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ABSTRACT 

We experimentally examined the effects of age and group 
size on habitat selection and activity level in Xenopus laevis 
tadpoles. Tadpoles were introduced into an experimental 
arena at two ages (early and late) and at three group sizes 
(one, two, and six tadpoles). Group size did not affect habitat 
selection or activity level. Late tadpoles were more active 
and used the bottom of the arena more than early tadpoles. 
Our results suggest that an intrinsic cue (age) is important in 
determining the behavior of these tadpoles. 

t t t 

In amphibian larvae, habitat selection and activity 
level may be altered in the presence of particular cues 
or environments. For example, in some amphibian 
larvae, activity level is influenced by chemical cues 
emitted by both the predator and the prey item (Bridges 
and Gutzke 1997, Kiesecker et al. 1996, Petranka et al. 
1987). A tadpole's activity level can also depend on food 
levels or the presence or absence of a predator (Anholt 
and Werner 1995). Such responses may result in the 
formation of aggregates of tadpoles (Watt et al. 1997). 
Habitat selection behavior in amphibian larvae is also 
affected by environmental cues. Previous studies have 
demonstrated that tadpoles select habitats in response 
to oxygen concentration, population density, water tem
perature, water depth, vegetation density, predators, 
time of day, and substrate type or pattern (Johnson 
1991, Kiesecker and Blaustein 1998, Nie et al. 1999, 
Noland and UI tsch 1981, Peterson et al. 1992, Schleyet 
al. 1998, Waringer-LoschenkohI1988). 

Age or developmental stage affects habitat selec
tion in some amphibian larvae. In some cases habitat 
preference or use changes with ontogeny or size (Alford 
1986, Alford and Crump 1982, Smith 1999; Werner 
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1992). In Xenopus laevis, tadpoles change substrate 
color preference, preferring white early and black late 
in development (Moriya et al. 1996). In another case, 
Rana pipiens tadpoles develop a strong tendency to 
favor a white background, regardless of the background 
On which they were reared (Dunlap and Satterfield 
1982). Background preference is established byexperi
ence early in development of Rana aurora tadpoles and 
persists in isolation from the background (Wiens 1970). 
Less is known about the effect of age on activity level; 
however, swimming ability appears to be affected by 
age or size (Brown and Taylor 1995, Jung and Jagoe 
1995, McCollum and Leimberger 1997), and so it would 
seem likely that activity levels may change with age as 
tadpole swimming ability changes. 

Group size is another possible factor influencing 
habitat selection and activity levels in tadpoles. Previ
ous studies have suggested that there is some variation 
between species in the response of tadpoles to the num
ber of conspecifics. Some species increase activity or 
change habitat use, whereas other species show nO 
change in behavior (Griffiths and Foster 1998; Lefcort 
1998) 

We describe the effects of group size and age On 
activity levels and habitat selection of tadpoles ofXeno
pus laevis in the laboratory. Since amphibian larvae 
often behave in such a way as to reduce the risk of 
predation (e.g., Anholt and Werner 1995, Kupferberg 
1998, Lefcort 1998), we predicted that the X. laevis 
tadpoles would alter their behavior in response to indi
rect cues of predation risk, in particular, an intrinsic 
cue, agel body size; and an extrinsic cue, group size. 
Predation risk of anuran larvae often decreases with 
size (e.g., Semlitsch 1990), thus we predicted that 
younger, smaller tadpoles would use habitats that could 
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be perceived as less risky (e.g., increased use of a veg
etated habitat, decreased use of the open water col
umn) and to lower activity, which tends to reduce pre
dation risk (e.g., Kupferberg 1998, Skelly 1994). Group 
size may influence an individual's perception of preda
tion risk, the larger the group the lower the individual's 
perceived risk (e.g., Watt et al. 1997). We therefore 
predicted that tadpoles alone or in small groups would 
use less risky habitats and have lower levels of activity 
compared to tadpoles in larger groups. We also ex
pected 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 predicted a significant interaction term). 

MATER~SANDMETHODS 

Xerwpus laevis tadpoles are relatively unique among 
anuran larvae (see Wassersug 1996 for a review). 
Among their unique characteristics are their morphol
ogy (both in their feeding structures and in the anatomy 
of their spinal cord and associated muscles) (Wassersug 
1996). Xenopus laevis tadpoles are positively bouyant 
and are obligate air-breathers (Wassersug 1996). In 
addition, they often aggregate and tend to school in a 
fashion similar to fish, using a lateral line system to 
help hold school shape (Wassersug 1996). Unfortu
nately, very little is known about the biology of X. 
laevis tadpoles in the wild (e.g., natural predators). 

