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EFFECTS OF AGE AND GROUP SIZE ON HABITAT SELECTION AND ACTIVITY 

LEVEL IN RANA PIP JENS TADPOLES 
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Amphibian lar
.
va� may use both intrinsic cues - such as their own age, size or developmental 

stage - and extrms1c cues - such as chemical cues and group size - to make behav ioural 
decisions. We performed a laboratory experiment to study habitat selection and activity level 
of Rana pipiens tadpoles at different ages and in groups of d ifferent sizes. Two ages of tadpoles 
were used: early (2 weeks after hatching; Gasner stage 25) and late (8  weeks after hatching; 
Gasner stages 36-38). Three group sizes were used : one, two and six. Tadpoles in pairs or groups 
tended to be more active and to occur in the open water column more than lone tadpoles. Younger 
tadpoles tended to use the open water column less and to be less active than older tadpoles, but 
there was no effect on the use of the vegetated habitat. Our results indicate that the determinants 
of amphi

.
bian larval behaviour include responses to both intrinsic (body size, age) and extrinsic 

(group size) cues. 
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INTRODUCTION 

Amphibians appear to use cues (direct and indirect) 
to determine the appropriate behaviour for any given 
situation. The possibility exists that amphibian larvae 
use both intrinsic cues (e.g. their own age, size or de
velopmental stage) and extrinsic cues (e.g. chemical 
cues and group size) to make behavioural decisions. 
For example, the presence of predators affects the be
haviour of amphibian larvae in numerous ways (e.g. 
Anholt & Werner, 1 995 ;  Kupferberg, 1 998; Lefcort, 
1 998). However, changes in age, size or developmental 
stage, or changes in the number of larvae in a given 
area, could alter the perception of predation risk, thus 
altering the behaviour of the larvae. Other factors po
tentially affecting tadpole activity and habitat selection 
include oxygen concentration, population density, wa
ter temperature, water depth, vegetation density, 
predators, time of day, and substrate type or pattern 
(Noland & Ultsch, 1 98 1 ;  Waringer-Lt>schenkohl, 
1 988;  Johnson, 1 99 1 ;  Peterson, Bull & Wheeler, 1 992; 
Kiesecker & Blaustein, 1 998;  Schley, Griffiths & 
Roman, 1 998; N ie, Crim & Ultsch, 1 999). Understand
ing how behaviour (e.g habitat selection, activity level) 
is determined, and what cues or factors influence this 
determination, is important for understanding the link 
between an individual' s  behaviour and the conse
quences of that behaviour on individual performance, 
population dynamics or community processes. 

We performed an experiment to assess the effect of 
age and group size on habitat selection and activity 
level of northern leopard frog (Rana pipiens) tadpoles. 
Since amphibian larvae often respond to predator cues 
in such a way as to reduce predation risk (e.g. Anholt & 
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Werner, 1 995 ;  Kupferberg, 1 998;  Lefcort, 1 998;  in
cluding the southern leopard frog, Rana utricularia, 
Lefcort, 1 996), we hypothesized that tadpoles may alter 
their behaviour in response to an intrinsic cue - age/ 
body size - and an extrinsic cue - group size - in a 
manner consistent with adaptive anti-predator re
sponses. The susceptibility of anuran larvae to 
predation often decreases with s ize (e.g. Seml itsch, 
1 990), thus we expected younger, smaller tadpoles to 
use habitats that may be perceived as less risky (e.g. in
creased use of a vegetated habitat, decreased use of the 
open water column) and to lower their activity level, 
decreasing predation risk (e.g. Skel ly, 1 994; 
Kupferberg, 1 998). We predicted that tadpoles alone or 
in small groups would use less risky habitats and have 
lower activity levels when compared to tadpoles in 
larger groups, since the size of the group may influence 
the perception of predation risk - the larger the group 
the lower the individual ' s  risk (e.g. Watt, Nottingham, 
& Young, 1 997). We also expected that the effect of 
group size would decrease in older, larger tadpoles 
since the perception of risk would be lower; thus group 
size may not have any additional effect (i .e .  we pre
dicted a significant interaction term). 

Younger and smaller tadpoles might also be pre
dicted to swim less and use the open water column less 
simply because they may be less skil led or powerful 
swimmers than older and larger tadpoles (e.g. 
Chovanec, 1 992; Brown & Taylor, 1 995 ;  Jung & 
Jagoe, 1 995; Mccollum & Leimberger, 1 997). How
ever, if this were the case we would expect no 
interaction term between group size and age class (i .e. 
young tadpoles are poor swimmers regardless of what 
size group they are in). Our controlled experimental 
design allows us to ignore possible explanations based 
on food distribution, temperature variabi lity and oxy

gen availability. 
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TABLE I. MANOV A table for the effects of age/developmental stage and group size on the behavior of Rana pipiens tadpoles. 
For univariate tests, a=0.0 1 7. 

