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Overwintering of Columbia Spotted Frogs in Northeastern Oregon

Abstract
\\t studicd beha!ior and locations oi oveNintcring Columbia spotted frcgs in noihcaslcm Orcgon. We monitofed 66 radio-
tagged liogs as thc,v moled io or er$ interirg sires duing | 99 7 2000. Ffogs u sed a diversity ol ovcrlvi cring sites, but alIsites had
an rqu:rric componcnt including ice-covered polds (,ll%). partiall,v-frozen ponds (lgQr. lotic habilats (23?.). and temporar!
backwaters and sccp\ (,1%). The distance ber\reen the original poini of frog capture in August-September and thc ovcnvinteriDg
\ite \aried ii|)lr 15 1|) 1200 m. lndividuah in ponds werc acti\ c all ninter and remained in shallo$ rater wilhin I m ofthe shore.
Frogs o!el.!!inlcring in ponds \elected nicrohabitals wilh significantl,v highef \\'ater temperalures and djssolvcd ox,vgen concen-
trarions comparcd to other locations ir the ponds. Movcments during the o!eN!intering peiod appcarcd to be liDked to $ater
r .  r f . . J l u r e .  J  r d  d ' , 1 \ e L i  u \ \ r ' e . l  1 " n . .  r L r i l : o n . .

lntroduction

Kno*lcdge of overwintedng sites is one of the
major gaps in our understanding ofrunid ftog ecof
og)'. Authors have speculated about overwinter-
ing habitats (Nussbaum et al. 1983), but precise
overwintering locations are known for few spe
cies. Temperate marsh- and pond-dwelling ranid
liogs otien overwinter underwater although some
ofthe same species have been observcd overwin
tcring tenrstrially at lower elcvations. Overwin-
tering sitcs have been described fbr the common
frog ( Rana temporcria) (Smith 195l, Koskela and
Pasanen 197,1), pickerel fiog (R. przlasrris) (Logier
l952, Johnson 1987), leopard ftog (R. pipiens)
(Cunjak 1986. Rand 1950, Emery et al. 1972),
green frog (.R. clamitans) (Pope 1944, Pinder et
al. 1992. Lamoureux and Madison 1999), and
bulltrog (R. catesbeidtl(r') (Stinner et al. 199,1).

Oxygen depletion can kil l  or physiologically
stress tiogs overwintering in ice-covered ponds
(Bradford 1983). Recert fleld studics have shown
that overwintering tiogs remain active under ice
(Friet 1993: Stinner et al. 1994), and that local-
i /ed  dcp le l ion  o f  d i .so l reJ  u r lgen mr5  t r igger
movement. However. nrovcments also could rep-
rcscnt avoidance of low temperaturcs. For frogs
submerged undcr ice, movement between layers
of naturally occuring temperaturc and oxygen
gradients may bc necessaly for surviva] (Tatter-
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sall and Boutil ier 1997). Terestrial overwinter-
ing may minimize the risk of oxygen depletion
but may increase risk of dessication, freezing, or
predation.

Ranid frogs may aggregate in large numbers
at overwintering sitcs (Breckenridge 1914), so dis-
turbing unrecognized overwintering sites may
compromise entire populations. Recent indications
that amphibians have declined on a global scale
(Wake l99l) have increased the need lbr a more
comprehensive understanding of overwintering
pattems. To date, there have been no thorough
studies of overwintering sites of Columbia spot
ted frogs (R. luteirentris ). Ov objectives were to
ident i t l  o r  e ru  in te r ing  \ i le .  and lo  de lc rmine  lem
pentures and dissolved oxygen levcls associated
with these sites ofColumbia spotted fiogs in nonh-
eastern Oregon.

