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Competitive Strategies of Two Species of Co-occuring Tadpoles
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Abstract: We examined the competitive ability of larval toads ( Bufo gargarizans) and frogs ( Rana kukunoris) which
co-occur in natural pools in the Jiuzhaigou Nature Reserve. We measured the activity level, growth rate, mass at metamor-
phosis and larval period in a laboratory experiment. Tadpoles of B. gargarizans were significantly more active when food
was abundant than scarce, while there was no significant difference in the activity of R. kukunoris tadpoles at different
food levels. At low food availability, mass at metamorphosis and growth rate of R. kukunoris were significantly increased
in the presence of B. gargarizans , whereas the presence of R. kukunoris had no significant effect on the mass and growth
rate of B. gargarizans . In all treatments, the larval period of B. gargarizans at low food availability was the shortest.
These results suggest that B. gargarizans can adapt to different food levels by changing their activity rate. At high food
level, B. gargarizans increased activity to gain more food. At low food level, B. gargarizans decreased activity and
achieved early metamorphosis. However, when food resources were limited, R. kukunoris could gain more food than B.
gargarizans .
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Anuran larvae are useful models for the study of
community ecology because they are easy to sample and
have readily quantifiable fitness attributes, including
growth rate and survival to metamorphosis ( Werner,
1992, 1994; Pearmann, 1995; Bardsley & Beebee,
1998) .

Experimental manipulations of life-history traits of
different larval anurans, including growth, mass at
metamorphosis and date of metamorphosis, were used
as measures of response to inter- or intra-specific com-
petition. The overall distribution and competitive ability
of tadpoles in the field was not considered. Recently,
field investigations have combined the distribution of
tadpoles with laboratory experiments (Laurila, 2000) .
Generally, larvae of species that are characteristic of
temporary pools are more active, and have higher
growth and development rates, than those in permanent
pools. Species typical of temporary pools have been
considered superior competitors and can have negative
effects on permanent pool species (Denver, 1997).
Some ecologists have investigated whether the distribu-
tion of tadpole can be related to the results of the labo-
ratory experiments, and postulated that factors like
pond hydroperiod and predation (Bardsley & Beebee,
1998) and use of microhabitat (Richter-Boix, 2004 )
were important in determining the structure of anuran
communities in the field. Laurila (2000) designed lab-
oratory and field experiments to test the hypothesis that
temporary pool species negatively affect permanent pool
species. Laurila (2000) hypothesised that the factors
affecting the distribution of anuran larvae would be
more dependent on the interplay between available re-
sources and reproductive effort, or on the physical fac-
tors of pools, than on competitive interspecific interac-
tions .

In Laurila’s experiment, anuran egg clumps were
collected from different pools, and different develop-
mental stages of tadpoles were used, however the ex-
periment ignored temporal competition. This paper ex-
amines the competitive strategies of larval toads ( Bufo
gargarizans ) and frogs (Rana kukunoris) which co-oc-
cur in natural pools. Using laboratory experiments, we
manipulated the density of tadpoles of these two
species, of approximately the same development stages,
to investigate competition for food. During field experi-
ments, we measured the surface area and depth of
pools, and the number of the two tadpole species occur-
ring in the pools, to analyse the relationship of the dis-
tribution patterns and competitive abilities of tadpoles in
the laboratory .

1 Materials and Methods

The two anuran species ( Bufo gargarizans and
Rana kukunoris ) are mainly distributed between 2 000
m and 3 000 m in the Jiuzhaigou Nature Reserve of
Sichuan Province, and are both ‘ explosive’ breeds (Li et
al, 2004). We measured the surface area and depth of
14 pools containing both species of tadpole, upriver of
Heye village during April 2005. At the same time, tad-
poles of both species were collected from nine of these
pools. The tadpoles were brought into the laboratory
and raised in nine plastic containers (26 cm x 19 cm x
11 cm) filled with tap water and allowed to stand for
two days. The temperature of the water was kept be-
tween 22.5°C and 24.5°C. Tadpoles were fed goldfish
food. We tested the amount of food the tadpoles could
eat a week before the experiment. Three treatments
were used to identify the amount the tadpoles could eat
(low, 0.025 g/tadpole; medium, 0.05 g/tadpole;
high, 0.075 g/tadpole), with each treatment repeated
three times. The results suggested that tadpoles each
consume approximately 0.025 g of goldfish food each
day. Bufo gargarizans and R. kukunoris tadpoles con-
sume approximately the same amount.

