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Abstract

A laboratory experiment was preformed to determine the effects of predation on 

the morphological plasticity of the Columbia spotted frog (Rana luteiventris). Four 

treatments, each comprised of five replicates included predators, mashed conspecifics, 

predators and mashed conspecifics and a control group. Different morphological features 

were measured and a statistical analysis of these features was performed to determine the 

overall effect of predation. Predation, or the presence of chemical cues released from the 

predator or the skin of the injured amphibian, had a significant effect on muscle 

development. Specifically, tadpoles reared in the presence of predators or mashed 

conspecifics developed thicker tail musculature. This modified tail development could be 

advantageous in avoiding predators. This study may lead to a better understanding of the 

environmental dependent phenotypic plasticity of the spotted frog.
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Introduction

Most species have developed some form of a defense mechanism against 

predation that has evolved over time, ultimately leading to an increase in fitness. Tail 

autotomy is one such adaptation. Accordingly, the lizard loses its tail when attacked by a 

predator, but ultimately regenerates it (Fox and McCoy, 2000). These defense 

mechanisms are not limited to the animal kingdom, and include the plant kingdom as 

well. For example, in a study by Young (1987), a plant species {Acacia depranolobium) 

was able to control thorn length in response to the amount of grazing by herbivores.

Amphibians have also developed defense mechanisms in response to predation 

(Reylea, 2000). Immature amphibians respond to chemical cues that are released either 

from the skin of the tadpole (Hews, 1988) or from the predator itself (Dodson, 1989). 

These chemical cues have been shown to elicit an alarm response in other immature 

amphibians (Hews, 1988). By responding to these chemical cues, immature amphibians 

are able to modify their development and behavior depending on the environment in 

which they are reared (McCollum and Leimberger, 1997).

Larval amphibians are known to exhibit phenotypic plasticity in response to 

predators. Phenotypic plasticity is demonstrated when a species with the same genotype 

can have alternative phenotypes depending on the environment which it was reared in 

(Newman, 1992). Evolutionarily speaking, it is advantageous for a species to be able to 

modify its phenotype depending on the environment in which it is reared. This 

phenotypic plasticity is important due to the energy investment involved in maintaining a 

modified development in the absence of factors that originally induced the change 

(McCollum and Leimberger, 1997).

1



Van Buskirk and Relyea (1998) found that tadpoles of wood frogs (Rana 

sylvatica) reared in the presence of predators were smaller, had shorter and narrower 

bodies, deeper tail fins and slightly longer tails. Relyea (2000) compared the effects of a 

predator on tadpoles of wood frogs and leopard frogs (R. pipiens) and found that the 

presence of larval dragonflies resulted in the tadpoles having a reduced mouth width, 

increased tail depth, and reduced tail length in both species. Simons (2002) observed a 

direct correlation between the abundance of predators in ponds and the magnitude of the 

induced morphological changes in tadpoles of the Columbia spotted frog (R. luteiventris). 

Specifically, ponds with a greater abundance of predators yielded tadpoles with longer 

tails, thicker muscle depth and a narrower mouth width. There does not seem to be any 

inherent reason why the morphology of tadpoles would be different unless the interaction 

between the environment and tadpole genetics is inducing a change.

I tested whether the morphological plasticity of the spotted frog could be induced 

under different environmental conditions. Whereas, Relyea (2000) and Simons (2002) 

performed field experiments, I attempted to determine if similar results could be attained 

in a laboratory setting where I could control predator effects. The laboratory setting 

allowed me to determine if the presence of chemical cues in the environment (i.e. non- 

lethal predator presence) was sufficient to induce morphological differences from the 

control group. Based on the similarities between my experiment and the ones performed 

by Simons (2002) and Relyea (2000) I expected that chemical cues from the non-lethal 

presence of predators could induce morphological changes in tadpoles. Also, if chemical 

cues were released by injured conspecifics then the presence of mashed conspecifics 

should also induce morphological changes. Based on this reasoning, I hypothesized that
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the presence of predators and mashed conspecifics would result in tadpoles having 

smaller mouth widths, longer tails, thicker tail musculature and greater tail depth 

compared to those exposed to the other treatments. Such a response would suggest that 

the phenotype of the spotted frog is dependent on the environment.