Methods

We monitored ovcrwintering activity in radio-
tagged Columbia spotted f'rogs from Scptcmber
1997 until March 2000. We radio tagged l0lrogs
(6 females, ,1 males) in 1997, ,12 frogs (27 fe-
males, 15 males) in 1998, and,18 lrogs (213 f 'e-
males, 20 males) in 1999. Frcgs were captured
in three habitat types: (l) Grande Ronde River,
(2) ponds located in the upperGrande Ronde fuver
watershed. Union County, Oregon, and (3) Craw
lish Lake, a I25,600 m': lake (10 m deep) in the
North Fork John Day River watershed of Grant
County at 2040 m in elevation. The ponds in the
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Grandc Ronde River watershcd * ere 95 ,1132 m:
in size and within 200 m of the dver ($,ithin the
lloodplain). except Rainbo$, pond, which was I
large (28,526 m2) and isolrted pond on a ridge
3600 n l lom the river. The ponds were 0.9 3 n.r
deep. and 915-1800 m in elevation. Winter air
tempcratures rn these sludy areas were usually
below frcczing trom Decembcr through Febm-
!lry. with extrcnres of -30'C in Dcccmber 1998.
All ponds were pernanent ilnd in tbrested habi-
tats.

Frogs *ere capturcd with dip nets along the
river and pond shorcs in August and Septcmber
of each ycar Frogs were sexed and weighed to
the nearcst 0.2 g, and those weighing 2 22 g were
litted with a radio transmitter. Transmitters (model
BD-2G. Holohil Systems lnc.. Ont rio. Canada)
wcighed 1.8 g. lasted 6 months. and had a range
of 200-300 m. Each transmitter was glued to a
t' lat 6-mm wide satin ribbon harness that was fit-
ted around the waist of each I'rcg (Bull 2000).
Frogs u'ere checkcd rnonthly for abrasions and
hamess fit when accessible.

Frogs were nonitored once each weck. fiom
capture until the transmitter tailed, the ftog slipped
out ofthe hamess or was killed. or the signal could
notbe detccted. We attempted to contirm the ftog's
location visually: if thc fiog was under ice, we
estlmated thc location to within 0.3 m ofthe lrog.
Each time a frog was located. we recorded the
date. acluatic habitat lype. distance from the pre-
vious location. snow depth, and the pcrcent of
$'ater surfacc ilrea covered with icc. Overwinter
ing sites were classified as icc-covered ponds.
partially-l iozen ponds, tenrporary backwatcrs.
seeps, and lotic habitats (creeks and rivers). Dis
tance lraveled to the overwintcring site was the
linear distance from the original point of capture
to the overwintering site. Water dcpth and dis
tance from shore $,ere lecorded at cach overwin
tedng site. Frogs that could not be located with
ground tracking wcrc searched for with a fixed-
rving airplane within a 5-km radius of the last
known loc tion of the frog within 2-6 wk at'ter
the fiog was nissing.

Water temperature and dissolved oxygen werc
determined in l998 and 1999; in 1997. we iden-
tified overwintering sites only. Water tenlperature
and dissolved oxy-rcn (DO) u'ere measurcd with
a pofiable YSI meter (Model 55.) and were re-
corded as close to cach liog as possiblc (typi-
cally within 0.3 m) once ice lbrmed on a pond.
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Water temperaturg and DO were trlso recorded at
one fixed lociition in each icc-covered and par-
tially-liozen pond each wcck as long as frogs wcre
monitored in that pond in 1998 and 1999. We
selected sites for fic fixed !ocations on the oppo
site end ofthe pond from the ftogs' locations and
at the sanre distance from thc shore that the lllgs
were located. Readings were taken approximately
l0 cm above the pond bottont tbr both frog and
fixcd locations. Readings at fixed locations were
intended to represent a sample ofwa[r tempera
turc and DO in each pond. but were not rccorded
at seeps, temporarv backwaters. and under banks.
Seeps and backwaters werc too small to get rcild-
inls lr"l ar iront thc frug. and brnk. !\ere inac-
cessible. Readings at fixed locations in lotic habitats
wcre not collected ailcr an interual of 2 wk be-
causc water flow resultcd in 1ew differences be-
tween llxed and frog locations. A l0-cm dianl
eter ice auger was used to reach nater fbr water
tempcrature and DO rcadings $,henice was prcsent.