We measured the body weight of tadpoles before
the experiment; at that time B. gargarizans tadpoles
weighed 0.062 + 0.003 ¢ ( + SE) and R. kukunoris
tadpoles weighed 0.062 + 0.003 ¢ (n = 60 in each
case) . All tadpoles were at developmental stages 26 —
28 (possessing small limb buds; Gosner, 1960).

1.1 Experimental design

The experimental arrangement was a 2 x 3 factorial
design. The two factors were food level (low or high)
and the presence of tadpoles of the other species. For
each tadpole type there were two different competition
treatments: (1) single species (2) mixed species
(Tab. 1). The numbers of tadpoles used in competition
treatments are presented in Tab. 1. This resulted in 36
containers of tadpoles. There were six experimental u-
nits for each treatment type.

Experimental tadpoles were placed in plastic con-
tainers (26 cm x 19 ¢m x 11 ecm) which were filled with
tap water on 28th April, and allowed to stand for two
days. During experiments, approximately 80% of the
water in each container was changed weekly. All treat-
ments were carried out indoor under natural illumina-
tion and photoperiod. The temperature in the laboratory
was maintained between 22.5°C and 24.5°C.

Tadpoles were fed goldfish food at a low (0.25 g/
container /day) or a high rate (0.5 g/container/day) .
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Tab. 1 Numbers of tadpoles in competition treatments in the laboratory experiment

Treatments
B1 BR1 R1 B2 BR2 R2
Bufo gargarizans 10 5 0 10 5 0
Rana kukunoris 0 5 10 0 5 10
Total 10 10 10 10 10 10

BR: B+ R; 1: Food level low; 2: Food level high.

During the first two weeks, food was delivered to the
tadpoles at 3 — 4 days intervals. The amount of food was
adjusted at each feeding time to tadpole numbers and
tadpole weight.

1.2 Behavioural and physical variables

After two days, we started observing and recording
the behaviour of the tadpoles. The observations were al-
ways made between 11:00 and 14:00. We measured
behaviour through visual scanning, spending approxi-
mately 10 seconds observing each containerand com-
pleting observation of the 36 containers in six minutes.
Observations of each container were repeated ten times.
Two types of behaviour were recorded: activity and im-
mobility .

Activity was recorded when over 50% of tadpoles
in the container were active; immobility was recorded
when over 50% of tadpoles in the container were not
active.

The physical variables measured were as follows:
body length (mm), mass at metamorphosis (g) and
( days ).

checked several times daily for metamorphosing individ-

time to metamorphosis Containers were
uals. At metamorphosis [emergence of the first fore-
limb, stage 42 (Gosner, 1960) |, individuals were re-
moved from the containers and weighed to the nearest 1
mg and the date was recorded. The experiment ended
on 13th of June with the last tadpole achieving meta-
morphosis.
1.3 Statistical analysis

All statistical tests were conducted on container
means to avoid pseudoreplication. We compared the ac-
tivities of the two species of tadpoles at different food
levels. As behavioural data was expressed as a propor-
tion, data was square-root transformed and then was
arcsin-transformed before analysis. A Kolmogorov-
Smirnov test was used to assess the normality of the da-
ta. When the data complied with normality, differences
between individual treatments were compared using
parametric tests (z-test). Conversely, when data did
not comply with normality, non-parametric tests (Mann-

Whitney U) were used to compare the activities of dif-

ferent treatments .

Similarly, Kolmogorov-Smirnov tests were used to
to assess the normality of mass at metamorphosis and
time of metamorphosis. Non-parametric or parametric

tests were then used accordingly .

