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Overwintering of Columbia Spotted Frogs in Northeastern Oregon

Abstract

We studied behavior and locations of overwintering Columbia spotted frogs in northeastern Oregon, We monitored 66 radio-
tagged frogs as they moved t overwintering sites during 1997-2000. Frogs used a diversity ol overwintering sites, but all sites had
an aquatic component including ice-covered ponds (44%), partially-frozen ponds (29%). lotic habitats (23%), and temporary
backwaters and sceps (4%). The distance between the original point of frog capture in August-September and the everwintering
site varied from 15 to 1200 m. Individuals in ponds were active all winter and remained in shallow water within 1 m of the shore.
Frogs overwintering in ponds selected microhabilats with significantly higher water temperatures and dissolved oxygen concen-
trations compared to other locations in the ponds, Movements during the overwintering period appeared to be linked to water

temperatures and dissolved oxygen concentrations.

Introduction

Knowledge of overwintering sites is one of the
major gaps in our understanding of ranid frog ecol-
ogy. Authors have speculated about overwinter-
ing habitats (Nussbaum et al. 1983), but precise
overwintering locations are known for few spe-
cies. Temperate marsh- and pend-dwelling ranid
frogs often overwinter underwater, although some
of the same species have been observed overwin-
tering terrestrially at lower elevations. Overwin-
tering sites have been described for the common
frog {Rana temporaria) (Smith 1951, Koskela and
Pasanen 1974), pickerel frog (R. palustris) (Logier
1952, Johnson 1987), leopard frog (R. pipiens)
(Cunjak 1986, Rand 1950, Emery et ul. 1972},
green frog (R. clamirans) (Pope 1944, Pinder et
al. 1992, Lamoureux and Madison 1999), and
bullfrog (R. catesheiana) (Stinner et al. 1994).

Oxygen depletion can kill or physiologically
stress frogs overwintering in ice-covered ponds
(Bradford 1983). Recent field studies have shown
that overwintering frogs remain active under ice
{Friet 1993; Stinner et al. 1994), and that local-
ized depletion of dissolved oxygen may trigger
movement. However, movements also could rep-
resent avoidance of low temperatures. For frogs
submerged under ice. movement between layers
of naturally occurring temperature and oxygen
gradients may be necessary for survival (Tatter-
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sall and Boutilier 1997). Terrestrial 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
atoverwintering sites (Breckenridge 1944}, so dis-
turbing unrecognized overwintering sites may
compromise entire populations. Recent indications
that amphibians have declined on a global scale
(Wake 1991) have increased the need for a more
comprehensive understanding of overwintering
patierns. To date, there have been no thorough
studies of overwintering sites of Columbia spot-
ted frogs (R. luteiventris). Our objectives were to
identify overwintering sites and Lo determine tem-
peratures and dissolved oxygen levels associated
with these sites of Columbia spotted frogs in north-
eastern Oregon,

Methods

We monitored overwintering activity in radio-
tagged Columbia spotted frogs from Scptember
1997 until March 2000. We radio-tagged 10 frogs
(6 females, 4 males) in 1997, 42 {rogs (27 fe-
males, 15 males) in 1998, and 48 frogs (28 fe-
males, 200 males) in 1999. Frogs were captured
in three habitat types: (1) Grande Ronde River,
{2} ponds located in the upper Grande Ronde River
watershed, Union County, Oregon, and (3) Craw-
fish Lake, a 125,600 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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Grande Ronde River watershed were 95-4132 m?
in size and within 200 m of the river (within the
floodplain}, except Rainbow pond, which was a
large (28,526 m?} and isolated pond on a ridge
3600 m {rom the river. The ponds were 0.9-3 m
deep, and 915-1800 m in elevation. Winter air
temperatures in these study areas were usually
below freezing from December through Febru-
ary. with extremes of -30°C in December 1998,
All ponds were permanent and in forested habi-
tats.