Xenopus laevis eggs were obtained from the Caro
lina Biological Supply Company. Eggs were incubated 
at room temperature (19°C), and hatched after 10 d of 
incubation. Tadpoles were maintained under similar 
conditions in opaque plastic containers. Two to three 
days after hatching, we began to feed tadpoles crushed 
adult Xenopus food. Tadpoles were fed and containers 
cleaned daily. 

Test arenas were 19-L aquaria with a shallow bed 
of pebbles covering the bottom, with larger rocks and 
artificial vegetation placed on opposite ends of the tank, 
leaving an open area in the center. The test arenas 
were filled half-full with filtered stream water. After 
each trial test arenas were emptied and refilled to 
eliminate any cues that may have been left by the 
previous tadpole(s). 

The general testing procedure consisted of care
fully placing the appropriate number of tadpoles into 
the test arena and then allowing 15 min for the tad
poles to acclimate to the arena. Following the acclima
tion period, the position and activity level for each 
tadpole were noted every minute for 15 min. Specific 
information collected included: 1) location in the tank 
(bottom = resting on the substrate, open = floating or 
swimming in water column, against glass = resting 

against the side of the aquarium, but not resting on the 
substrate), 2) habitat (rock, neutral, vegetated), and 3) 
activity level (low = no movement, medium = some tail 
movement, high = actively swimming). Four replicates 
were performed for each tadpole density (one, two, or 
six). 

The first set of trials occurred two weeks after 
hatching. Tadpoles in the first set of trials were stage 
25 (Gosner 1960). The second set of trials occurred four 
weeks after the completion of the first set of trials 
(seven weeks post-hatching). Tadpoles in the second 
set of trials were stages 36-38 (Gosner 1960). Tadpoles 
in the second set of trials were substantially larger 
than those used in the first set of trials (on the order of 
3 to 4 times larger). Tadpoles were not used in more 
than one set of experiments. 

To analyze the data, we generated a mean propor
tion of tadpoles observed in each location, habitat, or at 
each activity level for a given trial by averaging the 
proportions from each individual minute's observation. 
Thus, for each trial we had a mean proportion for each 
location (bottom, open, against glass), habitat (rock, 
neutral, vegetated), and activity level (low, medium, 
high). 

For each type of variable (location, habitat, and 
activity level), we ran a separate two-way ANOVA with 
age and group size as the independent variables for 
each type of observation. For example, to analyze the 
location data we did separate ANOVAs on bottom use, 
glass use, and open water use. Because of the multiple 
tests we use a corrected a-value of 0.017. Prior to 
analysis we transformed all proportion data with an 
arcsin square-root transformation. All means are given 
± 1 standard error (SE), and represent the untrans
formed proportion data. 

RESULTS 

Late tadpoles were more likely to be observed on 
the bottom than early tadpoles (0.450 ± 0.074 vs. 0.173 
± 0.061, N = 12 in both cases; Fl18 = 14.04, P = 0.0015). 
However, the size of the group interacted with the age 
of the tadpoles to modify the general trend (Fig. 1; F2 18 
= 7.10, P = 0.005). For lone tadpoles, early tadpoies 
spent more time on the bottom; however, for pairs and 
groups, late tadpoles spent more time on the bottom. 
Group size by itself did not significantly affect the use 
of the bottom of the test arena (F2 18 = 0.40, P = 0.68). 
Age (F118 = 4.12, P = 0.057), group 'size (F2 18 = 0.094, P 
= 0.91),'and the interaction between age a~d group size 
(F218 = 2.89, P = 0.076) were not significant influences 
on the use of glass by the tadpoles. Similarly, none of 
these factors significantly influenced tadpole use of the 
open water column (age: F1,18 = 2.35, P = 0.14; group 
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Figure 1. Mean (± 1 S.E.) proportion of time spent on the 
bottom of the test arena as influenced by age and group size of 
Xenopus laevis tadpoles. Values given are untransformed 
raw means. 
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Figure 2. Mean (± 1 S.E.) proportion of time spent at low 
activity levels as influenced by age and group size of Xenopus 
laevis tadpoles. Values given are untransformed raw means. 

size: F2 18 = 3.29, P = 0.060; age x group size: F2l8 = 
2.48, P ~ 0.11). ' 

