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Many anuran species exhibit oviposition site
selection. Female selection of oviposition sites
may influence the success of offspring and in-
crease overall fitness (Resetarits 1996). Egg
mass placement (location and attachment sub-
strate) may be determined by a number of fac-
tors including detectability by predators, water
velocity, risk of desiccation or flooding, and
temperature (Stebbins and Cohen 1997). Some
lentic breeding anurans do not always attach
their egg masses to substrates (Briggs 1987; Ol-
son 2005; Reaser and Pilliod 2005; Wind 2005),
making them vulnerable to involuntary dis-
placement. The movement of egg masses to ar-
eas of sub-optimal conditions (for example,
colder water or desiccation from stranding)
may affect hatching success and overall surviv-
al of individuals (Licht 1971; Sype 1974). Here,
we document high occurrences of egg mass
displacement in a high-elevation breeding pop-
ulation of Rana cascadae (Cascades Frog).

This study was conducted at 2 lentic sites in
the upper Deep Creek drainage within the
Trinity Alps Wilderness, Trinity County, Cali-
fornia. Echo Lake (elevation 2215 m, surface
area 1.14 ha, depth 5.1 m), a relatively small
tarn contained in a steep, narrow cirque, was
surveyed from 2003 to 2005. Snowmelt Pond
(elevation 2226 m, surface area 0.23 ha, depth
1.47 m), a temporary pond on a narrow rocky
shelf 200 m north of Echo Lake that dries com-
pletely by late October, was surveyed from
2004 to 2006. Both water bodies have exposed
shorelines surrounded with sparse sub-alpine
vegetation. Silt dominates the littoral zones,
which have limited submerged vegetation (for
example, sedges and grasses) during the R. cas-
cadae breeding season. This area typically re-
ceives deep annual winter snowpack, and both
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water bodies can remain completely frozen
from early November to mid-June.

Routine visual encounter surveys for egg
masses (Crump and Scott 1994) at both water
bodies were conducted each year during July
and early August as part of a study on R. cas-
cadae breeding ecology. Egg masses were indi-
vidually marked by injecting color combina-
tions of visual implant fluorescent elastomer
(Northwest Marine Technology Inc., http://
www.nmt-inc.com) into the center of each
mass. Numbered pin flags were used to mark
single, isolated egg masses. We recorded at-
tachment substrate and water depth for each
egg mass. When an egg mass drifted from its
oviposition site, we measured the straight-line
distance between the initial and new location.
Water temperature and depth were measured
at both initial and displacement locations for a
subset of egg masses. We used a Wilcoxon Rank
Sum test to determine if water temperature and
depth differed between the oviposition site and
displacement location.

Thirty-seven R. cascadae egg masses were de-
tected at Echo Lake and Snowmelt Pond from
2003 to 2006 (Table 1). All egg masses were ovi-
posited in shallow, open areas with full exposure
to sunlight. Twenty-five egg masses (68%) were
initially attached to various substrates: grass (1 =
13), rock (n = 5), grass and rock (n = 3), and
wood (n = 4). Twelve egg masses (32%) were not
attached to any substrate. We observed egg mass
displacement at both sites and in all years of the
study. Of the 37 egg masses detected, 51% were
displaced from their original oviposition sites
(Table 1). The overall median displacement dis-
tance was 2 m (range 1.1 m to 90.6 m). Oviposi-
tion substrate type did not appear to influence
the likelihood of displacement, and we observed
drifting of both initially attached and unattached
egg masses. Oviposition sites were found to be
significantly warmer than displacement locations
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TABLE 1. A summary of Cascades Frog egg mass drift by site and year. Median distance displaced was
measured as the minimum straight-line distance between initial and final locations of individual egg masses.

SMP = Snowmelt Pond. ECH = Echo Lake.