Frogs were caplured with dip nets along the
river and pond shores in August and September
of each year. Frogs were sexed and weighed to
the nearest 0.2 g, and those weighing > 22 g were
fitted with a radio rransmitrer, Transmitters {model
BD-2G. Holohil Systems Inc., Ontario, Canada)
weighed 1.8 g, lasted 6 months, and had a range
of 200-300 m. Each transmitter was glued to a
flat 6-mm wide satin ribben harness that was fit-
ted around the waist of each frog (Bull 2000).
Frogs were checked monthly for abrasions and
harness fit when accessible.

Frogs were monitored once each weck, from
capture until the transmitter failed, the frog slipped
out of the harness or was killed, or the signal could
not be detected. We attempted to confirm the frog's
location visually; if the frog was under ice, we
estimated the Iocation te within 0.3 m of the frog.
Each time a frog was located, we recorded the
date, aquatic habital type, distance from the pre-
vious location. snow depth, and the percent of
water surface area covered with ice. Overwinter-
ing sites were classified as icc-covered ponds,
partially-frozen ponds, temporary backwaters,
seeps, and lotic habitats (creeks and rivers). Dis-
tance traveled to the overwintering site was the
lingar distance from the original point of capture
to the overwintering site. Water depth and dis-
tance from shore were recorded at cach overwin-
tering site. Frogs that could not be located with
ground tracking were searched for with a fixed-
wing airplane within a 3-km radius of the last
known location of the frog within 2-6 wk after
the frog was missing.

Water temperature and dissolved oxygen were
determined in 1998 and 1999; in 1997, we iden-
tified overwintering sites only. Water temperature
and dissolved oxygen (DO} were measured with
a portable YSI meter (Model 55) and were re-
corded as close to cach frog as possible (typi-
cally within 0.3 m) once ice formed on a pond.
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Water temperature and DO were also recorded at
one fixed location in each ice-covered and par-
tially-frozen pond each wecek as long as frogs were
monitored in that pond in 1998 and 1999, We
selected sites for the fixed locations on the oppo-
site end of the pond from the frogs’ locations and
at the same distance from the shore that the frogs
were located. Readings were taken approximately
10 cm above the pond bottom for both frog and
fixed locations. Readings at fixed locations were
intended to represent a sample of water tempera-
ture and DO in each pond, but were not recorded
at seeps, temporary backwaters, and under banks.
Seeps and backwaters were too small to get read-
ings away from the frog, and banks were inac-
cessible. Readings at fixed locations in lotic habitats
wcre not collected after an interval of 2 wk be-
cause water flow resulted in few differences be-
tween fixed and frog locations. A 10-cm diam-
eter ice auger was used to reach water for water
temperature and DO readings when ice was present,

Values of DO and water temperature measured
at fixed points and at frog locations in ice-cov-
ered and partially-frozen ponds were compared
using Wilcoxon matched-pairs signed ranks tests
{Snedecor and Cochran 1980). Due to the ques-
tion of independence of multiple locations on the
same frog, the mean water temperature and DO
for each frog and for each fixed location in one
pond during the time period they were monitored
were used in the analysis. If more than one frog
was monitored at a pond, only data for the frog
that was monitored the longest were used; we only
monitored the same data at ene fixed location in
each pond. We used Wilcoxon matched-pairs
signed ranks tests to compare DO and water tem-
perature recorded at one frog in Rainbow pond
and Crawfish Lake in 1999 when frogs in both
ponds were monitored {data paired by date). Dis-
tances that each frog traveled between succes-
sive visits were compared at Rainbow pond and
Crawfish Lake before and after the surface froze
and between sites using t-tests after transform-
ing the data (base- 10 log transformation) to achieve
normality. The level of significance was set at P
=0.05.

