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Tadpoles of the frog, Rana cascadae can dis-
criminate between kin and nonkin (kin recog-
nition) and preferentially associate with kin in
laboratory and field experiments (e.g., O’Hara
and Blaustein 1981, 1985; Blaustein and O’Hara
1982, 1987). Such association, combined with
rapid metamorphosis from small, ephemeral
breeding sites and the tendency to form aggre-
gations in nature may lead to intense intraspecific
competition among R. cascadae tadpoles (O’Hara
1981; Blaustein 1988). Kin recognition may al-
low tadpoles to direct competitive interactions
away from kin, perhaps by altering behavioral
interference or by selectively releasing chemical
growth inhibitors (Waldman 1986, 1991; Blau-
stein 1988; Blaustein and Waldman 1992).

In tadpoles, the effects of kin association on
growth and development remain controversial
(Shvarts and Pyastolova 1970; Travis 1980;
Waldman 1986, 1991; Jasienski 1988; Smith
1990; reviewed by Blaustein and Waldman 1992).
In particular, the direction of the kinship effect
(i.e., whether individuals in kin groups grow fast-
er/larger or slower/smaller than those in mixed
groups) appears to depend upon the species ex-
amined and the experimental conditions. For ex-
ample, kinship effects vary for American toads
(Bufo americanus). Some family groups show in-
creased larval growth rate when reared with sib-
lings, whereas the growth rate in other families
is slower when reared with sibling competitors
(Waldman 1986). Individual growth rate is great-
er in sibling groups of the chorus frog (Pseudacris
triseriata) than in mixed groups but only at high
density (Smith 1990). However, with the excep-
tion of B. americanus (Waldman 1986, 1991),
none of the species previously examined for kin-
ship effects on growth and development are
known to discriminate kin from nonkin. Using
R. cascadae, we examined whether individuals
within groups of full-sibling tadpoles and groups

of tadpoles of mixed relatedness differ in several
key components of reproductive success includ-
ing the lengths of the larval period, proportions
of metamorphs produced, and body lengths and
masses at metamorphosis. These traits correlate
with fitness in some amphibians (e.g., Berven
and Gill 1983; Smith 1987; Semlitsch et al. 1988).

MATERIALS AND METHODS

We collected four newly oviposited (less than
8 h old) clutches of Rana cascadae eggs on March
28, 1992 from an ephemeral pond adjacent to
Cache Lake in the Deschutes National Forest of
central Oregon, United States (100 km east of
Corvallis, Jefferson County). Rana cascadae
adults are explosive breeders, with breeding of-
ten completed within 2-3 d (Nussbaum et al.
1983). Female R. cascadae lay one clutch per
year and appear to mate with one male (O’Hara
and Blaustein 1981), reducing the chance of a
half-sib relationship within clutches. Thus, the
offspring from within a clutch were probably full
siblings. We kept the clutches separate while
transporting them to our laboratory where they
were placed into aerated 38-liter aquaria filled
with dechlorinated tap water. Only tadpoles that
hatched on April 7 (developmental stage 18,
Gosner 1960), were used in this study.

We randomly assigned tadpoles to low-density
(48 animals per aquarium: 1.26 tadpoles per li-
ter) and high-density (200 animals per aquarium:
5.26 tadpoles per liter) treatments. The small size
and ephemeral nature of R. cascadae breeding
sites can produce density levels within this range
(Hokit and Blaustein unpubl. data). Within each
density treatment, we assigned tadpoles to kin
groups (sibling tadpoles from the same clutch)
and mixed groups (an equal number of tadpoles
from each of the four clutches). Thus, a factorial
design resulted with four treatments: (1) low-
density kin group, (2) low-density mixed group,
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TABLE 1.

BRIEF COMMUNICATIONS

Results of MANOVA for overall effects of density, kinship, and density x kinship interaction, and

of ANOVAs for each response variable within each of the main effects. Response variables are number of days
to metamorphosis (days), body length (length), mass at metamorphosis, and the proportion of metamorphs

produced per tank (mets).

Kinship Density Density x kinship

F df P F df P F df P
MANOVA (Wilks’ criterion) 464 4,9 0.026 265.58 4,9 <0.001 2.51 4,9 0.116

ANOVAs

Days 1.34 1 0.269 140.67 1 <0.001* 0.33 1 0.574
Length 3.13 1 0.102 145.72 1 <0.001* 3.27 1 0.096
Mass 10.20 1 0.008* 302.63 1 <0.001* 7.08 1 0.021
Mets 1.90 1 0.193 714.46 1 <0.001* 1.90 1 0.193

* Significance level for univariate tests is 0.0125 (Bonferroni adjusted for four response variables).

