
Determinants of theTailed Frog's Range in Brit ish Columbia, Canada

Abstract

The tailed frog is the onl) stream-breeding liog in Can.Lda. DLre Io its highl] specialized habitat requifements and its vulnerabilit]
1() hnbilal dcgradation. it is of concem through much of its range in thc Pacific \orthwest. lhe purpose of rhis sludy ras 1o
derermine ihe range ofthe tailed liog in Briti\h Columbia. and to geneftte hlpotheses ibr ils currenl disribution. The tailed liog
is a resideni of steep mountain sneams. Along the coast. other than its absence tion Vancouver Ishnd and Haida Gr\ aii. rhe triled
frog s distnbutior coincides closel! with the Coasral W-esiern Hemlock (CWH) biogeoclimatic zone. In the interiof. an area x'ith
a con! incntal  c l inrale.  i ts  d istnbut ion is  a l l ied wi th the Engelmann Spruce/Subal f ine Fir  (BSSF) biogeocl imat ic zone. Hoxever.
nrcanr\ jn lhc ESSF arc ljkcly only suirable ro tadpoles ifa thick blanket ofsnow buffers then from winter freezing. Thus. dricr
subzones of the ESSF are less likei) lo support hiled liogs. This close association $ifi moist biogeoclinatic zones mry rellect
the species frefefence fof a humid teDrfefate clinrate regime. The tailed fiog's distribution Dray rlso be a\sociated with geolog):

in c|)lllrasl (o srcrms undcrlain b) compctcni plutonic rocks (e.g.. granite). which t!picall], have coarse gravel beds $ith lockcd
boulder steps. arers with highly fiactured or $eak rock types (e.9. shale) ha!e a liner rnd more nobile stream bedlo|d, leading to
unstablc chan.elconditions. These streams provide less favofable habitat foftadfoles. Along the coast, the fresentl! documenled
northcm distribution lics at thc Nass River, ard the factors limiting north\\ ard dispersal are not apparenr. In the interior of British
Colunbia. nonhward ad!anccmcn! appcar! lC) bc limitcd in part both to undcrlying rock tvpc and clinralc.
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lntroduction

Aside tiom r snrrJl popuiation of Pacific giant
salamander (Di..i,rqr1o./.r, er.rdltlJ) in the extrene
southwest of British Columbia. the tailed frog
(Ascapltus rnrel) is the only strean-breeding
amphibian in Canada (Cook 198.1). The txdpole
stagc may last one to lbur years during which it
is subiect to stress or mortality from nlrtural or
anthropogenic events that may afl'ect the natal
stream channcl. Typical mounlain streams which
support tailed frogs are characterized by a step
pool morphology (see Chin 1989). Step-ptxrl sys-
tens have stable bedforms over time spans of 5
years or more, u'ith reorganization occurring du ng
in frequent. extreme events (Chin i 998). This rep
resents long telm stabilitv from the tdpole's point
of view. Negative influences include debris flows
or 1'looding (Metter 1964), or increased sedilren
tation from logging and other land use practices
(Corn and Bury 1989: Wahbe 1996: Welsh and
Ollivier 1997; Dupuis and Steventon 1999). In
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Montana. adults appear to recolonize degraded
areas relatively slowly (Daugherty and Sheldon
lq8 l l .  S ince  i t  i .  scns i t i re  to  l rnd  u .e  p r rc t i ce . .
the tailed fiog is designated "at dsk" in British
Columbia, "of concern" in Washington. Olegon,
and of special concern in Calitbrnia. Prior to | 990.
tht: Canadian range ofthe Lailed frog was thought
to be largely restricted to the southem coasl of
British Columbia. with some records from thc
Kitimat/Tenace area on the north coast (Green
and Campbell 1984). Based on a 1958 record by
J. Grant, confinned by S. Orchard in 1983, a sepa
rate population was assumed to occur in south-
eastern Brit ish Columbi:i, but its status and ex-
tent was unknown.