2 Results
2.1 Activity

Tadpoles of Bufo gargarizans were more active
than tadpoles of Rana kukunoris at both levels of food
intake (high food level: U =1286.5, P <0.001; low
food level: U = 1286.5, P < 0.001). Bufo gar-
garizans tadpoles were significantly more active when
food was abundant (U = 1222.0, P <0.001), while
the activity of R. kukunoris tadpoles did not differ sig-
nificantly at different food levels (Fig. 1).

2.2 Growth rate

Rana kukunoris tadpoles had higher growth rates
at high food level than at low food level (¢ = —3.139,
df=97, P =0.002). At low food availability, growth
rate of R. kukunoris were significantly increased in the
presence of B. gargarizans (t = -=2.627, df =69, P
=0.011), whereas the presence of R. kukunoris had
no significant effect on the mass and growth rate of B.
gargarizans (Fig. 2).

2.3 Mass at metamorphosis

At low food availability, the mass at metamorpho-
sis of R. kukunoris was significantly increased in the
presence of B. gargarizans (t = —2.268, df =69, P
=0.026).

garizans

The mass at metamorphosis of B. gar-
of R.

kukunoris . However at high food availability the situa-

was decreased in the presence
tion was reversed; the mass at metamorphosis of R.
kukunoris was decreased in the presence of B. gar-
garizans and the mass at metamorphosis of B. gar-
garizans was increased in the presence of R. kukunoris
(Tab. 2, Fig. 3).
2.4 Time to metamorphosis

The time to metamorphosis of the two species of
tadpole was significantly different (¢ = — 10.319, df =
287, P <0.001). The average time to metamorphosis
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of B. gargarizans was 23.89 + 0.34 days, whereas the
average time to metamorphosis of R. kukunoris was
30.13 £ 0.49 days. In general, the larval period of the
two species of tadpole was shorter at low food level. The
larval period of the two species of tadpole was also

shorter in mixed groups (Fig. 4).

2.5 Interaction between competition treatments
and food level
1.0
M High food
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g
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Fig. 1 Activity of B. gargarizans (B) and R. kukunoris
(R) at different food resource levels
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Fig. 3 Mean mass of the two species of tadpole in
different treatments
B: B. gargarizans of group B; R: R. kukunoris of group R; BRb:
B. gargarizans of mixed groups; BRr: R. kukunoris of mixed

groups.

The mass of tadpoles at metamorphosis was signifi-
cantly increased at a high food level (F =7.041, P =
0.008) (Fig. 3, Tab. 3). A marginally significant (F
=2.957, P =0.054) interaction between competition
treatments and food level suggests that different treat-
ment groups and food levels can affect mass at metamor-

phosis (Adjusted R*>=0.58, Tab. 3).

0.014 B High food
0.012 + O Low food
0.010 -

0.008

Growth rate (g/days)
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0.004
0.002 -
0 B I R I BRb BRr

Fig. 2 Growth rate of the two species of tadpole in
different treatments
B: B. gargarizans of group B; R: R. kukunoris of group R; BRb:
B. gargarizans of mixed groups; BRr: R. kukunoris of mixed
groups.

35¢

Larval period (days)

B1 B2

BR1b BR2b BRIr BR2r Rl R2

Fig. 4 Time to metamorphosis of the two species of
tadpole from the start of the experiment to the
42nd development stage

B: Single B. gargarizans group; R: Single R. kukunoris group;
BRb: B. gargarizans of mixed groups; BRr: R. kukunoris of mixed
groups; 1: Food level low; 2: Food level high.

Tab. 2 Independent-sample t tests of the mean mass of the two species
of tadpole in different treatments

Source Mass(g) t df P
B1 vs BR1b 0.2096 vs 0.2007 0.734 64 0.456
B2 vs BR2b 0.1974 vs 0.207 -0.955 72 0.343
R1 vs BRIr 0.2957 vs 0.3328 -2.268 69 0.026"
R2 vs BR2r 0.3539 vs 0.3462 0.466 71 0.643

“P<0.05.
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Tab. 3 MANOVA table of mass of 42nd stage tadpoles, treatment groups and diet

level of the two species of tadpole

Source df Mean quare F P
Treatment groups 2 0.003 1.078 0.342
Food level 1 0.022 7.041 0.008""
Species 1 0.423 136.853 0.000"""
Treatment groups X Food level 2 0.009 2.957 0.054
Species x Food level 1 0.000 0.092 0.762

Adjusted R*=0.58; **P <0.01, "** P <0.001.