(3) high-density kin group, and (4) high-density
mixed group, with four replicates of each treat-
ment (a total of 16 aquaria). We considered each
sibling group as a replicate for the kin treatments.

We fed tadpoles ground rabbit chow daily, with
high-density treatments receiving four times as
much food as low-density treatments. We aug-
mented food throughout the experiment to ad-
just for tadpole growth, with amounts ranging
from 0.5 to 1.0 g per day for low-density treat-
ments and 2.0 to 4.0 g per day for high-density
treatments. On any given day all treatments of
the same density received the same amount of
food.

We positioned all 16 tanks on the same bench
centered in the middle of a windowless room,
under a 14 L:10 D photoperiod. We randomly
assigned tank positions and made no markings
to indicate kinship (pure kin or mixed) compo-
sition. Thus, measurements were blind with re-
spect to kinship. Tanks were cleaned and filled
with dechlorinated tap water every three to five
d with all tanks being cleaned on the same day.

When tadpoles metamorphosed (forelimb
emergence, stage 42, Gosner 1960), we measured
four variables: body length (snout-to-tail base),
mass, number of days to metamorphosis, and
the proportion of tadpoles metamorphosed per
tank. Tanks were checked daily for metamorphs.
We used metal dial calipers to measure body
length to the nearest 0.1 mm and measured mass,
after blotting each individual dry, to the nearest
0.001 g on an electronic scale. We measured
metamorphs up to 100 d after hatching (total
number of metamorphs measured = 1037), at
which time we terminated the experiment. One
hundred d is a long larval period for R. cascadae
(Nussbaum et al. 1983), with many natural sites
drying up within this period (O’Hara 1981).

We tested for density and kinship effects by
using multivariate analysis of variance (MANO-
VA). To meet parametric assumptions of nor-
mality, measurements of body length, mass, and
days to metamorphosis were log, transformed,
whereas the proportion of metamorphs produced
per tank was arcsine transformed (Zar 1984). Be-
cause individuals in tank cohorts may not be
independent of one another, these measures were
analyzed as tank means. We performed univari-
ate analysis of variance (ANOVA) on each re-
sponse variable within each main effect to assess
which variables were responsible for significant
main effects.

RESULTS
Kinship and density both affected the growth

~and development of tadpoles (MANOVA, table

1). Density levels significantly influenced larval
period, body length and mass at metamorphosis,
and the proportion of metamorphs (ANOVAs,
table 1). Tadpoles took longer to develop, were
shorter and weighed less, and proportionally few-
er metamorphs were produced in the high-den-
sity treatments (fig. 1). No significant differences
appeared between kin and mixed groups with
respect to body length, larval period, or the pro-
portion of tadpoles metamorphosed per tank
(ANOVAs, table 1). However, the individual
mass of tadpoles raised in kin groups was smaller
than for tadpoles raised in mixed groups (fig. 1).

Travis (1980) found significant differences in
larval growth rates between different sibships of
Hyla gratiosa. To assess whether differences in
mass among sibships might alone have caused
the differences between kin and mixed groups,
we performed a post hoc variance ratio test on
mass. This test revealed that the range in vari-
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ance among kin groups did not differ significantly
from the range in variance among mixed groups
(F=1.78; a = 0.05, two-tailed; df = 7, 7; P >
0.5; Zar 1984). Additionally, the standard de-
viation of metamorph mass was greater within
the sibling groups than among the sibling groups
in both the low- and high-density treatments (ta-
ble 2). Thus, it is unlikely that the kinship effect
on mass is the result of differences in mass among
sibling groups. Although mortality may alter

densities enough to affect the mass at metamor-
phosis, mortality was low in all our tanks (less
than 5%), and there was no apparent relationship
between mortality and the experimental treat-
ments.

Although the MANOVA revealed no signifi-
cant interaction between density and kinship,
there was a trend toward an interaction in all
four response variables (fig. 1). In particular, the
difference in mass between kin and mixed tanks
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TABLE 2. Means, standard deviations, and ranges for number of days to metamorphosis (days), body length
(length), mass at metamorphosis, and the proportion of metamorphs produced per tank (mets) for each tank
within each treatment group. Treatment groups are low-density kin groups (LDKG), low-density mixed groups
(LDMG), high-density kin groups (HDKG), and high-density mixed groups (HDMG).

