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Abstract
We construclcd .r lnap compafing the L.S. gcographic range of rhe Cocur d Alene salamander (P/.,rrod rntk)r'ii!) \ilh
c l i  radc , lnd leologicrLl  \af i rb les.  l - i lac b loon dares \ |ere used to appror imrte 1.100-1.800 m upper a l t r ludinal  l imjr \  ibr  the
\rhrn.rnder Pl.r/rr./o, irlaliarrhir r-tccupies tempefate regions oJ lhc nonhefn Rock) \4ounrains \a_irh at least 50 cm .r\erare
.rnnuaL precipit.rtion, and appcar\ lo be geo-qmphicrllf restricrd b) unconsolidated geological depo\iis. Our ap idrntilies
rcsioh potenti ll) inhrbiled b) P i.Lrro./rrlr. and mx\ thercibrc b. useful ir futLrre studt and prcrectim ofrhi\ spccics.

Introduction

The Coeur d Alcnc salrrnandet (Plethotbn
idaltoen.sisI js a tenestri l l  amphibian hhabiting
l]ofthenl ldaho. northu'estem Montana. and south-
castern Bitish Columbia; it is the sole lungless
salamander (Plcthodontidae) of the Dorthcm Rocky
Mountains (Nussbaum el al. 1983. Holmberg et
al. 198'1). Althou-eh the species geographic range
has been largely defincd (Orchard 1991, Wilson
ct al. 1997), much of the arca inhabired by P
ldrl/ror:rrsis rcmains unsurveyed. Litt lc is kno*n
ofspecitic factors that inlluence the salarnander's
occunence. and potential habitat has not been
idcntit'ied.

Wc used cartographic methods (Lynch l98l)
10 compare thc distributjon ofP idtthoensi.s with
llr iables knorvn to inllucnce occunence ofothcr
Lerrcstrial sl lamanders. Thesc include levels of
precipitation and annual duration ofcold rvcather
which afl'ect foraging (Lynch 191i1) and repro
duction (Houctri 1977). and the presence ofrocky
r.nicrohabitat. $ hich can affect irvailability ofshelter
ard nesting sitcs (Bury et al. l99l). Our objec-
tr!e was to produce a map that identif ies l imil ing
laclors ancl reveals regions potcntially inhabited
b,"' P idafutensis.

Methods

\l'e conpiled localities from ntuseunl and lleld
surveys ofWilson et al. (1997). These are l isted
$ ith thc Idrho Natulal Heritagc Program. Boise.
and the.Nlonlana Natural Heitage Program. Hel-

cna. Loc! it ies were plotted on U.S. Geolo-qical
Sun'ev topogrrphic maps (l:500,000 scale) to
provide abase lbr environmental faclors. We tlal]s
[u r red  lhe  i .oh)e t  u f  l l ' u r .s r  r r lue  <nconrpr . : in !
all populations fiom average annual precipitation
maps (USDA Soil Consen'ation Sen'ice 1965a,
1965b, 1965c; Paciflc Northwest River Basins
Conrmission 1969.) to outl ine regions having at
least the minimum average precipitation in which
the salamaDder occurs.

Because annual temperature variation has not
bccn directlv measured and mapped in the north-
ern Rockies, wc used the avemge first bloom date
of the cornmon purple lilac (.1_r'rlnga lllgaris) tct
index regionallv the duration of cold weather
rCr rpr i , ,  labb .  Iq70r .  L r \ca l i l )  e jc ra t ions  ur : re
obtained l'ron U.S. Geological Survey topographic
maps (l:24,000 scale). To reveal how cold may
affcct the salanander's distribution we examined
bloom dates 1or high-elevation localit ies, and as
sumed the latest date among al1 localities repre-
sented an annual temperature regime ncar a lou'er
tolerance limit 1br the specics. Toourbasentap.
we then transfened published isophenes depict-
ing geographic varilt ion of this bloorn date rela
livc to elevation (Caprio 1966). We used thcse
isophenes to draw topographic conk)urs on the
basc map denoting variation in the altitudinal limits
of the salamander

Regions underlain by unconsolidated Quater-
nary deposits laeolian. alluvial. giacial, and lacus-
trine) $ ere transferred to our base map from geo-
loglc maps (Ross et al. 1958. Hunlting et 11. 1961.
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Bond and Wood 1978. \\hlkcr aDd Macleod l99l).
These represent areas in which rock outcrops and
rockv colluvium ar-e rare. A tinal map showing
localit ies, climatic regions, and Ltnconsolidated
dcposits was produced u,ith NIH Image l'14b and
Deneba CANVAS J.0 computer prograns.

