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Preliminary Observations on Movements of Tailed Frog Tadpoles
(Ascaphus trueD in Streams through Harvested and Natural Forests

Abstract
Thc lailcd frog (Ar.r/rtlrr rf,.l) is designared.r species 'al risk ' or "of special concern in Californir, Oregon, Washirglon, .rnd
British Columbia. Forest pfactices olien have ncgaiivc inrpacts on Ar.r4rrr adults and larvae, iDcluding ,rbsence i?Lnn somc
clearcut areas. Recolonization of logged sircs nra) bc crirical ro s staining productile anphibian populalions. Gi\en lhc uncom
monlt long lrrval slage oi A.!.d/rllr. movements bt laNae mal be panicuiarl) important in (hc rccolonizalion of managed
fofests. We investisated mo\emcntratcs of .4 vrrtrrr lar|ae and the influence of strealn paranctcrs in lbur strsam basins transecting
recently harvested and unmanagcd lbrcsB in southwestern British Colunbia (1995. 1996. and 1999). Larvac in streams flo$'ing
through unmanaged lirrest\ mo!ed abour 7.:l timcs as far as tho\e flowing thfough cleafcuts. Slre.rnls wilhhigh lcvels oflogjanrs
showed lo$ larval noveDent rales. Recently harvcstcd sites may produce unfavorable conditions impeding recoloniration by
,1r.!rpr&! larlae. High gradient streams.rlso showcd low larval movement rates. The role of strean-dweiling larvae in dispcrsal of
,1i.rdi,r!r ir unkno$,n but would be energ) cfficicnl. bccause it can be passive with the stfean curent.

lntroduction

Many amphibian species live in habitats that are
localized orfragmentcd by human activities. Some
authors (e.g.. Welsh 1990) have argued that
recolonization of logged sites is critical to sus
taining productive amphibian populations, but
movement rnay be impcded in altered habitats.
Blaustein et al. (l994) suggested that recolonization
of sites vacated by local extinction may be difli-
cult for amphibians because: 1) physiological
constraints limit amphibians to moist habitats. 2)
many amphibians move only short distances, and
3) many amphibian species show extremc site fi-
delity. Thus. whcn local amphibian populations
become extinct, they may be lcss likely to rccover
than arc other teffapods. The mountain yellor-
legged lrog rRura nr\( orol hJ:\ become ertincl
at many high elevation sites in the Sierra Nevada
of California. Bradford (1991) suggested that
recolonization may never occur because sffeams
connecting extant populations are jnhabited by
introduced flsh that cat tadpoles.

The tailed frog (Asc4pftr.rs tr&ei) is designated
o species "at risk" or "ofspecial concen" in Cali
fomia, Oregon. Washirgton. and Brit ish Colum-
bia. Ascaphus live in fastflowing, small forest
streams with clear, cold water (Corkrm and Thoms
1996). The species requires anunusually long time
to develop. spending two to five years as lar-vae
(Mener J 964, 1967;Daugherty and Sheldon 1982a;
Brown 1990: Wnhbe 1996). Forest practices of-
ten have negative impacts on adult and larval
Ascaphls, including complete absence tiom nrany
clearcut areas (see Metter 1968: Bury 1988: Welsh
1990). Com and Bury (1989) estimated that if
Asta2h,s were extirpated from certain areas, re-
cstablishment might take 14to 40years. Daughefiy
and Sheldon (1982b) found that 507. of repro
ductively matureAscnplur remained in the same
20-m area oftheir previous capture and concluded
adultAscn2hir.r exhibit extreme site tldelity. Civen
the uncommonly long lar,'al stage ofA-rc0plrlr.
movernents by larvae may be particularly impor-
tant to recolonization of managed tbrests. Afier
clearcutting, however, small streams olten con-
tain logging debris and sedimentation that could
impede movement and recolonization byAscap&as
larvae.
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We investigated ntovement ratcs of llrra ae and
influences of stream parameters to dispersal in
managed and unmantrged tbrcsts. We tested thc
hypotheses that: 1) movement rates of Ascaphus
larvae in reccntJy harveslcd and unmanaged for
ests do not differ 2) there is no relationship be-
tween logjams and larval movement. and 3) therc
is no relationship between stream gradient and
larval movement.