(1) M ULTIVARIATE TEST 

Age class 
Group size 
Age class x group size 

(2) UNIVARIATE TESTS 

Use of open water column 

Age class 
Group size 
Age class x group size 
Error 

Use of vegetated habitat 
Age class 
Group size 
Age class x group size 
Error 

High activity level 

Age class 
Group size 
Age class x group size 
Error 

Wilks' Lambda 

0. 1 3  
0.22 
0.45 

MATERIALS AND METHODS 

Rana pipiens range across the northern part of the 
United States and the southern half of Canada (Conant 
& Collins, 1 99 1 ). They do not appear to form 
aggregations in the field or the laboratory (Wassersug, 
1 973 ). Rana pipiens is also apparently palatable to fish 
(Kruse & Francis, 1 977). Other likely predators include 
macroinvertebrates such as immature odonates. 

Rana pipiens eggs were obtained from the Carolina 
B iological Supply Company. Eggs were incubated at 
room temperature ( 1 9°C). Eggs hatched after 1 0  days 
of incubation. A fter hatching, tadpoles were kept in 
opaque plastic tubs in aerated, fi ltered, non-chlorinated 
water in a room maintained at around l 9°C and on a 
1 2L :  12D photoperiod. Tadpoles were fed and contain
ers cleaned daily. 

Test arenas (3) were 1 9  l itre aquaria each with a shal
low bed of pebbles covering the bottom, with two 
larger rocks (20 - 3 0  cm in diameter, 2 - 4 cm thick) at 
one end of the tank to provide potential shelter and con

trast with the gravel, and artificial vegetation (a mix of 
standard p lastic aquarium plants; three "plants" per 
arena) placed at the other end of the tank; leaving an 
open area in the centre. The test arenas were fil led half
ful l  (9 l itres) with filtered, non-chlorinated water (at 
room temperature c. l 9°C). Lighting of the test arenas 
was achieved by hanging fluorescent lights about 20 

df 

3 , 1 6  
6,32 
6,32 

df 

I 
2 
2 

1 8  

I 
2 
2 

1 8  

2 
2 

1 8  

F 

3 5 .70 
6. 1 2  
2.62 

F 

72.05 
9. 1 2  
9. 1 2  

0 .01  
1 . 88 
0.03 

8.75 
8 .87 
0. 002 

p 

<0.000 1 
0.0002 
0.04 

p 

<0.000 1 
0.002 
0.002 

0.93 
0. 1 8  
0.97 

0.0 1 
0.003 
1 .00 

cm above the tops of the aquaria. These lights ,were 
longer than the aquaria thus giving equal l ight to the 
entire test arena. After each trial, test arenas were emp
tied, cleaned and refilled to eliminate any potential 
chemical cues from previous tadpole(s). 

The first set of trials (early) occurred two weeks after 
hatching (8- 1 2  December 1 997) when all tadpoles were 
free swimming (stage 25 ;  Gosner, 1 960). The second 
set of trials (late) occurred six weeks after the comple
tion of the first set of trials (eight weeks post-hatching; 
22-29 January 1 998). Tadpoles in the second set of tri
als were stages 3 6-38  (Gosner, 1 960). Tadpoles 
differed substantially in size between trials. Within 
each set of trials tadpoles were matched for size, and 
any tadpole that differed from the others in size or de
velopmental stage was not used. Individual tadpoles 
were used only once in the entire study. 

Each trial was begun by carefully placing the appro

priate number of tadpoles (one, two or six) in the 
middle of the test arena and allowing 1 5  min for tad
poles to acclimate to the arena. Following the 
acclimation period, the position and activity level for 
each tadpole were noted at one m inute intervals for 1 5  
min (i .e. 1 5  observations per trial). Specific informa
tion collected included: ( 1 )  location in the tank (bottom 
= resting on the substrate or against walls of the 
aquarium, open = floating or swimming in water col
umn); (2) habitat (rock, neutral, vegetated); and (3) 
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activity level (low = no movement, medium = some tail 
movement, high = actively swimming). Four replicates 
were performed for each tadpole density. Trials were 
typically run in the afternoon. Tadpoles were not fed 
during the trials; however, they did have constant ac
cess to food in their holding containers prior to a trial. 

To analyse the data, we generated a mean proportion 
of tadpoles observed in each location, habitat, or at each 
activity level for a given trial, by averaging the propor
tions of tadpoles from each of the 1 5  observations per 
trial. For example, if all tadpoles were in the vegetation 
for I 0 of the 1 5  observations and in the neutral area for 
the remaining five observations, the mean proportion in 
the vegetation would be 0.67, and the mean proportion 
in the neutral area would be 0.33 . Thus for each trial we 
had a mean proportion for each location (bottom, 
open), habitat (rock, neutral, vegetated) and activity 
level (low, medium, high). Prior to analysis we trans
formed all proportion data with an arcsin square-root 
transformation. 

Since the mean proportions within a behavioural cat
egory (e.g. location, habitat and activity) are not 
independent, we chose to use only a single variable in 
each category in the statistical analyses. Variables ana
lysed were ( I )  use of open water column, (2) use of 
vegetated habitats, and (3) high activity levels (analy
ses with the other variables gave qualitatively similar 
results). These variables were chosen for analysis be
cause they closely reflect our predictions: increased use 
of open water column and high activity levels would 
suggest increased use of risky habitats, whereas in
creased use of the vegetated area would suggest 
decreased use ofrisky habitat. We used a MANOV A to 
determine if any overall effect of the independent vari
ables existed, and then univariate ANOV As to test each 
behavioral category ifthe MANOV A indicated signifi
cant effects (see Scheiner, 1 993). 