Because the species is vulnerable to habitat
disturbances and is designated "at risk". deljn-
eating its current range \r 'as important for con-
scrvation mcasurcs. Bascd on extensrve survevs.
\!e repofi the range of the tailed frog in British
Columbia. and hypothesize on the factors $hich
nright aftect its cument distribution. Although some
preliminary tests have been conducted ol our
database (Sutherland and Bunnell 1999), these
hypothe!es wait to be erplicitly tested.
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Survey Areas

During 1995. 1996 and I 998, f ield surveys were
conducted along 5l9 creeks in Brit ish Columbia.
Surveys began at the ,191h Parallel and extended
to 58" N, a distance of about 1,815 kilometers.
Sixty percent ofthc creeks survcyed were located
in the Coast Ranges. from the Sunshine Coast to
thc Stikine Rivel in norrhern Bdtish Columbia.
Because numeroLrs records were available from
the populous, southern coastal portion ofthe prov
ince. cxtra search elfort was fbcused where his
torical rccords $ ere scarcc: the mid, nofihem and
eastern pofi ions of the Coast and Mountains
Ecoprovince (refer to Dernarchi (1993) for an
overview of the ecorcgions of Brit ish Columbia).
Givcn the temote nature of the mainland coast,
\u r re )or \  hcd  r ( '  t l )  in ro  rL . t i vc  logg ing  camp.
and use logging road access to systematically
search every road acccssible permanent creek in
the arca. The remainder ofthe surveys (40%) were
carried out in southeastcrn Brit ish Columbia bc-
tween the Akanina-Kishinena and Moyic Riv-
ers. Road access in the east part ofthe study area
u'as good so all pen.nancnt creeks within a 2,000
kn' area of the sin-sle confimted record (Storm
Creekl rvere searched to delineate the spccies'
nofthern and wcstem rangc boundaries in the East
Kootenays. SeiLrches ofall pemrancnt creeks were
also caried out west of thc dry Rocky Mountain
Trench, within the southern portion ol the
McGill ivray Ranges ( 1 300 kmz area) because of
its proximity to existing populations in northwest
em Montana. Additional creeks were surveyed
in the adjacent Southcrn Columbia Mountains.

Methods

Reconnaissance Surveys

Time-consffaincd searches (TCS) are the most
cflective technique for dcternining the presencc
or absencc of a specics in an area because they
involve no sel-up costs. allow lbr largc areas to
be covered. and focus on the nost suitable mi-
crohabitats (Corn and Bury 1990). Time-con
stri i ined searches invohc hand raking gravel.
uplift ing cobbles. swccping bonldcr surfaces and
scanning the banks lor a specific time limit.

Deta i led  Searches

Arca-constrained searches arc ideal for detcr.mining
specles density. becausc they invol!c the thorough
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search of a stream segment (e.g., Dupuis and
Steventon, 1999). In this srudy, tadpole densiry
within a creek was estinlated by counting all the
individuals encountcred during a[ active search
of one l0-m scgment ol 'stream.

Stream Characterizat on

A series of physical parameters. tbllowing Bury
and Com (1991). were measured to character-ize
lhe  h i lb i td l  o f  c r \h  c reck .  Thesc  p l rumeter .  in -
cluded aspect, elevation, sfeam gradient (7.), wct
and bank widths (m). water temperature (.C).
canopy closure (c/r), understory cover (7.) and
substratc composition (Eo). Substrate was classi-
l ied visutrl ly into four categories: sand (<2 mtn),
pebbles (2-6,1 mm). cobbles (6,1-256 mm). and
boulders (>256 mm) in accordance withthe Udden
Wentworth size classification (Petti john et al.
[972). Regional variables inc]uded local climatc
(Meidinger et al. 1997: Meidinger and Pojar 1991),
physiography and bedrock geology (Holland,
1976). and landscapc units as dctined by ecological
and topographical par;imeters (Demarchi 1 993).

Compi at on of Existing Observat ons
Thc flnal inventory nethod involved the collec-
tion and compilation of existing records (n = 235)
from provincial and federal govemment agencies.
academic groups, consultants. naturalists, and
museums. Government agencies in Whitehorse.
Yukon Tenitory (Departmcnt of Fisheries and
Oceans) and Juneau and Ketchikan, Alaska (De
paftment of Fish and Game. U.S. Fish and Wild-
lifc, Tongass National Park) also contribured in-
fonnation. These observations had been collccted
by vrLrious mcans. including electloshockng, trap
ping. active searches and opportunistic sightings.