Methods

Study Area

Rescarch was corrducted near Squamish in south-
westcrn British Columbia (:19" r.r.-. 122. W) wirhin
forests donrinated by westem hcntlock (Zsirga
heterophtlla). Sites werc distributed within four
stream basins that tlorv into Howe Sound (Ashlu,
Elaho, Mamquam, and Squamish Rivers), and
included old growth (250+ years old). nature
second growth (60 to 80 years since logging) and
recentclearcut (-5 years since logging). In reaches
designated as old glowth,'the predominant for-
est type in the watershed upstream from the reach
was old gro$'th. In rcaches designated as 'clea-rcut,'

the predominant foresl type in the watcrshed up
stream from the reach was clearcut.

Reachcs within eachbasin were located on three
separate tributrLries. with predominant tbrest type
being old growth. mature second growth, or.
c lc r rcu t .  Tn  l99 t ' .  the  Squrn t ish  c le r lc r r r  : i re  wa '
replaced with tlte Ashlu clearcut site due to loss
ofroad acccss. Three replicates of each forest treat-
ment were selccted. Streams were selec|cd on the
basis of lan'al presence, and were chosen upstreun
(exceptAshlu and Manquarr clearcut sites) tion
logging roads.

Stream Surveys and Parameters

We dctcrmined larval movement pattems fron)
the original site of capture. Moven'ients were as-
sessed by conducting area-conslrained stream
suNeys (adapted frolr Bury and Corn 1991 and
Shaffer et al. 1994) togcther with mark-recapture
tcchniques. Three 5-m sections (reaches) perstream
$'erc selected 25 m apart. The first (most down-
stream) reach \ias choscn ;rt random. Lar rac were
marked in these three leaches- To mlximizc nurnber
of recaptures. two additional l0-m reachcs u'ere
sampled directly below the sccond and third 5-m
rcaches (Figure 1). Area constrained searches \i'ere

performed in all rcaches by first scaruring the stream
t , r r .u r facc- l r , . . t i re  la r r rc -  then. lou  l1  Ino \  ing  u l
the sfcam tuming and brushing undersides ofrocks
arrd capturing larvae with dipnets as they became
dislodged. Seiuches were conducted between 0700
and 2200 fus, taking rhrce people an average of
three hours per sffeam. with an additional thrcc hours
to process larvae and rccord stealn parameters.

Initial surveys were in June;urd early July. Each
stueam was resLlrveyed once in July and once in

Figure 1. Sanpling schencil tial marking occuned in lhree
5-m rcaches (shaded) scparated by 25 nr sampting
t()r recaplures inclLrded !qo additional l0 mre.rches
(harched). ln the text recaprures noted for rcaches
2 and 3 include lhe contrguous l0-m reaches. AF
ro\s indicate dirccrion ofstream 1]ow.
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August (approximately 20 days part), and yielded
infomation on the cxtent of lalval movenrents.
Threc sizes ofdipnets each \\,ith I -mm mesh were
used 1br sampling; appropriate net size (width of
net: small. medium. largc) was based on domi-
nant stream substrate size.

In July. we nlcasured sffeam parameters we
thought could influence the nrovenrcnt oflan'ae:
stream gradient (using a clinometer), Iogants
(visually estimated low=1, mediun=2. high=3),
sffelrm $,etted width. and canopy closure (visu-
i l l l )  es l in la led  i l \  peraen l  e , ' re r t .  Log;anrs  uere
visually assessed and designated low. medium or
h igh  br rse , l  on  thc  dcns i t )  o l  l , ' ! \ l ' uund inoracros .
slreams. and degrce to which logs were imbed-
ded in the stream.

Mark-Recapture

Larvae caplured in the three 5-m rcaches were
rnarked with a code uniquc-lo-reach (e.g., two
notches lbr individuals captured in reach two).
Taking special care not to cut into the centnl ads
of caudal muscle, the dorsal fin of the tail rlas
rnarked with "V" shaped notches tbllowing Turer
( 1960). Notches werc visible for at leastone month
and allowed for identification of recaptures by
reach in subsequcnt strcam su eys within that
period. Aftcrarcachhad been sexrchcd, we marked
larvae, recorded data (number of notches and dis-
tance fiom upstream end of the reach), replaced
disturbed rocks. and relcased larvae less than l
meter upstrean-I from reach of capture.