Valucs ofDO and water temperature measured
r l  l i \ed  po in rs  and a l  l rog  loca t ion .  in  i .e -cor
ered and partially-fiozen ponds werc compeLred
using Wilcoxon nratched-pain signcd ranks tests
(Snedecor and Cochran 1980). Due to the qucs-
tion of independence of multiple locations on the
same hog, the mcan water temperature and DO
for each frog and lbr each fixed location in one
pond cluring the time period they \\'ere monitored
were used in the analysis. If more than one frog
was monitorcd at a pond, only data for the frog
that was monitored the longcst were used; wc only
monik)red the same data at one fixed location in
each pond. Wc used Wilcoxon matched pairs
signed lanks tcsts t0 compare DO;lnd water tem-
perature recorded at one tiog in Rainbow pond
and Crawfish Lake in 1999 whcn frogs in both
ponds wcre monitored (data paired by date). Dis-
tanccs that each frog traveled between succes-
sive visits were compared at Rainbow pond and
Crawfish Lake before and atier the surface froze
and betwccn sites using t-tcsts fter tansfomt-
ing the data (base 101og transtbrmation) to achieve
nonnality. The level of significance was sct at P
= 0 .05 .

Besults

From 1997 to 1999. 68 fiogs wcre radio taggcd
in ponds and 32 frogs tagged along vers. Eight.
23, and 35 frogs were tracked to overwintcring
sites in 1997, 1998. and 1999; the remainder of



thc ilgs died. slipped transmitters, or had trans-
mitters fail. Of the 66 fiogs monitoled to over-
$intering silcs. 29 overqintered in ice-covcrcd
ponds. l9 in partially frozen ponds, l5 in lotic
habitats.2 in tempor ar1' back*'aters. and 1 in a
seep (Figure I ). Seven of ,16 l'rogs originally cap-
tured in ponds and 9 of 20 i i-ogs originally cap-
turcd in the dver. noved a mean distance of 275
1.1.3 rn to a di1l-erent site to ovcrwinter between
21 September and l3 October. Thc othcr 50 frogs
orc ru  in le reJ  in  r l rc  o r ie in r l  j rp lu re  . i le .

lce-coverco

- ponds (44%)

. . \

TABLE L Nle.rn (1SE) mcasurc cnts ofd issol \ 'ed o\ lgen
(mg/ l ) . rnd salcr  tc  rpcrature ("C) at  f rog loca-
lion\ and a! fi{cd points in ice-covered ponds.
parlially iioTcn ponds. and lotic h.rbitats usedtbr
o\crwintering b} Columbia spotted liogs in noah
cistcr. Oregon. 1999-1000.
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2 .1  1 { ) . 5

0.- l  r  {).13 . 1 1 0 . 3
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Lotic habitats (23%)

figur.i L Proportional u\e of overuirrering !ircs ol (itrm

bja sNtted n.ogs, l99l 1000.

lce Covered Ponds

l !  en t )  n ine  l ro ! .  r r \  e |u  in tc | t  d  in  .e r  en  ic<  cor  -

ered ponds (Figurc 1). Mean area of these pords
equalcd 22,275156.4 r'nr, and mean dcpth equaled
2..1 :! 0.6 m. Surfaces froze fbr all purds by late
November or erLrl,v Decenrbercach year and thau,ed
betu'een March and May. Once the pond surface
frozc, DO declined over the wintcr (Table I ). For
frogs that overwintered undcr thc ice, DO levels
were significantly highcr (Z = 2.53. P = 0.012)
at frog locatiols than at fixed points, but \\"ater
temperatures clid nol differ statistically (Tlblc I ).