Results

From 1997 to 1999, 68 frogs were radio-tagged
in ponds and 32 fregs tagged along rivers. Eight.
23, and 35 frogs were tracked to overwintering
sites in 1997, 1998, and 1999; the remainder of




the frogs died, slipped transmitters, or had trans-
mitters fail. Of the 66 frogs monitored to over-
wintering sites, 29 overwintered in ice-covered
ponds, 19 in partially-frozen ponds, 15 in lotic
habitats, 2 in temporary backwaters, and 1 in a
seep (Figure 1). Seven of 46 {rogs originally cap-
tured in ponds and 9 of 20 frogs originally cap-
tured in the river, moved a mean distance of 275
+ 4.3 m to a different site to overwinter between
21 September and 13 October. The other 50 frogs
overwintered in the original capture site.

lce-covered
U ponds {44%)

Seeps (1%)
.J Backwaters (3%)

Lotic habitats {23%)
ponds {29%)

Figure |. Proportional use of overwintering sites of Colum-
bia spotted frogs, 1997-2000.

ice-Covered Ponas

Twenty-nine frogs overwintered in seven ice-cov-
ered ponds (Figure 1). Mean area of these ponds
equaled 22,275 £ 56.4 m?, and mean depth equaled
2.4 + 0.6 m. Surfaces froze for all ponds by late
November or early December cach year and thawed
between March and May. Once the pond surface
froze, DO declined over the winter (Table 1). For
frogs that overwintered under the ice, DO levels
were significantly higher (Z = -2.53, £ =0.012)
at frog locations than at fixed points, but water
temperatures did not differ statistically {Table 1).

Because of their large sizes., only Rainbow and
Crawfish offered opportunities for cxlensive frog
movements. Frogs under ice at Rainbow moved
throughout the winter;, 90% of locations of 14 frogs
were within 1 m of shore and in water < 1m deep.
Distances traveled by {rogs before and after the
pond’s surface froze were significantly different
in 1997 (r=-2.10, 97 df, P =0.039) and in 1999 (¢
=2.25,29df. P <0.001) but did not differ statis-
tically in 1998 (Figure 2). After ice covered the
surface of the pond, 71% of the locations of 14
frogs were found on the north shore, which lacked

TABLE 1. Meun (£5E) measurements of dissolved oxyvgen
(mg/} and water wemperature (°C) at frog loca-
tions and at fixed points in ice-coversd ponds.
partialty-frozen ponds, and lotic habitats used for
overwintering by Columbia spotted frogs in north-
castern Oregon, 1996-2000.

Variable/ lce-covered  Partialiy-lrozen Lotic
month ponds ponds habitats
Dissolved oxygen

December
Frogs 72206 4605 11.9+04
Fixed 1606 4.0+04

January
Frogs 7.0=05 44 +0.4 11.4+0.3
Fixed 2.1x04 25x04

February
Frogs 5807 4.7+038 109 206
Fixed 1.0£0.2 21205

Water temperature

December
Frogs 06x0.1 37103 0.4x0.1
Fixed 0.4+0.1 1.3£0.2

January
Frogs 03201 2403 0.4+0.0
Fixed 0.2+0.0 0.6£0.1

February
Frogs 0.50.1 26=x03 08+£01
Fixed 03x01 t6£03

No. of frogs

at each habitat 8 8 10

emergent or submergent vegetation. In contrast.
before ice formed. 97% of the locations of these
14 frogs were found on the west, east, and south
shores where emergent vegetation grew.

[n contrast. frogs at Crawtish Lake moved sig-
nificantly shorter distances than frogs at Rain-
bow pond (r = -5.64. 71 df, P < 0.001) after the
surface froze in 1999 (Figure 2). DO did not dif-
fer significantly between the ponds, although water
temperature was significantly higher at Rainbow
pond (7 =-2.20, P = 0.028). Frogs in Crawfish
Lake moved to a specific overwintering location
by mid-October, where they remained hidden under
logs in water < 30 cm and within 50 cm of the
shore for the winter. Distances raveled by frogs
after ice formed were significantly less than be-
fore ice formed ( (f = -5.64, 97 df, P < 0.001;
Figure 2).