Treat-
ment n Days Length Mass Mets
LDKG 47 69.77 = 11.29 (50-97) 16.63 = 1.51 (14.0-19.7) 0.601 = 0.204 (0.34-1.16) 0.98
47 70.40 = 12.09 (52-94) 16.24 = 1.27 (13.6-19.2) 0.563 = 0.153(0.33-1.03) 0.98
45 76.51 £ 7.93 (65-94) 16.56 = 1.22 (13.5-19.5) 0.607 = 0.130 (0.35-0.93) 0.94
48 67.52 = 12.39 (45-95) 16.44 + 1.57 (12.9-19.6) 0.606 = 0.193 (0.33-1.11) 1.00
LDMG 48 68.79 = 13.09 (48-94) 16.39 = 1.69 (13.1-19.7) 0.618 = 0.225 (0.30-1.38) 1.00
48 70.91 £ 12.55 (49-97) 16.64 + 1.43 (13.9-19.6) 0.612 = 0.168 (0.39-1.12) 1.00
44  71.18 = 11.79 (50-95) 16.69 + 1.48 (13.4-19.7)  0.620 = 0.189 (0.32-1.08) 0.92
47 71.21 £ 11.36 (52-91) 16.16 = 1.39 (13.2-19.1) 0.578 = 0.163 (0.32-1.01) 0.98
HDKG 80 87.83 £7.92 (71-99) 14.88 + 1.05(11.8-17.0)  0.399 = 0.068 (0.22-0.54)  0.40
78 86.19 = 9.42 (66-99) 13.85 + 0.98 (12.0-16.8)  0.348 = 0.076 (0.21-0.61)  0.39
101  84.47 = 10.42 (50-99) 14.60 + 0.96 (12.6-17.4)  0.382 = 0.090 (0.24-0.67)  0.50
88 86.17 = 9.09 (60-99) 14.13 = 1.14 (11.6-17.3) 0.371 = 0.092 (0.21-0.63) 0.44
HDMG 88 84.60 + 10.38 (54-99) 14.90 + 1.03 (12.9-18.2) 0.428 = 0.113 (0.11-0.90) 0.44
76 84.40 £ 9.70 (52-99) 14.78 = 1.39 (12.0-18.6) 0.422 = 0.131 (0.23-0.82) 0.38
66 82.77 £ 10.85 (52-99) 14.73 = 1.29 (11.5-17.7) 0.424 = 0.123 (0.23-0.80) 0.33
70 84.01 = 10.16 (54-99) 15.14 £ 1.36 (12.1-17.9) 0.464 = 0.139 (0.20-0.79) 0.35

was much greater in the high-density treatments
than in the low-density treatments.

DISCUSSION

Our results revealed density-dependent effects
on metamorphic characters of Rana cascadae
that are consistent with previous studies of other
anuran species (e.g., Brockelman 1969; Wilbur
1977, 1980; Steinwascher 1978; Dash and Hota
1980; Semlitsch and Caldwell 1982; Smith 1990).
Additionally, our results revealed a negative kin-
ship effect on mass at metamorphosis. Conse-
quently, the effects of intraspecific competition
on mass were greater in kin groups than in mixed
groups of R. cascadae, and these effects may be
greater at high density.

Several other studies report negative effects of
kinship on growth and development. For ex-
ample, Shvarts and Pyastolova (1970) found that
solitary R. arvalis tadpoles reared in water con-
ditioned by siblings grew slower than tadpoles
reared in water conditioned by nonsiblings.
Waldman (1986) observed the same effect in some
families of Bufo americanus but not in others.
The negative kinship effect in our study is par-
ticularly intriguing given that R. cascadae tad-
poles can discriminate between kin and nonkin
(i.e., kin recognition) and, therefore, could po-
tentially avoid competitive interference with kin.
Moreover, R. cascadae kin recognition is rela-
tively sensitive: individuals prefer to associate

with siblings over nonsiblings and even half sib-
lings over nonsiblings (Blaustein and O’Hara
1982), and kin recognition persists after meta-
morphosis (Blaustein et al. 1984). Why do R.
cascadae tadpoles form aggregations composed
primarily of kin in the field (O’Hara and Blau-
stein 1985), given that the negative effects of in-
traspecific competition appear greater within kin
groups?