Results

Th< nr i r r imur r r  . r !e r i r ! le  i rnn l rJ l  p rcc ip i t r t ion  r .
sociated with P idaltoensi.s is 50 crn firr a local-
ity on the Clark Fork River. Montana (;17". 23.
23 ' N: I 15", 48', 32" W: 760 m elev.). The Co-
lumbia Plateau and drainages of thc Salmon, Bit
tcrroot. and Flathead Rivers receive less than this
amount and circunrscribc the salanander's U.S.
distribution (Figure l). Except along thc soulh-
em extent of the species' occun-ence these low-
lands are also underlain by unconsolidatecl Qua-
temuy dcposits. Unconsolidated deposits tlanking
the Selkirk Mountains llre within thc climatic range
of thc salalnander and bound the nofthwestern
limit of irs U.S. distribution.

Thc lalest average annual S. r,irlgrris bloorn
date firr anl locality is lr l June tbr a site in the
Kootenai Riverdrainagc. Montana(,18". 39'. 36"
N; I 15", 39' W: 1 .300 rn elcv.1. This date pro
jccled to other sectiors of the region predicts an
upper altitudinal lirnit for P idulnensis that var
ies from 1,100 n on the northwest t ip of thc ldaho
Panhandle to 1,800 nr at the southern end of the
species' geographic range. Regions above these
presumptive l imits arc pronrinent rt the nofihem.
eastern, and southern margins olthe salamander's
distribution: aDd tbrn the crest of the Bitterroot
Ruge, rvhich scparatcs Montana populations liom
fiose in Idaho.

fn  \4 , rn l i rnJ .  P .  tdohn,  n . t '  , ' ;e t tp ie .  t t lnou
coridors of suitable climate in the Kootcnai and
Clark Fork River drainages. On the $'est slope
ol thc Bitlerroot Range of Idaho. the salamander
, \ \  u r \  , ,n l )  \ f . r r \L  l \  cc l t , \ :  i l  cun l rnuou.  I<e ion
offavorable conditions. Most Idaho krcalities occur
Lrpslopc in canyons dril ining the Bitterroots.

Discussion

Cl im. r t i c  l cg io r r .u i t rh l (  io r  P  l . i / / , '  \  r \ t '  en . , , rn -
pass dre disjuDct coastal forest province of the
norlhern Rockies (Heusscr 1983. Cooper et al.
1991). Thc salamander is associated with this
province. except for its apparent absence fiom
the Selkirk Mountains. Projectecl uppcr alt itudi-
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nal linits of P itluhoensis correspond with the
transition fiom tcmpcratc to subalpinc colnmu-
nities (Kraijna 1969. Arno 1979, Habeck l9li7).
Thc Biltcuool Range, with its comparatively lo$'
elevations and strong marit ime climate (Cooper
et al. 1991), contains most potential habitat for
the species.

Pletlndon idalnensis localities are most abun
dant in Bitterr-oot uplands where near-coastal (75-
1.10 cn) annual precipitation levels exist (USDA
Soil Conservation Service 1965a). Thcsc uplands
also suppo{the regioD s greatest divenitl ofcoastal
disiunct plants, invertebrates and arrphibians
(Nussbaum et al. 1983, Johnson 1987. Lorain
1988). Populations ofP idaftoensis m xenc sur
rounding areas occnpy filvorably moist microhabit
(Wilson ct al. 1997).

