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Pond breeding amphibians select locations
for egg deposition on 2 scales: among accessi-
ble aquatic habitats on the landscape and
among microhabitats within ponds. Selection
among ponds can be influenced by broad fac-
tors such as drying risk and the occurrence of
predators and competitors (Resetarits and
Wilbur 1989, Petranka et al. 1994, Evans et al.
1996, Spieler and Linsenmair 1997). Relative-
ly few studies have addressed selection of ovi-
position sites within breeding ponds. Knowl-
edge of characteristics of oviposition sites is
important for habitat management for sensi-
tive species, particularly for ranids such as the
Columbia spotted frog (Rana luteiventris), the
Oregon spotted frog (R. pretiosa), and the
Cascade frog (R. cascadae) that often deposit
eggs communally and reuse oviposition sites
among years (Licht 1971, Briggs 1987, Bull
and Shepherd 2003, Davis and Verrell 2005).

Rana luteiventris has one of the largest and
highest latitude ranges of any North American
amphibian, extending from southern Alaska to
northern Nevada (Green et al. 1996, Reaser and
Pilliod 2005). Declines have been reported in
multiple portions of the species’ southern range
(Patla 1997, Reaser 1997, Reaser and Pilliod
2005, Wente et al. 2005). Despite the recent
attention toward R. luteiventris, aspects of its

ecology and habitat use remain incompletely
understood. As a part of a study examining the
effects of livestock grazing on R. luteiventris
breeding habitat, we quantified characteristics
of R. luteiventris oviposition sites in the Blue
Mountains of northeastern Oregon, USA. We
compared attributes of oviposition sites to ran-
domly generated points to assess which vari-
ables are potentially preferred by R. luteiven-
tris for oviposition microhabitat.

STUDY AREA

We studied R. luteiventris oviposition at
ponds in the Burnt River (n = 20) and Powder
River (n = 5) drainages of northeastern Oregon.
We selected study ponds where we had found
R. luteiventris but not fish during visual or
trapping surveys in previous years. Ponds
ranged from 1340 to 1790 m in elevation and
from 105 to 5625 m2 in surface area. Maxi-
mum depths were <1 m (n = 8 ponds), 1–2 m
(n = 9), or >2 m (n = 8). Study ponds had
anthropogenic (n = 21) and natural (n = 4)
origins. This distribution of pond types is typi-
cal in our study region where beaver numbers
are reduced from historical levels and where
ponds associated with livestock grazing and
mining operations are relatively common.
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Yearly precipitation in this region is 30–60 cm
(greater at higher elevations) and falls mainly
as snow between November and March (Frank-
lin and Dyrness 1973).

METHODS

We surveyed study ponds every 3–8 days
during the breeding season of R. luteiventris
in early spring (April–May) 2003. During each
visit, teams of 2–3 surveyors carefully searched
for egg masses in all areas <1 m deep. We
counted, mapped, and noted Gosner stage
(Gosner 1960) for each egg mass in all oviposi-
tion sites so that we could determine when
new masses were deposited. Rana luteiventris
is an explosive breeder (sensu Wells 1977) and
females often deposit egg masses communally
(in contact with one another). We considered
oviposition sites independent if they were
separated by >20 cm (the diameter of a large
egg mass). We quantified environmental vari-
ables at each oviposition site at the center of
each cluster of egg masses. We used random
points in littoral zones to characterize condi-
tions available to R. luteiventris in our study
ponds. We identified locations of these points
by randomly selecting a compass angle from
the center of each pond (0°–359°) and a dis-
tance from shore (0–200 cm). This 200-cm dis-
tance was derived from our observations at
other sites and literature suggesting that R.
luteiventris deposits eggs close to shore. For
example, egg masses were an average of 1.4 m
from shore in Utah (Cuellar 1994) and 1.17 m
from shore elsewhere in Oregon (Bull and
Marx 2002). We generated at least 3 random
points for each pond and added 1 random
point for each R. luteiventris oviposition site
above 3.

At each random point and R. luteiventris
oviposition site (when first detected), we
quantified distance from shore, compass angle
to pond center, water column depth, substrate
slope, horizon shading, vegetation density, and
dominant vegetation taxon. Water depth (cm)
and distance to shore (m) were measured with
a 2-m rod. Distance to shore was measured
perpendicular to the nearest shoreline. We
recorded the dominant vegetation taxon and
categorized the density of vegetation as sparse
(<25% of substrate covered), moderate (25%–
75%) or dense (>75%) within a 1-m-diameter
circle centered on the oviposition site or ran-

dom point. We estimated substrate slope (%)
by measuring depth change over a 2-m transect
perpendicular to shore with the oviposition
site or random point at the transect midpoint.
To quantify shading, we used a clinometer to
measure the angle to the horizon or to the top
of anything obscuring the horizon (e.g., forest,
ridgelines) while facing 90° (East), 120°, 150°,
180° (South), 210°, 240° and 270° (West). These
angles were averaged into 1 value per oviposi-
tion site or random point.

