduced fish in these larger
llnd deeper systems.

We , . lo  n r r t  Lnr ru .  houerer .  hou r ( f r ( \en lJ I i \e
these obsen'ed abundance estimates \\,ere of the
actual size of the populations that were studied.
In lakes and ponds wjth fish, estimates of north-
$'estem salamander numbers can be low because
larvae generally become less active and are ca-
pable of altering their diel pattem ofbehavior and
habitat utilization in an cffon to reduce exposure
to predation (Efford and Mathias 1969; Sih 1987).
Reducing exposure to tish predation may take the
fonn of increased use of retugia such as coarse
woody debris, rock talus. and aquatic vegetation
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survive. whereas long toed salamandcr larvae are
l€stricled to small, shallow. semi-permanent to
permanent systems uninhabitable by fish (Brokes
2000). In NOCA. the northwestern salamander
occurs only on the west side of the hydrological
divide where i1s distribution is l imited, u'hereas
the long-toed salamander is widely distributed on
both sides of the divide. For this reason. long-
toed salamandcr larvae were able to inhabit larger
trnd deeper lakes on the east side of NOCA that
would have been occupicd by nofthu,estern sala
mander larvae at MORA. This pattem of sala-
mander species distribution was a factor in the
impact of both species by introduccd fish irt the
landscape level at NOCA. These results suggest
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