Hollow chambers occurred under banks along
the edge of two ice-covered ponds, and all 12 ru-
dio-tagged frogs in these ponds overwintered in
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Figure 2. Mean distances (SE shown by lines) traveled by radio-tagged Celumbia spotted [rogs between consecutive locations
before and after 1ce formed at Rainbow pond during three winters (1997-1998, 1998-1999, and 1999-2000) and at
Crawtish Lake during one winter (1999-2000):; *: P < 0.03, **: P < (0.001.

those chambers. Banks had access points through
entrance tunnels 10-20 ¢m in diameter and at or
below the water surface. Frogs first entered bank
sites between 7-8 October 1997, 12-26 October
1998, and 15-23 November 1999. In 1997 and
1999, frogs remained in the banks for the entire
winter. In 1998, when the water level was 25 ¢cm
higher, frogs moved between the bank sites and
the pond during the winter. This higher water level
resulted in the entrances to the five bank sites being
submerged, thus accessible to the frogs under the
ice. Five of the six frogs monitored in 1998 used
more than one bank site in the winter. All frogs
overwintered in situations with an air pocket over
water in the situations where we could examine
the chamber under the bank.

Fartially-frczen Ponds

Nineteen frogs overwintered in seven ponds with
partially-frozen surfaces that typically had small
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areas (0.5-10 m?) of open water surrounded by
ice alt winter, These ponds had a mean surface
area of 793 + 28.0 m? and a mean depth of 1.2 +
0.4 m. The majority (95-99%) of pond surfaces
froze in November and thawed in March. Open
water resulted from an upwelling of warmer wa-
ter from springs in these otherwise frozen ponds,
Frogs occurred in these areas of warmer water at
> 90% of the locations after most of the surface
of the ponds froze. Water was significantly warmer
and DO significantly higher at frog locations than
at fixed locations (Z=-2.37, P=0.018; Z=-2.37,
P =0.018) (Table 1).

All 19 frogs were in the warmer water at the
overwintering sites between 7 September and 9
November each year. Frogs stayed in the ice-free
area all winter and usvally traveled < 6 m from
the previous location each week. Water depth at
the overwinter sites ranged from 10-80 cm; dis-
tance from shore ranged from 20-600 cm.




Lotic Habitats

Twelve frogs overwintered in the Grande Ronde
River and three in creeks flowing in and out of
Crawfish Lake. The 12 frogs in the river over-
wintered under banks (n = 9}, in a pool 1.2 m
deep (n = 1), along the river edge (n = 1), and
hidden in the submerged grass on the outside of
a bank (n = 1). DO levels were high in the river
throughout the winter compared to ponds (Table
1} The river surface was typically frozen between
late December and mid-February, although wa-
ter flowed under the ice all winter. Of the nine
frogs overwintering under banks. six were under
an overhanging ledge, two were between the origi-
nal bank and a piece of sod that had collapsed
into the river, one was in a 6-cm diameter hole
that went back into the bank, and one was under
alog in the bank. An air-water interface occurred
at each site. Water depth at bank sites ranged from
8 1o 90 cm. Frogs that overwintered under banks
moved < 5 m between consecutive visits, while
two of the three frogs not protected by banks moved
470 and 500 m downstream in December and
January.

The flow of the two creeks where three frogs
overwintered kept the water surface from freez-
ing all winter. One site remained open to the air,
and the second site was under 1.7 m of snow. All
three frogs remained under logs in 25-40 cm of
water and were 30-100 cm from shore while at
these sites. DO levels remained high (8.5-10.0
mg/1) at both creeks all winter.

Temporary Backwaters and Seeps

Two frogs overwintered in backwaters (2 and 10
m? in size} off the main river where some flow
existed during winter but nene during late sum-
mer. One frog remained under a log in one back-
water 18 cm deep, and the other frog was under a
bank 57% of the time that it was located and in
the 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
to a seep on 11 October 1999 where it overwin-
lered. The seep occurred under the root wad of a
fall tree in a forested stand of Engelmann spruce
(Picea engelmannii) with grass and moss ground
cover and small pools of standing water. The water
under the root wad never froze during the winter,

although the DO dropped below 1.0 mg/1 during
February within 0.5 m of the frog.