Statistical Analyses

To compare water column depth, substrate
slope, and horizon shading between oviposi-
tion and random sites, we used paired, 2-tailed
t tests on means within ponds. To compare
vegetation density between oviposition sites
and random points across all ponds, we used a
chi-square test on counts of sites in each of the
3 density classes (sparse, moderate, and dense).
We used Rayleigh’s test (Zar 1999) to examine
whether oviposition sites were uniformly dis-
tributed with respect to compass angle from
the middle of ponds. We used linear regression
to examine the predictive value of (1) number
of oviposition sites on total egg masses per
pond, (2) pond size on number of oviposition
sites per pond, and (3) pond size on number of
egg masses per pond. Pond size was natural
log transformed for analysis. We considered
tests significant if P < 0.05. We used SYSTAT
10.2 (SYSTAT Software, Inc. 2002) for all sta-
tistical summaries and tests with the exception
of the Rayleigh’s test, which was conducted
with Oriana 2.00 software (Kovach Computing
Services, Inc.).

RESULTS

We collected environmental data from 83
R. luteiventris oviposition sites and 97 random
points. We detected 3.32 ± 0.38 (x– ± sx– for all
results) oviposition sites per pond (range 1–8),
and oviposition sites averaged 3.65 ± 0.48 egg
masses (range 1–21). Thirty-nine of 83 oviposi-
tion sites (47%) were single egg masses; these
accounted for 12.9% of the total egg masses
deposited in all ponds (Fig. 1). We detected an
average of 12.12 ± 1.62 egg masses per pond
(range 1–30).

Oviposition sites in our ponds averaged
1.10 ± 0.12 m (range 0.08–6.20 m) from shore.
Mean water depth at oviposition sites was
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13.00 ± 0.79 cm (range 5–44 cm) and was less
than at random points (30.31 ± 2.77 cm; t =
–4.64, df = 24, P < 0.001). Oviposition sites
were less sloped (16.58% ± 1.72%) than random
points (32.47% ± 3.21%; t = –4.509, df = 24, 
P < 0.001) and were in positions with less
horizon shading (23.88° ± 1.85°) than random
points (29.90° ± 2.10°; t = –4.244, df = 24, P
< 0.001).

Oviposition sites were rarely found in areas
with <25% vegetation (3 of 83 sites; Fig. 2)
and were disproportionately found in areas
with >75% vegetative cover (χ2 = 19.58, df =
2, P < 0.001). We found 77% of R. luteiventris
oviposition sites above Eleocharis, Carex, Gly-
ceria, and other grasses (Table 1). Bearings of
oviposition sites were nonrandomly distrib-
uted (Rayleigh’s Z = 5.115, P = 0.006), and

the mean angle (µ) was 50.8° (95% C.I. =
16.2°–85.4°; Fig. 3). We found most oviposi-
tion sites (39.7%) in the northeast quadrant of
study ponds, with smaller concentrations in
the northwest (25.3%), southeast (19.3%) and
southwest (15.7%) quadrants.

The number of oviposition sites per pond
was a significant predictor of total egg masses
per pond (R2 = 0.24, F = 7.49, P = 0.012).
Pond surface area was a significant predictor

88 WESTERN NORTH AMERICAN NATURALIST [Volume 67

Fig. 1. Numbers of Rana luteiventris egg masses per
oviposition site in 25 ponds in northeastern Oregon.

Fig. 2. Proportion of Rana luteiventris oviposition sites
(n = 83) and random sites (n = 97) in sparse (<25%),
moderate (25%–75%) and dense (>75%) vegetation.

TABLE 1. Dominant vegetation taxon in 1-m-diameter
plots centered on Rana luteiventris oviposition sites (n =
83) or random points (n = 97).

Frequency_____________________
Oviposition Random

Dominant vegetation taxon sites points

Spikerush (Eleocharis sp.) 26 18
Sedge (Carex sp.) 15 12
Other grasses (Poaceae) 12 8
Mannagrass (Glyceria sp.) 11 3
Buttercup (Ranunculus sp.) 5 8
Algae 3 10
Rush ( Juncus sp.) 3 0
Cattail (Typha sp.) 2 3
Aquatic moss (Fontinalis sp.) 1 4
Unidentified vegetation 1 3
Willow (Salix sp.) 1 1
Pondweed (Potamogeton sp.) 1 0
None (bare substrate) 2 27

Fig. 3. Angles from pond centers for Rana luteiventris
oviposition sites (n = 83). The mean vector (µ) was 50.8°,
and the 95% C.I. was 16.2°–85.4°.



of both the total number of oviposition sites
(R2 = 0.20, F = 5.75, P = 0.025) and number
of egg masses (R2 = 0.45, F = 18.96, P <
0.001; Fig. 4).