We kept a subsanrple of marked larvae in a
lab enclosure to evaluate potential impacts of
marking on larual survival. A subsample of 25
larvae werc obtained and given three taillin notches
each. We kept larvae at lab conditions close to
what was found in the flcld, providirg a 6-hour
light and 18-hour dark cycle. using a timer and
fluolescent lamp. Larvae wele kept rt 5 "C in an
aquarium tilled with tiesh strcarr water and al-
gac-covered rocks. \i'ith an air pump to ox),gen-
ate the \\,ater.

Stat st ca Ana yses

Our completely randornized block design included
t\\ 'o years (l995, 1996). four rivers (Ashlu. Elaho.
Squamish, Mamquarn). and three fbrest age classes
(old growth, nrature second glowth, clearcut). The
design is unbalanced because the clearcut sitc along
the Ashlu River was sampled only in 1996, and

no recapture data were collected in the Squamish
and Elaho clearcut sites in 1995. Thesc data, how
er,er, could be evalurted by the General Linear
Model Factorial Procedure (Notusis 1993).

Results

During a 1.5-month pedod. no moftality was ob-
servcd ir larvae given three t ilfin notches and
kept in the lab. At I .75 months, three lan'ae were
found dead in the aquadum. We could not deter-
mine whether their death $'as relatcd to tailfin
notching, handling stress, discase or umatural
l iving conditions. Howcvcr, t ime to any mortal-
ity was long enough, that marking itself rvould
not have influenced rccapture estimates.

During the initial searchcs (June and July), we
captured and markcd 737 larvae; during July and
Augustwe recapn[ed 52 (about 7% recapturerate).
Although recapture numbers were low, Iarval
novement patterns dil'fcred in forest age classes
with most in old growth and fe\\,est ir clearcuts
(Table I ). Only distances of 0 to 15 m, 30 to ,15

m or 60 to 65 tn could be detected because ofthc
two slretches (15 m each) of unsampled stream
between reaches (Figure 1). No 10 m reach urs
addedbelow rcach 1 because we wishedto maintain
a distancc of 50 m from logging roads or clcarcut
edges whcre appropriate.

There was uncven distdbution ofcaptures across
reaches. which wouldbias results if, fbr example.
mosL tadpoles in streams through clea[cuts were
initially captured in rcach 1. We evaluated poten-
tial pattern in initial capture data using Kenclall's
coetTicicnt ofconcordance. Within any forest age
class thcre was no signillcant diflercncc in the
proportion of initial captures across reaches I
through 3. Kendall's coefficient of concordance
was 0.86. u'here a coclficient of 1.0 indicates
complete concordance anong ranks (asymptotic
significance = 0.051 ). Consistcnt with movement
from upper to lo*er rcaches, mtes of recapture
differed among reaches (Kendall's coefficient of
concordance = 0.149: asymptotic signil icance =
0.719). In strcams tlowing through old grorvth
and second growth. recaptwe rates in thetwo lower
reaches combined ( 1 and 2 of Figurc I ) were l2.67.
and 10.7ola, respectively;recapture rates in reach
3 vere 2.5% and 2..16lc. respectively. Convcrsely.
in clearcuts where movements $ere shortcr, lhe
recapturc rate in leach 3 was 10.5 7c but only 3.7clr
tbr the lorver two reaches (consistcnt with less

Notes: Movcments ofTailed Frog Tadpoles 19



TABLE l. Lar\ al A.t..4rl llr recaplures in lhree fores! habir.rt t! pe\ (i SE mean)-Sw ts.C. 1995 and 1996. Disrancesare melcrs
mo\cd per dav. Valuc5 jn purendreses are to|al initial capturc!. Double lalues indicute )eafs samplcd (1995/1996).

Rc!JDtures

E.re.r T\ nLi Squamisl Elaho Nlamquan Ashlu
Nlcan Distance Mean

Travelcd 1nr./da)) Gradicnt (") Width (mJ

0ld Gr0wth

Second Grolllh

l/0 l0/r 8t)
(5,1/91 (62/,101 (l l.l/36)

\,  21/1
(2t0/85)

" n/ l
r 182/.191

6/6
(t /22) l9t/r00)

1 0 1 1 . 0 0  2 . 8 0 1 0 . 1 5

1 l  t , 1 .36  3 .611  1 .18

8 . 1 3 1 1 . 0 9  2 . 8 0 1 1 . 0 2

2/O) 2/0
(s3/0) (88/ r9)

L l 1 1 0 . 3 0
(n=22)

0 .28  r  0 .10
(n= t8 )

0.15 1 0.02
(n=12 )

l l / r
( .11/30)

0/+ 0/r 6/L
(31'.) (19/t2) (69/66)

* not sampled

driti from the upper reaches). In clearcuts where
movcments were shofter 8 of 12 rccaptures had
3 tail notches.