Total no. No. egg masses Proportion Median distance = Displacement

Site; year egg masses displaced displaced displaced (m) range (m)
SMP; 2004 14 11 0.79 1.5 1.1-34.9
SMP; 2005 7 2 0.29 35.3 33.7-36.8
SMP; 2006 3 1 0.33 Could not relocate —
ECH; 2003 4 1 0.25 90.6 90.6
ECH; 2004 6 3 0.50 66 33.8-66.0
ECH; 2005 3 1 0.33 Could not relocate —

Totals 37 19 0.51 2 1.1-90.6

(Wilcoxon Rank Sum: n = 11, Z = 1.74, P = 0.04).
On average, the difference in water temperature
from oviposition sites to displacement locations
was —1°C * 0.46 (s) and ranged from —4.1°C to
+0.8°C. Oviposition sites were also significantly
shallower than displacement locations (Wilcoxon
Rank Sum: n = 16, Z = —2.67, P = 0.004). On
average, the difference in depth from oviposition
sites to displacement locations was —0.44 m * 0.2
(s), and ranged from —2.4 m to +0.19 m.

We observed displacement of 1 egg mass that
resulted in mortality. On 2 August 2005, this
egg mass was relocated 36.8 m from its ovi-
position site where it became snagged on a pile
of small sticks in flowing water within the out-
let stream. On 15 August 2005, we observed
tadpoles that we assumed were from this egg
mass in a shallow pool located 37.2 m down-
stream of the pond. However, on 20 August
2005, the outlet stream was dry and desiccated
tadpoles were found at the bottom of the pool.

R. cascadae, like many high elevation or north-
ern latitude frogs, typically breed in areas
within a pond or lake that thaw earliest (Sype
1974; Briggs 1976; Bull 2005; Wind 2005). This
suggests that frogs select oviposition sites
based on the earliest availability of the site
rather than the availability of substrate or veg-
etation. The reason for the large variation in
egg mass attachment for this study is unclear;
however, variation in attachment substrate has
been observed with other high elevation ranids
including R. luteiventris (Columbia Spotted
Frog; Reaser and Pilliod 2005) and R. muscosa
(Mountain Yellow-legged Frog; Pope 1999). The
observed high incidence of displacement, even
when egg masses were attached to substrates,
indicates that during the breeding season avail-
able substrates often may be ineffective at im-

mobilizing egg masses at ““preferred”” ovipo-
sition microsites.

The high occurrence of R. cascadae egg mass
displacement from original oviposition sites
observed during the study is likely a natural
phenomenon resulting from wind-driven sur-
face drift. Wind is the primary force that moves
water at all depths in lentic systems and this
can have profound consequences for the chem-
istry, biology, and spatial distribution of lentic
organisms, especially small or immobile life
stages (Horne and Goldman 1994). Our results
indicate that displaced egg masses can be car-
ried to deeper and cooler waters compared to
their original oviposition sites, and cooler wa-
ter temperatures may slow embryonic devel-
opment (Sype 1974). In the sub-alpine environ-
ment of the Trinity Alps Wilderness, breeding
occurs relatively late in the year (July) com-
pared to lower elevation sites (May) with the
entire annual active season being less than 5
mo. For example, during the 4 y of this study,
R. cascadae breeding began at Echo Lake and
Snowmelt Pond 55 days * 4.3 (s) later than the
lowest elevation breeding site (1976 m, 1 km air
distance) within the same drainage (JMG, un-
publ. data). Because of this truncated active pe-
riod, even a slight reduction in embryo devel-
opment time at these 2 study sites could result
in lower hatching success, delayed metamor-
phosis, and lower post-metamorphic survival.
In addition to having late open-water avail-
ability, water temperatures remain colder for
longer periods of time at these 2 study sites be-
cause they have higher catchment volumes rel-
ative to other breeding sites in the same basin
(JMG, unpubl. data). Egg masses laid at the
study sites likely have slower rates of devel-
opment and consequently newly metamor-
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phosed frogs have a shorter foraging period
prior to overwintering (JMG, unpubl. data).