The lack of populations in climrticall l  suit-
able areas of thc Sclkirk lowlands indicates that
unconsolidated deposits limit distribution of P
idahoansis. Such deposits l ikely inf' luenced the
salamander's current -qcographic range bl l imit
ing posrPleistocene dispersal (Lynch l98'1.). The
absence of P itfuthoensis lrom mountains cast oI
the tsitterroot Range, for exanp]e. is correlated
$,ith widespread occurrcnce of glacio-alluvial
bauiers in inten'ering valleys. Although allu-
vial deposits restrict dispersal by P/edorloa, rocky
uplands paralleling a rivcr can provide dispersal
conidors (Thurorv 1968). Both the Kootenai and
Clark Fork Rivers trend northward ancl thus hclpcd
eflect the latitudinal breadth of the salamander's
present distribution. A11 knorvn Canadian popu
lations are in the Kootenai drainage (Orchard 1991 ).

S]ringa tulgaris phenological data are not
availablc lbr Canada. so we did not include Ca
nadian lands in oul analysis. Howe\el. ifisophenes
published for the U.S. (Caprio 1966) are projected
onto Canadian topographic nraps. an uppcr alt i-
tuclinal l imit lor P. idahoensis of 750 m is indi
catcd tbr the northem end ofthe Kootenai Valley.
200 km north ofthe U.S. Canadian border. This
vallcy rcceives sutTicient precipitation fol P
idulnensis along its entire length (Farlel' 1979)
and is wolthy of morc sun e-YS.

Plethodon idohoettsis is tt lost closel) related
to Van Dyke's salamander (Pletlodon vttndykei)
of westem Washington. There has even been debate
r .  to  u  he thcr  lhe  ruo  lb rm.  rc tu r l l l  conrpr i .<  : r
single species (Houard et aJ. 1993). Although P
idalnensi.s occupies dricr habitats. both specics
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Ieprcr$rr localirics. Rcgio.s $ith lc\s llran 50 cm arerage nnnu|1l prccipiullion arc rcprcscntcd b--
hatching directed upq,rrd Io the figbt. Hrtching directed upwrfd to rhe leli delinlit\ regions r\ilh
r!crugc S\rirtd rxlq.r/i-r bloom drlc\ lrlcr than l,l Junc. Slipplng indicrtes unconsdidrted Qurter-

arvdcpo\ i l \ .  For ! isualc lar j t \ .  Lrnconsol idatcd dcposi t \  3rc dcpic lcdon\ $ i rh in dr .  c l inal ic  r rnge ol '
thc salanrandcr. ilrrd the follo\|ing ccographic tiaturcs arc rcprcsclllcd b) numbcrs: ColLrmbir Platcau
( l ) .  Selk i rk \4on.ra ins ( : ) .  Koore.r i  Rner ( l ) .  Clark l -ork Ri \er  ( .1) .  F lathead Val lc l  (5) ,  Bi l tc l 'ool
l r l le)  (6) .  Sr lnmn I t r \ef  (7) .
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inhabit temperate nesophytic forests xnd have
similxr uppcr alt itudinal l inits (Wilson et al. 1995).
Paleobotanical evidence (Detling I 961J. Daubennrire
1975.) and nolccular cstimates ofthe tining ol spe-
ciation in Pacitlc Nofihwesl amphibians (Highton
and Larson 1979, Daughefty et al. 1983) suggcst
tlrat vicadance o[ P idahoensij and P. y,tortlykei
originated during a pre Pleistoccnc xeritication of
the Columbia Platetu. This event, which resultcd
from development of the Cascadc Mountains
rainshadow (Smilcy 1963), also helped to isolate
othcr elements of the Rockl' Mounlain disjunct
coastal biota (Daubcnmire 1!.)75. Johrson l987).

Speculations of more recent occurrence of P
itlahoettsis or P lnrrdy{el on the Columbia Pla
tcau or in uplands to the nofih (Salagc 1952. \\'ake
1966. Hou'ard ct al. 1993) are not supported bv
our anallsis. These regions are largely outside
of the geological and clinratic rrnges that pres
cntly t ivor occurence by either spccics (Pacific
Nonhuest Rivcl Basins Coornission 1969, Farley
1979, Wilson et al. I 995 ) and rvere dominated by
sagebrush steppe with subalpile arborcal elements
duling Pleistoccnc glacial maxima (Bamosky et
aJ .  191171.
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