Smith (1990) suggested that either type of kin-
ship effect (positive or negative) could be favored
by kin selection depending on how body size and
larval period affect fitness. For example, rapid
growth and development through metamorpho-
sis may lower the risk of predation (e.g., Calef
1973; Heyer et al. 1975; Werner 1986) and re-
duce the risk of desiccation where the aquatic
habitat is ephemeral (e.g., Heyer et al. 1975;
O’Hara 1981). However, costs are associated with
early metamorphosis. Early metamorphosis may
not allow full exploitation of the aquatic habitat,
resulting in lower mass at metamorphosis and
potential reductions in subsequent reproductive
output (e.g., Berven and Gill 1983; Smith 1987,
Semlitsch et al. 1988). Presumably, smaller mass
at metamorphosis in kin groups of R. cascadae
may be offset by enhanced performance in other
metamorphic traits, such as increased per capita
probability of metamorphosis or acceleration of
the larval period. However, none of the other
variables measured in our study showed an in-
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creased response for kin groups except for a slight,
but nonsignificant, increase in the proportion of
metamorphs produced in the high-density treat-
ment (fig. 1).

It is possible that the results observed in our
study are context dependent (i.e., depend on the
testing conditions). For example, Smith (1990)
found that growth rate and the proportion of
tadpoles that attain metamorphosis are greater
in sibling groups of Pseudacris triseriata than in
mixed groups but only at high density and with
a particular size of container. Our results also
indicate that kinship effects may be greater at
high density. Although MANOVA did not reveal
a statistically significant interaction between kin-
ship and density, this could be a result of the
conservative nature of MANOVA analysis (a bias
toward avoiding type I errors) and the relatively
small sample sizes. In any case, the data indicate
atrend toward an interaction in all response vari-
ables, particularly in the case of mass.

The kinship effect also may be specific to the
particular sibling groups involved and their rel-
ative ratios in the mixed groups. Classic studies
on genotypic viabilities (e.g., Dobzhansky and
Spassky 1944; Levene et al. 1954; Lewontin 1955;
Bhalla and Sokal 1964; Bell 1991) indicate that
genotypic interactions are often nonlinear and
difficult to predict. For example, the relative sur-
vival of different strains of Drosophila depends
on their rearing densities, the particular combi-
nation of genotypes, and their relative ratios in
mixed groups (Dobzhansky and Spassky 1944;
Levene et al. 1954; Lewontin 1955). These com-

plex interactions may result in certain combi- .

nations of genotypes (i.e., mixed groups) out-
performing isolated genotypes via more efficient
or harmonious resource use (Lewontin 1955).
However, working with genotypically distinct
populations of Chlamydomonas, Bell (1991)
found no evidence of genotypic interactions, yet
mixed cultures had higher productivity than did
pure cultures. Rather than complementary re-
source use, replacement of one genotype by an-
other resulted in a performance that was higher
for mixed cultures than for the average pure cul-
ture.

In our experiment, as with previous studies
(Travis 1980; Jasienski 1988; Smith 1990), each
sibship was equally represented in each mixed
tank. This design reduced the chance that dif-
ferences in growth and development between
sibships (Travis 1980; Smith 1990) might alone
have caused differences between kin and mixed
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groups. However, with this design, every mixed
tank had the same genetic structure. The kinship
effect observed in our study could indicate more
intense competition in kin groups or, conversely,
complementary resource use in mixed groups
(e.g., different tadpoles may feed in different
regions of the tank or may feed by coprophagy
versus eating rabbit chow). Alternatively, certain
sibships may outperform (in terms of growth rate)
other sibships, resulting in a ‘“‘replacement” re-
sponse (i.e., competition is asymmetrical with
respect to sibships). Replacement could be ex-
acerbated if the initial condition (e.g., size) of
individuals were biased toward a particular sib-
ling group. This latter possibility was minimized
in our study, given that all sibling groups were
collected simultaneously, and all treatment rep-
licates were maintained under identical labora-
tory conditions. However, other factors, such as
maternal investment in egg size, may produce
clutch-biased competitive advantages (Kaplan
1989).

Nevertheless, because individual tadpoles in
our study were not identifiable by sibship in the
mixed tanks, it is difficult to distinguish between
complementary resource use and ‘‘replacement.”
Ideally, experiments using tadpoles that are in-
dividually or genetically marked would allow ex-
amination of sibships in all treatments and allow
examination of facilitation or replacement pro-
cesses. Regardless, the kinship effect observed in
our study may be relevant only to the particular
sibships involved, their relative ratios, and the
particular densities used in our study.
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