3 Discussion

3.1 Competitive strategies of the two species tad-
pole in the laboratory

Competition takes place when limited resource
availability does not allow maximal growth rate of all in-
dividuals in a population. Studies of the factors affect-
ing the competitive ability of tadpoles have focused
mainly on two flexible characters, body size and activity
(Laurila, 2000) . High activity may increase the com-
petitive ability of a species by improving their harvesting
rate and therefore depleting of the resources (Werner,
1992) . However, foraging activity may also be affected
by the amount of food available ( Anholt & Werner,
1995) . This paper discusses the competitive strategies
of two species of tadpoles, based on mass at metamor-
phosis, growth rate, activity and time to metamorpho-
sis.

The results of the laboratory experiment suggested
that interspecific competition affected both Bufo gar-
garizans and Rana kukunoris (Tab. 3). At high food
level, tadpoles of B. gargarizans were significantly
more active than at low food level and the mass and
growth rate of B. gargarizans increased in the presence
of R. kukunoris. However at low food level the situa-
tion was reversed. Furthermore, at low food level, the
larval period of B. gargarizans in mixed groups was the
shortest of all treatments. These results suggest that tad-
poles of B. gargarizans may select strategies corre-
sponding to food availability. At high food level, tad-
poles of B. gargarizans increased their activity to gain
more food. When food was scarce, tadpoles of B. gar-
garizans decreased their activity, spent less energy on
gaining food and could therefore pass through metamor-
phosis more quickly. In other words, changing food
availability may lead to a trade-off between the advan-
tages of gaining more food and the advantages of shorter
metamorphic duration.

There was no significant difference between the ac-
tivity of tadpoles of R. kukunoris at different food lev-
els. At low food level, the mass and growth rate of R.
kukunoris increased in the presence of B. gargarizans .
There were two possible ecological explanations. First-

ly, the competitive interactions between B. gargarizans
and R. kukunoris appeared asymmetric. The growth
rate and mass at metamorphosis of R. kukunoris were
higher in the presence of B. gargarizans, indicating
that R. kukunoris were able to maintain competitive su-
periority at relatively low food availability. An alterna-
tive explanation might be that in nature, the amount of
food needed by the two species of tadpole is not equal.
Rana kukunoris was able to get enough food at low food
level. This explains why the activity of R. kukunoris
tadpoles did not change at different food levels.
3.2 Relationship between field distribution and
competitive ability

The competitive ability of the tadpoles in the labo-
ratory might affect the field distribution of the two
species. In field investigations, we found that the two
species of tadpole co-occur in almost ever pool, whether
the pool was deep or shallow, or had large or small sur-
face area (unpublished data). We even found thou-
sands of dead eggs and tadpoles of both species in dry
pools. Laboratory results indicated also that there are
other factors affecting the field distribution in addition to
the competitive ability in the laboratory (MANVOA,
adjusted R?>=0.58). It has been postulated that other
factors, such as predation and pond hydroperiod (Bard-
sley & Beebee, 1998 )

(Richter-Boix,2004) , are more important in determin-

and use of microhabitat

ing the structure of anuran communities in the field. In
Jiuzhaigou Nature Reserve, the landform is relatively
complex , and the altitude of anuran distribution is rela-
tively high. Furthermore, Jiuzhaigou Nature Reserve is
a famous tourist site, and human activity may affect an
anuran’s choice of reproductive sites. The activity and
range of B. gargarizans and R. kukunoris are limited
in the Jiuzhaigou Nature Reserve. This may be one rea-
son that the two species often co-occur in pools.
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