Larvae in streams flou'ing through old growth
nro \ed  abou l  - . - l  t ime.  a :  f l r  as  tho .e  in  r t l cam. ,
flowing through clearcuts (Table 1.). The need to
replace one cle:Lrcut site (loss ofaccess) obscured
el1bfis to document a watershcd e1lect within the
General Linear Modci. but distances moved dif-
tered significantly among forest age classes.
Duncan's multiple rangc test confirmed that moye
ments in sffeams surrounded by old growth were
significantly greater (p < 0.05) than n.rovements
ln streams surrounded by clearcuts or second
growth. Maximal movements detectable within
our sampling scheme werc several times fafther
than mean values reported in Table L Over the
rverage 20-day period, larvac moved up to 3.76
ntten per day in old-growth sites,up to 1.94 meten
per day in naturc second growth sites. and up to
0.30 meters per day in clearcut sites. Our slrm

pling design could not detectupsfeam movenents
of less than 15 meters. However, we did observe
short upstream movements of 15-30 cm during
area-constlaincd seirches.

Based on simple l inear regression analyscs,
nerther movemelts per day nor rate of recapture
showed any relation with larval densities (Table
2). Rclationships ol'stream parameters with lar-
val movemcnt rates also are shown in Table 2.
We examined the potential influence of logjams
on movementratgs because all clearcuts contained
abundant logiams thal could have constrained
movernents. Thc combination of seyeral stream
parameters (stream gradient, logjams. stream
\ \e l ted  w id lh .  percen l  canop)  corer r  in  r  regre .
sion model resultcd with logjams explaining 137,
ofthe variation in movement rates (p < 0.05). On
average, levels of logging debris were 1.6 times
higher i[ clearcuts than in o]d-gro$'th streams.
Large amounts of logs in streams found mainly
in clearcuts (Figure 2a) were associated with lower

TABLE:. Larval Ar.alirh rrro\ements (nrctrs per da)) and stream parameters. \hlues in farentheses represen! alerage\ of
three |alucs. Lcvels of logjanrs prcsent afe rated as 1 = tow. I = mediun. .rDd 3 = hish. SW B.C. 1995. t996. 1999.

Wetted
% width

Logs Canop) (m)

Trcat
cnrr  Rirer

\{eters Tadpole Stream Sreanr
Movcd llelsilr" cradienr Srrean Tcnp
pcr da,"- (#/mr) (") pH ("C)

OG Squa r ish 0.3.1
OG Elaho 1.32 (0.92)

OC Manquam Ll0
SG Squamish 0.36
SG Elaho 1.06 (0.53)
SC Marnquam 0. l6
CC , \shlu 0. l9
CC Elaho 0.06 (0.13)

CC Nlamquan 0.15

0.'13 lE.o
0.7.1 6.0 (10.0)
2.10 6.0
0.85 20.0
0 .58  r  r . 0  ( 12 .0 )
0.49 5.0
0.52 8.5
0.36 r0.0 (9.2)
t.08 9.0

7 .55  10 .0
1.48 1r.31) 9.7 (8.5)
7.00 5.7
7 . , 15  l l . 5
7.16 (]  .37) 9.8 (9.8)
7.50 8. I
7.65 9.5
7 .16  (7 .36 )  11 .8  (  r 0 .0 )
1 .28  8 .8

2.0 60
2.0 ( l .7) 35 (.10)
r . 0  25
3.0 90
1.5 (2.7) 85 (90)
2.5 95
3 .0  0
2.5 (2.8) 0 10)
3.0 0

L l
2.6 (2.8)
).1
2 .1
6.6 (1.6)
2.2
1 .5
3.0 (2.,1)

LOG = old growth;  SG = second growlhl  CC = c lcarcur
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Old Growth Second G'orlh

rates of movement (Spearman's rho (r,) = 0.507:
p < 0.05: see Figure 2a-2b).