Age (F1l8 = 3.14, P = 0.093), group size (F2l8 = 
3.05, P = 0.072), and the age by group size intera~tion 
(F2,18 = 1.50, P = 0.25) did not significantly influence 
tadpole use of the rock habitat. Group size did not 
affect the proportion of time tadpoles spent using the 
vegetated side of the test arena (F2 18 = 0.99, P = 0.39). 
Age also did not affect tadpole u~e of the vegetated 
habitat (F1l8 = 1.52, P = 0.23). The age by group size 
interaction' was also not significant (F2,18 = 0.64, P = 
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0.54). Similar results were found for tadpole use of the 
neutral habitat (age: Fl,18 = 0.028, P = 0.87; group size: 
F2,18 = 0.60, P = 0.56; age by group size: F2,18 = 0.027, P 
= 0.97). 

Overall, early tadpoles were more likely to be ob
served at low activity levels than late tadpoles (0.592 ± 
0.083 vs. 0.329 ± 0.058, N = 12 in both cases; Fl18 = 
7.44, P = 0.014). Lone early tadpoles and early tadpoles 
in groups spent more time at low activity levels than 
lone and group late tadpoles, respectively, whereas late 
tadpoles in pairs spent more time at low activity levels 
than early tadpoles in pairs (Fig. 2; interaction: F2l8 = 
5.36, P = 0.015). Group size had no significant i~flu
ence on the proportion of tadpoles observed at low 
activity levels (F2 18 = 1.98, P = 0.17). Age (Fl18 = 0.27, 
P = 0.61), group size (F2,18 = 1.03, P = 0.38), a~d the age 
by group size interaction (F2 18 = 1.14, P = 0.34) did not 
significantly affect the prop~rtion of time spent at me
dium activity level. Older tadpoles were more often 
seen at high activity levels than young tadpoles (0.444 
± 0.070 vs. 0.126 ± 0.034, N = 12 in both cases; Fl18 = 
19.2, P = 0.0004). The proportion of time tadpoles 
spent at high activity level was not affected by group 
size (F2 18 = 1.22, P = 0.32). The interaction between 
age and' group size for high activity was not significant 
(F2,18 = 2.75, P = 0.091). 

DISCUSSION 

Xenopus laevis tadpoles showed no change in habi
tat selection or activity level with changes in group 
size. Other experiments have shown tadpoles alter 
behavioral patterns in the presence of conspecifics, of
ten increasing activity levels or the use of open habitats 
(Griffiths and Foster 1998, Lefcort 1998, ROdel and 
Linsenmair 1997). However, still other species show no 
effect of group size on behavior of tadpoles (Griffiths 
and Foster 1998). Further investigations into why 
such differences exist between taxa in the response to 
the presence of conspecifics would be very informative. 

Changes in behavior did occur as a function of age. 
Early X. laevis tadpoles were less active and used the 
glass more than the bottom, whereas older tadpoles 
were more active and used the bottom more than the 
glass. Xenopus laevis tadpoles are positively buoyant 
(Wassersug 1996) and thus may be able to use the 
water column even though they may not be strong 
swimmers. Also, large tadpoles may attain a size where 
they are no longer able to be eaten by a gape-limited 
predator (see Caldwell et al. 1980, Semlitsch 1990); 
thus larger tadpoles may perceive lower predation risk 
and use riskier, more rewarding habitats or behaviors. 
Alternatively, a tadpole's developmental stage or size 
may influence its swimming ability (e.g., Brown and 
Taylor 1995, Jung and Jagoe 1995, McCollum and 
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Leimberger 1997). Indeed, the early tadpoles had just 
become free swimming tadpoles and may avoid, or not 
be able to exploit as well, habitats requiring active 
swimming such as the open water column. 

Amphibian larval behavior is determined, in part, 
by the interaction ofintrinsic factors (e.g., age or devel
opmental stage) and extrinsic factors (e.g., group size, 
predation pressure). Our study suggests that age, an 
intrinsic factor, may play an important role in deter
mining the behavior of larval X. laevis. Age may also 
interact with the number of conspecifics, and extrinsic 
factor, to determine a tadpole's behavior. Our study 
also suggests that the evaluation of additional poten
tial influences on amphibian larval behavior are war
ranted, as are studies assessing the effects of the inter
actions of multiple cues, both intrinsic and extrinsic, on 
tadpole behavior. Additional studies on the flexibility 
of tadpole responses to extrinsic and intrinsic cues 
would also be very enlightening. 
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