Discussion

Columbia spotted frogs in northeastern Oregon
overwinter in an environment with relatively harsh
conditions, where freezing of the frogs is a risk.
Strategies for overwintering survival include cold-
induced reductions in activity levels and meta-
bolic rates (Boutilicr et al. 1997}, and avoidance
of freezing and anoxic conditions. Additional risks
in some aquatic environments include predation
and scouring. To avoid these risks, Columbia spot-
ted frogs overwintered under banks and in ice-
covered ponds, and maintained considerable
mohility 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 must
move to areas of high oxygen content for long-
term survival (Penny 1987). High mortality was
observed in mountain yellow-legged frogs (R,
muscosa) overwintering in ice-covered lakes at
high elevation due to oxygen depletion (Bradford
1983). Winterkill of frogs is frequent when snow-
covered ponds result in an oxygen deficient en-
vironment (Pinder et al. 1992).

In partially-frozen ponds, warm water upwecll-
ings keep a portion of the surface ice-free. This
would allow light to reach the pond’s primary
producers, thus increasing DO levels. Frogs may
prefer higher temperatures because they enhance
locomotory function and maintain conditions that
allow air-breathing.

Under conditions in which sufficient DO is
available (i.e., normoxic), submerged frogs pre-
fer to remain as warm as possible (Tattersall and
Boutilier 1997, 1999). This behavior might ex-
plain the significantly higher water temperatures
at frog locations compared to fixed locations that
we observed. The ability to remain active through-
oul the winter allows the frogs to take advantage
of favorable areas in thermally and chemically
stratified bodies of water {Tattersall and Boutilier
1997, 1999).

Although some aquatic plants can continue
photosynthesis under ice and snow, the scasonal
dieback of aquatic plants often results in elevated
detrital decomposition and a net reduction in
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oxygen {Marchand 1996). Rosc and Crumpten
(1996) found that sites within emergent stands of
macrophytes in ponds had extremely low DO con-
centrations and were almost continuously anoxic;
the highest DO levels were in open water. In our
study, movements of frogs and their preferences
for the north shore after ice formed at Rainbow
may represent a response to higher levels of DO
because aquatic vegetation was absent on the north
shore.

Alternatively, lack of movement by frogs at
Crawfish Lake after ice formed (with DO levels
equivalent to those at Rainbow pond) may have
been a response to predation risk by eastern brook
trout {Salvelinus foritinalis). Emery ct al, (1972)
tound {rogs in splake (Salvelinus jontinalis X 5.
namaycush) and rainbow trout (Oncorhiviichus
miykiss) stomachs in ponds in the winter. In con-
trast, frogs at Rainbow, which lacked both fish as
predators and logs as cover, were not located in
specific overwintering sites,

Frog prefercnce for shallow water near the shore
in tce-covered ponds could be a response 1o higher
levels of DO that occur at the ice-water interface
(Boutilicretal. 1997) or a means of avoiding preda-
tory fish at Crawfish Lake. In addition, lukes may
be markedly hypoxic at depths of 2-4 m (Boutilier
ct al. 1997).

Unfrozen water and an air pocket were present
in the bank sites that we could access. Bank sites

Literature Cited

Boudlier. R. G.. P. H. Donohoe, G. 1. Tartersall, and T. G.
West. 1997, Hypometabolic homeostasis in overwin-
tering aguatic amphibians. Journal of Experimental
Biology 200:387-400.

Brad(ord, D. F. 1983, Winterkill, oxygen relations, and en-
ergy metabolism of a submerged dormant amphibian,
Rana muscoya, Ecology 64:1171-1183.

Breckenridge, W. J. 1944, Reptiles and Amphibians of Min-
nesota. University of Minnesota Press. St. Paul, Min-
nesota.

Bull. E. L. 2000, Comparison of two radio transmitter artach-
ments on Columbia sported frogs. Herpetological
Review 31:26-28.

Cunjak. R. A, 1986. Winter habitat of leopard frogs, Rana
pipiens. in a southern Ontario stream. Canadian Jour-
nal of Zoology 64:255-257,

Emery, A. R., A, H. Best, and K. Kedaira. 1972, Under-ice
observations of wintering sites of lcopard frogs. Copeia
1972:123-126.

Friet. §. C. 1993. Aquatic overwintering of the bullfrog (Rane
catesbeiana) during natural hypoxia in an ice-covered

146 Bull and Haves

may allow frogs to overwinter in pends where
DO levels in open water fall below 2.0 mg/1 for
extended periods.