Because stream gradients diffLrcd among tleat
ncnts (Table l) we examined potential gradient
effects on distance movcd per day. Assuming a
linear rclationship, there was no signitlcant ef-
fect of stream gradient on distance movcd per day
(r: - 0.01. p > 0.05), and the extremes of move-
mcnt were higher at lower gradients (Figurc 3).
Given the possibil i ty of a lactor ceil ing distribu-
tiol 'r rcrg Thomson et al. ( 1996). thcre was rela
ti\ 'ely l i tt lc power to test the movement per day

vs. gradient relationship. This inabil ity may be
due to insufficient sampling at the upper thresh-
dd rather than the result of weak felationships.
Wider streams (i.e. large wetted $'idth) were cor-
rclated with higher rates of movement (Spearman s
rho  ( r , )  =  0 .420 p<0.05) .Therewasnorc la t ion-
ship between perccnt canopy closure and larval
ntovement rates.

Discussion

Stream ecologists use the term 'dri1t' to describe
the  L lu$  ns l re . rm mo\cmcn l  o [ \ l re rm organ i .m\
either passively with floods or actively as in be-
havioral drilt. Miiller ( 197;l) hypothesizcd that
drit i would cvcntually wash entire populations
out of streams unless organisms actjvely moved
upstream to compensatc for drift. He coined the
tenn "colonization cycle" to describe thc main-
tenancc ofstream populations through a dynamjc
interylay between downstrearn drifi and upsfcam
djspersal. It appears that Astaphus may follow
the colonization cycle. Signilicant downstream
movement by larvae is confirmcd by this study.
however. it is still not clear the extent to which
post-metamorphic A.rcdprr.r move upstream.

The role of stream dwelling larvae in the dis-
persal ofAscaplrris is unknown but would be en-
ergy-efficient. because it can be passive with the
stream current. We found such movement to be
lnuch greater in streams surrounded by old growth
regardless of gradient over a range of 4 to 44ol..
On the basis of stream gradient, second growth
stands should have shown the greatest movcmcnts
per day, followed by old glowth. then clearcuts.
That pattem was not apparent (Table 1). and m;ixi-
mal movements per day were invefsely. but not
sigDificantly related to gradient (Figwe 3).

The sampled rates of novement could be lo$
becausc tadpoles moved outside the 65 m range
of distances sampled. We believe that is unlikely
for thrce reasons. First. the late of recapture is
not uncommonly low (see review of disperslJ
studies ofSutherland et al.2000). Second, at least
some amphibians are documented to show slrong
philopary (Martof 1953; Stebbins 1954; Bell is
1965: Kleeberger and Wemer 1982; Ovaska 1988).
Third, the relative rates ofmovements among torest
agc classes suggest that othef factors are involved.
Streams in clearcuts all contained abundant de
bris and logjams, much of jt imbedded, that
could have constrained movenrents by serving
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rs dispelsal barriers. We lbund a negative re
lationship betwecn distance moyed and amount
of loli jams estimatccl in a stream. In some stud-
ics. pest-harr'est volunres of woody debris have
been reported to increase three-fold on aver-
age over prc-harvest levels (Bail l ie et al 1999).
Loglams may servc to reduce drift ratcs and pos-
sibly the recolonization potential ol Ascaphus
laIVae.

Alternatively, biomass of algae likely difTers
in maDaged and unmanaged strcants and rnay also
be intluencing lates oflarval novement. A greater
food supply in clearcut streams rcceiving greater
solar radirtion could result in lowel movement
rrtes. Pdmary production is often dircctly related
to stream gradientand incident radiation (Mclntyre
1966). Thc extreme movem(]nts (potential factor
ceil ing of Figurc 3) re consistent with the pat
tem expected fiom associations of primary pro-
duction with gradient (shorter movcments with
steeper gradients and potentially greater food
supply). Hawkins et al. ( 19133) suggested that the
higher autotrophic production that occurs af-
ter canopy removal or in naturally open stream
sections seems to be thc causative agent re-
sponsible for higher abundances of invertebrates
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and stream vertebrates. Shorter movenents per
day in clearcuts, where incident radiation was
higher and periphyton l ikely more abundant,
also are consistent with the concept of lower
food supply cncouraging l 'novement.

Our analyses indicate that movemcnts \vere
shorlcr in streams surrounded by clearcuts. and
that these sfeams contained more woody deb s.
We cannot separate potential influences of 1og-
jans and lbod production. For whatevcr reason.
in-strearn movements fiom clearcut reaches werc
less than frorn unlogged reaches.
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