RESULTS 

Overall, there was a significant effect (a=0.05) of 
age class and group size (MANOVA; Table 1 ). The in
teraction between age class and group s ize was also 
significant. Since there were significant multivariate ef
fects we conducted univariate tests on each behaviorual 
category (corrected a =  0.0513 = 0.0 1 67). 

Early tadpoles never used the open water column 
(Table I ;  Fig. I A). Lone tadpoles were less likely to be 
in the open water column than tadpoles in pairs or 
groups (Table 1 ;  Fig. I A). The difference between 
early and late tadpoles' use of the open area increased 
between single and multiple individuals (Table 1 ;  Fig. 
I A). The proportion of lone individuals using the open 
water column was similar for both early and late stage 
tadpoles, whereas for pairs and groups of six, late stage 
tadpoles used the open water column more than early 
stage tadpoles. 

Age class and group size did not affect tadpole use of 
the vegetated habitat (Table l ). The interaction term 
was also not significant. 
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FIG. I .  The effect of age class and group size on mean (± 1 
SE) proportion of observations of Rana pipiens tadpoles (A) 
in the open water column of the test arena, and (B) at high 
activity levels (actively swimming). Values are 
untransformed means. 

Late tadpoles showed high activity levels more often 
than early tadpoles (Table 1 ;  Fig. 1 B). The proportion 
of time tadpoles spent at high activity level increased 
with group size for both early and late tadpoles (Table 
1 ;  Fig. I B). The interaction between age and group size 
was not significant. 

D ISCUSSION 

In our experiment, R. pipiens tadpoles altered their 
behaviour in response to extrinsic (group size) and in
trinsic (age, stage or size) cues. Tadpoles in pairs or 
groups were more likely to be active and in the open 
water column than lone tadpoles that tended to be inac
tive and resting on the bottom. 

Early tadpoles tended to stay at the bottom of the test 
arena and be less active than late tadpoles. However, 
early and late tadpoles did not differ in their use of veg
etated habitats. Our results are similar to those from 
other studies. Puttlitz et al. ( 1 999) found that Hy/a 

regilla tadpoles changed their response to predators as 
they grew: tadpoles increased activity in the presence 
of a predator as they got bigger. Warkentin ( 1 999) also 
found changes in antipredator responses with age in 

Agalychnis callidryas tadpoles, including microhabitat 
use and activity. Other studies have shown that re
sponses to predator cues change with age in some 
anuran larvae (e.g. Brown & Taylor, 1 995 ; Bridges & 
Gutzke, 1 997). Large tadpoles may reach a size where 
they are no longer able to be eaten by a gape-limited 
predator (see Caldwell, Thorp, & Jervey, 1 980;  
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Semlitsch, 1 990); thus larger tadpoles may use riskier, 
more rewarding habitats or behaviours. 

Our results might also be explained by differences in 
swimming performance between the early and late tad
poles. The younger tadpoles may be weaker swimmers 
(e.g. Chovanec, 1 992; Brown & Taylor, 1 995 ;  Jung & 
Jagoe, 1 995; McCollum & Leimberger, 1 997), and thus 
swim less and use the open water less than older tad
poles. Indeed, the early tadpoles in our experiment had 
just become free swimming and may have avoided or 
not been able to exploit as well, habitats requiring ac
tive swimming - such as the open water column. This 
does not, however, explain the difference in the use of 
the open water column of older tadpoles in pairs and 
groups of six, and lone tadpoles (see Fig. I A), nor does 
it explain the increase in high activity with group size in 
both early and late tadpoles (see Fig. I B). 

Single tadpoles avoided more risky habitats and be
haviours, such as the open water column and high 
activity levels. Our results are similar to those of other 
researchers investigating anuran larvae. Phrynomantis 
microps tadpoles in a natural pond use vegetated habi
tats more when in small groups, whereas they use open 
water more when in large groups (Rode! & Linsenmair, 
1 997). Increasing group size increases activity level in 
some anuran larvae, both in the presence (Lefcort, 
1 998) and absence (Griffiths & Foster, 1 998) of preda
tor cues. Our results appear to be consistent with what 
would be expected if such behavioural shifts were se
lected to avoid predation. Larger groups may afford 
some degree of protection for individuals from preda
tion (e.g. Watt et al. , 1 997). Thus, individuals in larger 
groups may be more active, which is often beneficial as 
it facilitates foraging and may ultimately increase 
growth (e.g. Skelly & Werner, 1 990; Kupferberg, 
1 998).  Another explanation is that tadpoles in larger 
groups perceive the possibility of increased competi
tion and increase activity and swimming (and thus also 
use the open water column) to increase foraging. 
Higher tadpole activity levels appear to be a character
istic of superior competitors (e.g. Werner, 1 992, 1 994), 
and activity level increases in low food situations where 
competition might be expected (e.g. Anholt & Werner, 
1 995). 
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