Becausc ol'their lalge sizes. only Rainbow and
Crawfish offered oppoftunitie! fbr cxlensive flog
molenrcnts. Frogs under ice at Rlinbow moved
throughout the \\"irter: 907c oflocations of I,1fiogs
\l crc wilhin I m of shore and in watcr < 1m deep.
Distances traveled by frogs before and after the
pond's surfacc froze were significantly diflerent
in 1997 (r = 2.10. 97 dt, P =0.039) and in 1999 (r
= 2.25.29 df. P < 0.001 ) but did nol differ statis-
tically in 1998 (Figurc 2). After ice covered tbe
surface of the pond. 71Vc of thc locations of 14
liogs were fbund on the north shore. which lacked

emergent or submer-ucnt vcgetation. In contrast.
beforc ice lbnned. 977c of the locations of thesc
1,1 frogs were found on the west, east, and soulh
shores u'here enrergent vcgelation grew.

ln contrast. frogs at Crawfish Lake moved sig-
nificantly shorter distances than frogs at Rain-
bow pond ( r  =  5 .6 .+ .71dt ' ,P<0.001)a f re r rhc
sulface froze in 1999 (Figurc 2). DO did not dif
fer significantly betwccn the ponds, although \\"ater
tcmpemture was significantly higher at Rainbow
pond (Z = 2.20. P = 0.028). Frogs in Crawfish
Lake moved to a specific ovem'intcring location
by mid-October. where they remained hidden undcr
logs in water < 30 cm and within 50 cm of the
shore for the winter. Distanccs Lraveled by frogs
afier ice formcd rvele significantly less than be-
fore ice formed ( (/ = -5.64, 97 dl', P < 0.001:
Figure 2).

Hollow chambers occLnr€d undcr banks along
the edge of two ice-covered ponds, and all 12 ra-
dio tagged frogs in these ponds ovcrwintered in

Overrvintering Columbia Spolted Frogs l,+3

l.,l t 0.3 0..1 I 0.0
0 . 6 t 0 . 1

2 . 6 1 0 . 3  0 . 8 1 0 . 1
0 .610 .3

10



40

35

30

za

20

1 5

0

I Before ice
m Aftet icr-

**

E
o
(J
c
o
.9.
o

"t997 I  OOA

Rainbow
1999 't999

Crawfish

Figure L Mean distances (SE shorn b) lincs) llaveled by fadio-tagged Columbia spottcd lrogs belween consecurive locations
before and af tcr  icc lomed at  Rainbo$'pond duf ing three $intcrs (1997 1998, l99i l -1999. and 1999 2000) and ar
Cfa$ f ish Lake dur ing on! '  u in lcr  (  1999 2000):  " :  P < 0.05,  r ' r ' :  l ,  < 0.001.

those chambers. Banks had access points through
entrance tunnels 10-20 cm in diameter and at or
bclo$'the $ ater surlace. Frogs first entercd b;ink
sites bet$,een 7-8 Octobcr 1997. 12-26 Octobef
1998, and l5-23 November 1999. ln 1997 and
1999. trogs renained in thc banks fbr the entire
winter In 1998. when the water level was 25 cm
higher, frogs movcd bet$een the bank sites and
the pond during the $,inter This higherwater level
rcsultcd in the entrunces to the fi\'e bank sitcsbcing
submerged, thus accessiblc to the 1'rogs under the
icc. Five of the six ftogs monitored in 1998 used
more than one bank site in the wintcr. A1l tiogs
over wintered in situalions with an air pocket over
water in the situations where we could examine
the chamber under the bank.

Part al yJrozen Ponds

Nineteen frogs overwintered in seven ponds with
partially-tiozen surfaces that typically had small
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;reas (0.5 10 mr) of open water surounded by
icc all *inter These ponds had a mean surface
area of 793 t 28.0 mr and a mean depth of 1.2 t
0.4 m. The majority (95-997.) of pond surtaces
froze in November and thawed in March. Open
$,ater resulted from an upwelling ol wanler wa-
ter tiom springs in these otherwise frozcn ponds.
Frogs occurred in these arcas of warmer water at
> 907o of the locations after nlost of the surface
of the ponds froze. Water was significantly warmer
and DO significantly higher at frog locations than
at f ixed locations (Z = -2.37. P = 0.018t Z = -2.37 ,
P = 0.0ll l) (Table l).