Results

A total of 398 twcnty-minutc survevs \vere con-
ducted for a reconnaissance oI the remote coast
and the southeastem Kootenay Regioo. This data
is sumnrarized in Table 1. for comparable esti-
mates ofrclative abundance in Brit ish Columbia
(given the lack ofTCS surveys along the south
coast. secondary observations lor this region
are also included in Table I tbr a frequency of
occurrencc comparison). In addition.,l7 recon
naissance surveys u'ere done in which searching
ceascd aftel thc tirst delcction (absence was



T,A.BLL L FrequeDc) ol occurrence nd relrtrve abundrnce

orean and fange oITCS) ofthe tailed frog in \'ari
ous pnrts of ils range jn B.iiish Clolumbia

Nlean No. Tadpoles
C)ccuncnce per:0mirutes

l .n)  ( range)

Kootna,"-s 188
North Coasl I l0
Nl id Coast  100
South Coal ' t  93*

1 5
t6

3  (1  16 )
10 ( l  3'1)
r 0 i r  3 1 )

N/A

" secondar] observations r\irh no relati\e abundarce data

assumed after 20 minutes). A total of 74 area-
constrained searches \lere conducted near the
nofthern edge ofthe tailed tiog range (n = 53) and
in the southcastcm comcr ofthc province (n = 21).
where specific questions aboutdensity u'ere asked.

Tailcd l iogs wcrc prcscnt in 285 of 733 sites
searched. Tadpoles were present in apploximately
407,,. of the permanent creeks sampled in central
and southcrn coast;r1 Brit ish Columbia (Table l).
Tadpole numbers ranged from 1 to 3,1 tadpolcs
per 20-minute search along the mid-coast (Table
l.). Occurrence was less comnon, and rclativc
densities were Io\\'er in the northern lrnd easten
portions of their range.

Coast I\,4ou ntains

The tailed trog's distribution along Brit ish
Columbia's coast is nrostly continuous through
the Coast and Mountains Ecoprovinces as far nofih
as the Nass River Basin. from which the species
rvas absent (Figure l). The most northe y records
wcrc aiong thc northwest shore of Kitsemkalun
Lake, on the leeward side of thc Coast Moun-
tains. Elsewhere in the coastal pofion of its rangc.
thc distribution of the tailed fiog is largely con
gruent with the distdbution of the Coastal wcst-
crn Hcmlock zone (CWH), and associated
biogeoclimatic zones at higher elcvations (c.g.,
Mountain Hemlock, Engelmann Spruce Subal-
pinc Fir, Alpinc Tundra). North of the Nass River.
tailed frogs were not detectcd in thc Coastal West-
em Hemlock zone between Greenville and Stewart,
or in the isolaLcd pockcts of CWH along the Stikine
River Discussions withAlaskan agencies revealed
no evidence of the species (e.-q.. within t 'ederal
and state parks. and ir streams suNeyed for fish
h1 n tc rn .  , r l  e l tL t r , ' .h t r i k in ! r .  Thu\ .  i l  appear .
that the present range of thc tailcd frog lies south
ot' Punlund Canal and thc Na.s Rir e-.

The most westerly rccords were tbund on is-
lands of the mid- and no hern coast of British
Columbia: Princess Royal Island and Cribble Is-
land at the mouth ofDouglas Channel. and King
Island west ofBella Coola. Tailcd fiogs were also
docunrented as lar west as Namu and Boswcll
lnlct on the eastern edge ofthe Hecate Lorvlands.
The most easterly coast recolds were tbund in
the Cayoosh Ranges between Pcmbcrton and
Lil looet, Spius Creek (nonheast of Boston Bar),
and Cathedral Park (south ol Pdnceton)(Figure
1). These areas l l11 just beyond the Coast and
Mountains ecopl'ovince. within the Southcrn In-
terior Ecoprovince (Demarchi I 993)

East Kootenays

Tailed frogs occurred in 9% of l88 creeks samplcd
in the East Kootena)'s (Table 1). and are l imited
to a f'ew southern drairages ofthe Southem lnte-
rior Mountains Ecoprovince (Figure l). In 1996
and 1998. the species was found in tcn tributar-
ies that flow irto the Flathead Drainage near thc
Montana bordcr. Tailed liogs u,ere also encoun
tered in six tributades to Yahk River. in thc Co-
lumbia Basin. Thcse occurrences coincide with
the Border and McGillivlay Ranges, respcctively.
which arc separated by the Rocky Mountain
Trench. Tadpoles and aduits were fbund at high
elerations (1380 to 1770 rn), within the Engel-
nrann Spruce/Sub-alpine Fir (ESSF) biogco-
climatic zone (Meidingcr and Pojar 1991).