DISCUSSION

Our study appears to be the first to com-
pare sites used for oviposition with general
conditions available to breeding R. luteiven-
tris. Consistent with observations from other
parts of its range (Cuellar 1994, Bull and
Shepherd 2003, Davis and Verrell 2005), R.
luteiventris in our study area oviposited in
shallow water close to shore: 88% (73 of 83) of
oviposition sites were in water <20 cm deep
and 84% (70 of 83) were <2 m from shore.
Oviposition sites were associated with low
shading along southern horizons and substrates
of more gradual slopes and greater vegetation
density. We also found that R. luteiventris ovi-
position sites were concentrated in northeastern
portions of ponds, with a smaller concentra-
tion in northwestern portions. We did not mea-
sure water temperature gradients, but each 
of these habitat characteristics is likely to be
associated with warmer areas within breeding
ponds.

Other things being equal, northern shore-
lines of ponds at our latitude should receive
the most sun in the early spring when R.
luteiventris is breeding. Major oviposition sites
of another high-latitude, communally breeding

ranid (R. sylvatica) were located in warmer
areas in Pennsylvania ponds (Seale 1982). Both
calling males and oviposition sites of R.
lessonae tracked warm water around the
northern shores of 1 breeding pond in Sweden
(Sjogren et al. 1988). Warmer water tempera-
tures likely influence initiation and location of
oviposition by R. luteiventris and its close rela-
tive R. pretiosa, which oviposits in similar
microhabitats (Morris and Tanner 1969, Licht
1971, Bull and Shepherd 2003). Warmer tem-
peratures accelerate egg development in R.
luteiventris and R. pretiosa ( Johnson 1965,
Licht 1971, Bull and Shepherd 2003). Both 
R. luteiventris and R. pretiosa have been ob-
served depositing eggs in morning and early
afternoon (Licht 1971, Bull and Shepherd
2003, C.A. Pearl personal observation). Ovi-
positing early in the day may facilitate rapid
egg development in warmer daytime waters
prior to nighttime cooling (Licht 1971), which
can be pronounced in shallow oviposition sites
(Bull and Shepherd 2003).

Rana luteiventris oviposition sites in our
study ponds tended to be situated among
moderate to dense spikerush, sedges, and hy-
drophytic grasses. Emergent vegetation has
been identified as a predictor of R. luteiventris
breeding in Idaho (Monello and Wright 1999),
Oregon (Bull and Marx 2002), and Utah (Welch
and MacMahon 2005). Vegetated shallows
warm more rapidly than deeper areas, reach
higher maximum temperatures, and provide
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Fig. 4. Number of Rana luteiventris egg masses and pond surface area (m2) for 25 ponds in northeastern Oregon.



quality feeding and refuge areas for other anu-
ran larvae (e.g., Licht 1971, Kupferberg 1997,
Alvarez and Nicieza 2002, Baber and Babbitt
2004). Western toads (Bufo boreas), which co-
occur with R. luteiventris in our study area,
often oviposit communally in open, gently slop-
ing shallows around the northern shores of
lakes and ponds (Carey et al. 2005, Pearl per-
sonal observation). Ponds and lakes with shal-
lowly sloped vegetated benches along their
north shores may thus be of particular value as
breeding habitat for these amphibians. These
shallows also come with risk of desiccation,
and both R. luteiventris and B. boreas can lose
their reproductive effort in years of insuffi-
cient flooding or rapid water-level recession
(Carey et al. 2005, Davis and Verrell 2005).

The habit of R. luteiventris (Bull and Shep-
herd 2003, Davis and Verrell 2005) and other
explosive communal breeding ranids (e.g., R.
sylvatica [Seale 1982] and R. pretiosa [Pearl
personal observation]) to reuse oviposition sites
in most years emphasizes the potential impor-
tance of these sites to local population persis-
tence. Where conservation of R. luteiventris
populations is a concern, we recommend that
habitat construction or restoration plans prior-
itize shallowly sloping benches around north-
eastern portions of ponds. Factors such as non-
native plant invasion (e.g., reed canarygrass,
Phalaris arundinaceae), human recreation, or
excessive livestock use have potential to mod-
ify these preferred oviposition microhabitats.
Based on results from our study and work in
Idaho (Monello and Wright 1999), we suggest
that anthropogenic ponds can provide breed-
ing habitat for R. luteiventris if they possess
shallowly sloped, vegetated benches.
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