We suggest that researchers, based on our ob-
servations, account for the possibility of egg mass
displacement when conducting egg mass surveys
or studies of oviposition site selection of lentic-
breeding amphibians, especially at exposed high-
elevation sites. Egg mass surveys can be useful
for species that breed only once per season or for
cryptic species in which adult frogs are difficult
to detect. Surveys for egg masses have been
shown to be an accurate and affordable means for
monitoring the effective population size of Wood
Frogs (R. syluvatica), another lentic-breeding an-
uran (Crouch and Paton 2000). However, our ob-
servations suggest that drift of R. cascadae egg
masses, and possibly the egg masses of other len-
tic-breeding amphibians, may occur often (up to
79% of the time) in medium to large water bod-
ies. Although many high-elevation anurans in
medium to large water bodies oviposit in shallow
water, egg masses may be carried by wind action
to cooler, deeper water locations that are not typ-
ically surveyed for egg masses. Site productivity
and effective population size could be underes-
timated if researchers do not account for egg
mass drift in survey protocols. Increased detect-
ability of egg masses could be accomplished by
expanding search efforts to sub-optimal areas,
and/or increasing sampling frequency in con-
junction with marking individual egg masses.

Acknowledgments.—Ongoing research on R. casca-
dae ecology has been supported by the US Forest Ser-
vice, California Department of Fish and Game, Na-
tional Fish and Wildlife Foundation, and the Declin-
ing Amphibian Populations Task Force.

LITERATURE CITED

BRIGGS J. 1976. Breeding biology of the Cascades
Frog. Herpetological Review 7:75.

BRIGGS JL SR. 1987. Breeding biology of the Cascades
Frog, Rana cascadae, with comparisons to R. aurora
and R. pretiosa. Copeia 1:241-245.

BuLL EL. 2005. Ecology of the Columbia Spotted
Frog in Northeast Oregon. La Grande, OR: USDA

GENERAL NOTES 97

Forest Service. General Technical Report PNW-
GTR-640. 45 p.

CrouCH WB, PATON PWC. 2000. Using egg-mass
counts to monitor Wood Frog populations. Wild-
life Society Bulletin 28:895-901.

CRUMP ML, SCOTT NJ Jr. 1994. Visual encounter sur-
veys. In: Heyer WR, Donnelly, MA, McDiarmid
RW, Hayek LAC, Foster MS, editors. Measuring
and monitoring biological diversity: standard
methods for amphibians. Washington DC: Smith-
sonian Institution Press. p 84-91.

HORNE AJ], GOLDMAN CR. 1994. Limnology. New
York, NY: McGraw-Hill Inc. 576 p.

LicHT, LE. 1971. Breeding habits and embryonic
thermal requirements of the frogs, Rana aurora au-
rora and Rana pretiosa pretiosa, in the Pacific
Northwest. Ecology 52: 116-124.

OLsON, DH. 2005. Cascades Frog: Rana cascadae (Slat-
er 1939) In: Jones LC, Leonard WP, Olson DH, ed-
itors. Amphibians of the Pacific Northwest. Seat-
tle, WA: Seattle Audubon Society. p 186-189.

PopPE KL. 1999. Mountain Yellow-legged Frog habitat
use and movement patterns in a high elevation
basin in Kings Canyon National Park [thesis]. San
Luis Obispo, CA: California Polytechnic State
University. 64 p.

REASER JK, PILLIOD DS. 2005. Rana luteiventris
(Thompson, 1913): Columbia Spotted Frog. In:
Lannoo M, editor. Amphibian declines: the con-
servation status of United States species. Berkeley,
CA: University of California Press. p 559-563.

RESETARITS W] JR. 1996. Oviposition site choice and life
history evolution. American Zoologist 2:205-215.

STEBBINS RC, COHEN NW. 1997. A Natural History of
Amphibians. Princeton, NJ: Princeton University
Press. 316 p.

SYPE WE. 1974. Breeding habits, embryonic thermal
requirements and embryonic and larval devel-
opment of the Cascades Frog, Rana cascadae (Slat-
er 1939) [thesis]. Corvallis, OR: Oregon State Uni-
versity. 113 p.

WIND E. 2005. Wood Frog: Rana sylvatica (LeConte,
1825). In: Jones LC, Leonard WP, Olson DH, edi-
tors. Amphibians of the Pacific Northwest. Seat-
tle, WA: Seattle Audubon Society. p 214-217.

Redwood Sciences Laboratory, Pacific Southwest Re-
search Station, USDA Forest Service, 1700 Bayview
Drive, Arcata, CA 95521, jgarwood@fs.fed.us. Sub-
mitted 18 November 2006, accepted 11 December
2006. Corresponding Editor: RL Hoffman.