Green and Campbell (1984) and Nussbaum
ct al. ( 1983) prcvide two records furlher north in
eastem Bdtish Columbia, ncar Shuswap Lake.
These records are false (Green. pers. com. I 999)
and likely propagated amongst general amphib-
ian field guides that made use of the sane data
bases.

Discussion

During the last glaciation (ca. 29.000- 10.000 Cra
years B.P; Clague 1989), the Cordil lcran ice sheet
extcndedjust south ofthe,+9th parallel into pans
of Washington. ldaho, and Montana. Thus, the
present distribution of tailed tiog popularions in
British Columbiarcprcsents north$'ard migration
fiom southern retugia. Although coastal rcfugia
existed in Brit ish Columbia during glaciation (e.g.
Brooks Peninsula and parts of Haida Gwaii). the
habitats available in these refugia (e.g., nunataks
and coastal plainl see Clrgue 1989; Josenhans et

Dctcnninants of Tailed Frog Range I I I

No. Cr.cks
Sampled
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Figurc I Distribuiion of thc luiled ffog in Brlish Columbia: solid dots detic! thcir pre\ence and hollo\\' dor! rcprcsent searchcs
rn which lhev were ndcrcctcd.

al. l9971 would not havc been suirable ro the tailed
lrog becausc they lacked pcrmanent. fast-f'low-
ing streams in a frvorable (tentperate) climate.
Thc  popr r l r r ion .  in  Br i r i ' h  Co lumhia  represcnr
nonhward migration frolr founding populations
ln the American Coast Mountains in the west and
the Bitteroot and Rocky Mountains in the cast.
Nouhere in its ran-qe is the specics fbund in low
relief basins and platcau country, especially if
occupied by grassland. Sincc the climale of the
earl\, Holocene (ca. 10. 000 7. 000 Crr years
B.P) was rvarrn and dry (Mathewes 1985). grass
lancls of the central intedor platcau q'ere morc
extensive (Hebda 1982.). rcpresenting a greater
barrier than today. Therefore. in British Colurn-
bra. coastal and intcrior populations have prob-
ably been geographicallv isolated for at least l0
000 years. Gcographic isolation of coastal and
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intcrior populations in the Unilcd States has prob-
ably been considerably longer

Other than its appiu'ent absence liom Vancouver
Island and Haida Gwaii (Corkran and Thoms
1996). the range of the tailed l iog in Brit ish Co-
lumbia coincides closely with the disrdbutioD of
the Coastal Westem Hemlock (CWH) zone and
with scatlercd occurenccs in the neighboring
zones. This close association is directly related
to the specics prefened habitat. The lailed lrog
breeds in cool, swift flowing headwilter sffeanls
(Leonard et al. 1993: Corkan and Thoms 1996).
Since tadpoles in Brit ish Columbia rcquire 3,1
years to develop. suilable sffeams must be peren-
nial. The CWH zone reccivel abundant precipi
tation (Table 2), providing numerous perennial
first and sccond order strcams, with enough snow



TABLE L Clnnate regimes r\soci.rted with railed ffoe occurrence.

B G C
Zo\e

Ele !a l i0n
(NI)

MAPT N,IWP.
hnnr)

MAST
(n1m)

T.riled FrogMAT'
fc)

CWH

I I)F

N'IH

ESSF

0-900

l12  1330

100-1800

114 1915

836 ,1 100

276  1199

r700 5000
.11.1-:169

695  331 l

l l 7 - 1 0 2 2

I 200 1000

170 -1607

l0'1 8,t I

8 l - 507

700 3000

t98 ,1911

1 .0 -10 .1

r . 5  9 .6
- L,1-5.0

3 .1  1 .8

Throughou!

ScatGred

Scarlered

' BGC = biogeoclimatic zones: Coasral Western Hemlock (CWll). lnlcrior Douglas fir (lDF). Mountain Hemlock (MH), lnterior
Cedar Hemlock (  lCH).  NlonEne Sprucc (MS) and EngelmaN Spruce Sub: p ine tu (ESSF).
I \{AP = Ivlcan Annual Precipimli0n
r VWP = Nlean Wintef Precipitation
r NiAS = Mcans Annual  Snos (wr(er  equi !a lenl)
' \,lAT = Mean AnnualTemperature
Lisl of Figures

cover that many of these streams do not freeze
during winter.