AII 19 frogs wcrc in the $,amel water at the
overwintering sites between 7 September and 9
Novembcr each year Frogs stayed in the ice-fiee
a[ea a]l winter and usually traveled < 6 m from
the previous location each week. Water depth at
the overwinter sites ranged from l0-80 cm; dis-
tance from shore ranged fiom 20 600 cm.



Lot c Habitats

Twelve frogs overwintered in the Gr-ande Ronde
River and three in creeks flowing in and out of
Cr ru l ' i :h  L r lc .  the  l2  f rog .  in  the  l i re r  o rer
winlcrcd under banks (n = 9), in a pool l.2 m
deep (n = l), along the dver edge (n = l). and
hiddcn in the submerged grass on the outside of
a bank (n = I ). DO levels were high in the river
throughout the winter compared to ponds (Table
l). The river surface rvas typically f iozcn between
late Dcccmbcr and mid-February, although wa
ter florved under the ice all winter. Of the nine
frogs overwintering under banks. six u'ere under
an overhanging ledge, t$,o were between the origi-
nal bank and a piece of sod that had collapsed
inLo the river. one was in a 6 cm diameter hole
that went back into the bank. and one was under
a log in the bank. An air-water intellace occurred
at each site. Water depth at bank sites ranged fiorn
8 to 90 cm. Flogs that overwintered under banks
movcd < 5 m between consecutive visits. $'hile
trvoofthethree tiogs not protected by banks moved
,170 and 500 m do$ nstream in December and
January.

The flo$' of the two crceks where three trogs
o\,erwintered kept the u'ater surtace fiom fieez-
ing all winter. One site remained open to the air.
and the second site *'as undcr I .7 m of snow. A11
three lrcgs remained under logs in 25-40 cm of
water and u'ere 30-100 cm flom shorc whilc at
these sites. DO levels remained high (8.5-10.0
mg/l) at both crceks all winter.

Temporary Backwaters and Seeps

Two tiogs overwintered in backrvatcrs (2 and 10
nr in size) off the main river where some t'low
existed duling wilter but none during late sum-
mel. One frog remained under a log in one back-
$'ater l8 cm deep, and the other fiog \\"as under a
bank -57% of the time that it u as located and in
thc open water (25 cm deep) during the remain-
der. Both frogs moved < 2 m between consecu
tive locations within the backwaters

One frog moved 125 m from Rainbow pond
lo a 5eep or I I October lqgo u here i l ,.rr eru in-
tcred. The seep occurred under the root wad of a
fall tree in a forested stand of Engelnrann spruce
(Pitea engelmunnii) with grass and moss ground
cover md small pools ofstanding watcr. The water
under the root wild never fioze during thc wintcr,

although the DO dropped below 1.0 mg/l during
Febmary within 0.5 m of the trog.

Discussion

Columbia spotted lrogs in nodheastern Oregon
ovcrwinter in an envirorunentwith relatively harsh
conditions. where treezing of the tiogs is a risk.
Strategies for overwintering survival include cold-
induced reductions in activity levels and neta
bolic rates (Boutil icr ct al. 1997), and avoidance
oftieezing and anoxic conditions. Additional risks
in some aquatic environments include prcdation
and scouring. To avoid these risks, Columbia spot
ted frogs overwintcrcd undcr banks and in icc-
covered ponds, and maintained considerable
mobil ity in water below 3'C.

In ice-covered ponds, scouring is not present
and the risk of predation (except by fish) and freez-
ing is low. but DO may be a determinant of sur
vival. Anaerobic metabolism is adequate for
anurans to survive brief anoxic periods: they rnust
lrove to afeas of high oxygen content for long
term survival (Penny 1987). High monality w:rs
observed in mountain yellow-legged fiogs (R.
nruscasa) overwintering in ice-covered lakes at
high elevation due to oxygen depletion (Bradtbrd
1983). Winterkill of fuogs is ftequent when snow
covered ponds result in an oxygcn dcficicnt cn-
vironrnent (Pindcr ct al. 1992).