In lotic habitats, where DO levels and freez-
ing are less likely, unpredictability of flow and
predators may present more substantial risks to
overwintering frogs. Frogs under banks along rivers
aveld both scouring and predation.

Ditferent overwintering strategies in Colum-
bia spotted frogs appear to result from tradeoffs
among factors that may compromise survival at
different sites. Qur data, which focused on the
potential risks posed by oxygen limitation and
freezing. indicate that selected sites generally
minimized the risks of both, Oxygen limitation
may be a prominent risk factor at high elevation
sites because these typically are capped by ice.
Additional information is still needed on the sub-
merged DO levels that this species can tolerate
during the winter, the exact nature of bank sites,
and the extent that predation plays in the selec-
tion of overwintering sites.

Acknowledgements

Jay Shepherd conducted the statistical analyses.
Lisa Hallock and Peter Hovingh reviewed an earlier
draft of the manuscript, Frogs were handled un-
der a scientific taking permit from the Oregon
Department of Fish and Wildlife.

pond. M.S. Thesis, Dalhousie University, Halifax, Nova
Scotia.

Johnson, T. R. 1987. The Amphibians and Reptiles of Mis-
souri, Missouri Deparument of Conservation, Jetlerson
City, Missouri.

Koskela, P.. and S. Pasanen. 1974, The wintering of the com-
mon frog, Randa temporaria L.. in nerthern Finland.
Aquile (Zoologica) 15:1-17.

Lamoureux, V. S, and D. M. Madison. 1999. Overwintcring
habitats of radio-implanted green frogs. Rana
efamirans. Journal of Herpetology 33:430-433.

Logicr, E. B. 8. 1952, The Frogs, Toads. and Salamanders of
Eastern Canada, Clark. Irwin and Company, Toronto,
Canada.

Marchand, P. I. 1996, Life in the Cold. University Press ol
New England, Hanover, New Hampshire.

Nussbaum, R. A., E. D. Brodie, Jr., and R. M., Storm. 19%3.
Amphibians and Reptiles of the Pacific Northwest.
University of idaho Press, Moscow, Idaho.

Penny. D. G. 1987. Frogs and trdes: different ectotherm
overwintering strategics. Comparative Biochemistry
and Physiology 86A:609-613.




Pinder, A.. W.. K. B. Starey, and F. R. Ultsch. 1992, Chapter
10: Estivation and hibernation. Pages 250-274 In M.
E. Feder and W. W, Burggren (editors), Environmen-
tal Physiology of the Amphibians. University of Chi-
cago Press. Chicago. [llinots.

Pope, C. H. 1944. Amphibians and Reptiles of the Chicago
Arca. Chicago Natural History Museum, Chicago, [1-

linois.
Rand, A. S. 1950, Leopard frogs in caves in winter. Copeia
1950:324.

Rose, C., and W. G. Crumpton. 1996, Effects of emergent
macrophytes on dissolved oxygen dynamics in a prairic
pothole wetland. Wetlands 16:494-502.

Smith, M. A, 1951, The British Amphibians and Reptiles.
Collins, London, England.

Recelved 17 April 2001
Accepted for publication 9 November 2001

Snedecor, G. W, and W. G, Cochran. 1980, Statistical Meth-
ods. 7th edition. lowa Stale University, Ames. lowa.

Stinner, 1., N. Zarlinga. and 8. Orcutt. 1994, Overwintering
behavior of adult bullfrogs, Rana catesheiana, in north-
eastern Ohio. Ohio Journal of Science 94:8-13.

Tartersall, GG, )., and R, G. Boutilier. 1997. Balancing hypoxia
and hypotharmia in cold-submerged frogs. Journal of
Experimental Biology 200:1031-1038.

Tattersall, G. 1., and R. G. Boutilier, 1999 Does behavioral
hypothermia promote post-exercise recovery in cold-
submerged frogs? Journal of Experimental Biology

202:609-622.
Wake. D. B. 1991. Declining amphibian populations. Science
253:860.

Overwintering Columbia Spotted Frogs 147