Inland fi om coastal British Columbia, precipi-
tation diminishes ard the climate becomes morc
continental: small streanrs are t-ewer and rnany
freeze in the $'inter. Sampling across the Dufley
Lakc and Hurlcy Pass roads, which cross from
the coast to the interior. revealed a narked de-
cline in occumence of tailed frogs at the tralsi
rion from CWH to ESSF fbrest. In general, the
ESSF zone is cold (Table 2) and shows marked
variability in precipitation with nost falling as
snow (Meidinger and Pojar l99I). Tailed l 'rogs
were found at a lcw silcs (n = 9) in the ESSF
(near Princeton. Cranbrook, and in Kootenays),
suggesting that whcrc the snow blrnket is suffl-
cient to pennit flowing water. th(] spccics can
survive in cold climates. TheAlpine Tundra zone
which l ics abovc the CWH and ESSF was not
searched; however. G. Hazelwood ( 1993) rcportcd
adulLs fron alpinc meadows above mountain hem-
lock lbrests on the windward side ol rhe Coast
Mountains. As in the ESSF. distribution in the
Mountain Hemlock and Alpine Tundra zones are
likely determined by depth of insulating snow
. , ' r e r  J u | i n g  u i n l e r .  T h e  e l i n l i r t e  r e g i r n e s . r s
sociated with tailed fro-e occurrcnces are sum-
rnarized in Table 2.

Although precipitatior is essential. extremc
rainfall may be detrimental. This notion dedves
tiom sanrpling along a latitudinal transect across
the nodhern Coast Mountains. in the vicinity ol
Prince Rupert, in a region of similar bedrock

geology and local relicf. On the windward side,
populations were small and scattered (e.g., Scotia
River) whereas on the leeward side. they were
larger and widcspread (e.g.. Kitimat River). The
change in tadpole densitics coincides with a marked
.h i l i  in  p rec ip i ta t ion  ieve l . .  uh ieh  drc  Iu i je . r .
high on the vindward side of the Coast Moun-
tains (c.g. .1,100 versus 2300 mm as measuled at
valley bottom stations; Meidinger and Pojar l99l ).
Higher precipitation levels conelate with more
frequent and intense raintnll. which may subject
tailed frog tadpolcs to more frequent and extreme
bedload transpo events, thcrefbre l imiting the
viability oftadpole populations in nonhcm coastal
watcrsheds.

Tailed i iog distribution is also influcnced by
geology (Sutherland and Bunnell 1999). Under-
lying geology influences the characlcr of streanl
substrates. Massive, competent rock typcs (e.g.,
granitic) generally produce coarser substrales that
are optimal habitats (Altig and Brodie 1972:
Hawkins 1988). while fractured er britt le rock
types (e.g., sedimentary) produce abundant line
gravel and sand. which is suboptimal (Dupuis and
Steventon 1999: Welsh and Ollivier 1997: Wahbe
1996). Other factors (precipitation, relief) being
equal. coarser substrates tend to bc more stable
and nlassive bedload transport events are fewer
Coarse substratcs also provide greater inte$titial
habitat and refugia in thc t'ace of channel distur
bance events. Thus. habitat is better and mortal
ity may be lower in streams underlain by compe
tent rocks.
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In Brit ish Columbia. conrpetent granitic and
metamorphic rocks of the Coast Plutonic Com-
plex underlie the main ranges oftheCoast Moun-
tains. Thus, in general the Coast Mountains pro-
r,ide good stream substrate; however local bedrock
slructure. \uch rs fault. or intense fracturing. nrrl
reduce viability ofspecific streams. East and west
, ' l ' the  in t ru . i re .p ine  ( ,1 ' lhe  Co. r . l  Mount r i r rs  l re
older volcanic and sedimentary rooks. These ar-
eas provide less suitable substrates. In the East
Kootenays, bedrock consists primarilv of
sedimentary rock, and stream channels arc typi-
cally underlain by fine gravel composed ofangu
lar clasts (rubble). This scdimcnt is rcadily mo-
bil ized and channel substrates are unstable. The
Nass Basin, also underlain by line sedimentary
rock (argillitte) is devoid oftailed frogs and may
present a barrier to northeastward migration of
the species.

In summary, the tailed frog's rangc in Brit ish
Columbia appears to be associated $'ith past and
current climatic and geological conditions. These
geoclimatic f'actors intcrplay to produce the patchy
distribution oftailcd frog populations seen within
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