In partially-frozen ponds. $,arm watcr upwcll-
ings keep a poltion of the surface ice free. This
would allou, l ight te reach the pond's primary
produce$, thus increasing DO levels. Frogs may
prefer higher temperaturcs bccausc thcy cnhancc
locomotory function and maintain conditions that
allow air-breathing.

Under conditions in which sufticient DO is
available (i.e., nonnoxic), submcrgcd frogs prc-
t-er to remain as warm as possible (Tattersall and
Boutil ier 1997, 1999). This behavior might ex
plain the signiticantly higher $'ater temperatures
at frog locations compared to fixed locations thal
we observed. The ability to femain active tlxough
out the winter allows the frogs to take advantage
of lavolable areas in thermally and chemically
stratified bodies of water (Tattersall and Boutilier
1997,  r  999) .

Although some aquatic plants can continue
photosynthesis under ice and snow. thc scasonal
dieback ofaquatic plants olien results in clcvatcd
detrital decomposition and a net reduction in
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oxygen (Marchand 1996). Rosc and Crumpton
( 1996) found that sites within emergcnt srands of
nacrophvtes in ponds had cxtremely low DO con-
centntions and werc almost continuously anoxic:
the highest DO levels were il] opcn water. ]n our
study. movernents of frogs and their preferenccs
for the north shore after ice fbrmed at Rainbow
may rcpresett a rcsponse to higher levcls of DO
because aquatic vegctation $,'as absent on thc nofth
shorc.

AltematiYely, lt1ck of movcment by frogs at
Crawtlsh Lakc aiter ice formed (wirh DO levels
equivalent to those at Rainbow pond) nay have
been a response to predatioll risk by eastem brook
ttort (Sah,eliat.\ lirrtin.rli.r). Emelv ct al. (l9?2)
tbund l'rogs in splake r'Sch'e1iu!.t linninali.t X S.
rnnav'ush) and rainborv tro:Jt (O corh| Lhu.e
nr r  l r , .  r  : lumrchs  in  p . rnds  in  lhe  u  in te r .  l l  \ .un
trasl. fiogs at Rainbow. which lacked both fish as
predators and logs as cover. \rere not locatcd io
specitic ovclwintering sites.

Frog plefercnce tbr shallow water ncarthe shorc
1rr icc-covered ponds couldbc a response to higher
levels of DO that occur at the ice-water interl 'ace
(Boutilicretal. 1997) or a means ofavoiding preda-
torv llsh at Crawtlsh Lakc. In addition. lakes may
be markedly hypoxic ar deplhs ol2-.1m (Boutil ier
c t  a l .  199?) .

Unfrozen rvater and an air pocket were prcsent
in the bank sites that we could access. Bank sitcs
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rnay allow frogs to overwinter in ponds where
DO levels in open u'ater i'all below 2.0 mg/l for
extended pedods.

In lotic habitats, u'here DO levels and tieez
ing are less likely. unpredictabiliry of llow and
predators may present more substantial risks to
overu,intering fiogs. Frogs under banks along rivers
avoid both scouring and predation.

Dif 'terent ovcrwintering strategies in Colurr-
bia spotted frogs appear to rcsult fron tradeoffs
among faclors that may c()mprornise survival at
diff'erent sitcs. Our data, which lbcused on the
potential dsks posed by oxygen limitation and
freczing. indicate that selected sites generalJv
minimized thc risks of both. Oxvgcn limitarion
may be a prominent risk lactor at high elevation
sites because these typicallv are capped by ice.
Additional intbrmarion is srill necded on the sub-
merged DO levcls that this species can tolerale
during the winter. the exact nature of bank silcs.
and the extent that predation plays in the selec-
tion of overwintering sites.
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