Materials and methods

On May 9th, 2002,1 collected six clutches of eggs and several dragonfly larvae 

(Odonate spp.) from a pond south of Park Lake in the Helena National Forest. This pond 

was selected because of abundant breeding activity for frogs and dragonfly larvae. I used 

a separate plastic container to scoop out each egg clutch. The dragonfly larvae were 

collected by repeated sweeps of a dipnet around the edges of the pond. In the laboratory, 

the egg clutches were divided equally between two 38-liter tanks and allowed to hatch in 

well water. I began my study once the tadpoles were approximately 1.75 mm in total 

body length.

Four different treatments, each comprised of five replicates were used in the 

laboratory. For each replicate, ten tadpoles were placed into a 3.8-liter plastic, 

rectangular aquarium. The plastic aquaria were placed randomly across a table in the 

laboratory. Each aquarium received a cage containing a control (empty cage), a 

dragonfly larva, a mashed conspecific, or both a dragonfly larva and a mashed 

conspecific, corresponding to the four treatments. The cage consisted of a small plastic 

container (0.95 L) with a 0.0508m x 0.0508m sq. removed from either side and covered
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with a mesh screen to allow for chemical contact between the tadpoles and the treatment 

in the cage.

The experiment was conducted over a six-week period where the tadpoles were 

fed five pellets of rabbit chow daily and the water in the containers was changed with 

fresh well water every 4-5 days. Dragonfly larvae in the predator treatments were 

replaced with new predators every week. The predators were not fed during trials in 

order to prevent adding chemical cues from the digested tadpoles. The reserve predators 

were fed one tadpole daily.

At the completion of the study, the tadpoles were preserved in formalin to allow 

for measurement of morphological features. Six different morphological features were 

measured for each tadpole including: total length, body length, tail length, tail depth, 

muscle depth and mouth width. Each of these measurements was made with calipers to 

the nearest tenth of a millimeter. The measurements were taken after the tadpole had 

been placed on a petri dish, in a natural, relaxed state to ensure accurate measurements. 

To accurately measure the mouth width, a dissecting microscope, complete with a 

calibrated micrometer was used, also with the mouth in a relaxed position.

Because shape can change with scale, I measured the relative change in shape, not 

size, of each morphological characteristic. I was also concerned with shape, and not size, 

because if significant results were obtained, that would imply phenotypic plasticity. To 

determine shape, I divided each of the morphological measurements by the total length. I 

used the software Statistica for all of my statistical analyses. I calculated the average and 

standard error for each morphological feature, for each treatment, and then performed a 

multivariate analysis of variance (MANOVA) to determine the overall effect of predators
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and chemical cues on the morphology of tadpoles (Tabachnick and Fidell 1989). A 

univariate analysis of variance (ANOVA) was then performed on each morphological 

characteristic to determine which factor contributed to the main effect (Tabachnick and 

Fidell 1989).

Results

The MANOVA test demonstrated that the presence of predators and mashed 

conspecifics had a significant effect on the morphology of the tadpoles (Table 1). The 

ANOVA test revealed that mashed conspecifics or predation had a significant effect on 

muscle depth (Table 2, Figure 1 and Figure 2).

Table 1: Results of MANOVA testing for overall effects of predation and mashed 
conspecfics.

Factor Wilks’ Lambda Rao’s R df p-level
Mashed

Conspecifics
0.379 5.32 4 0.009

Predation 0.396 4.96 4 0.012

Predation and 
Mashed 

Conspecifics

0.820 0.714 4 0.597
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Table 2: Results of ANOVA tests for each morphological characteristic 
A: Predation

Characteristic df MS F p-level
Relative tail 
length

1 0.006 0.54 0.471

Relative tail 
depth

1 0.00002 0.006 0.935

Relative muscle 
depth

1 0.002 6.56 0.021

Relative mouth 1 6.77 3.03 0.100
width

B: Mashed Conspecifics

Characteristic df MS F p-level
Relative tail 

length
1 0.00008 0.007 0.936

Relative tail 
depth

1 0.0003 0.003 0.745

Relative muscle 
depth

1 0.004 12.85 0.002

Relative mouth 
width

1 4.62 2.07 0.169

The averages and standard errors for each of the morphological characteristics in 

the presence and absence of predators and mashed conspecifics are listed in Table 3.
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Table 3: The averages and standard errors for four morphological characteristics (in mm)

Treatment Tail Length Tail Depth Muscle Depth Mouth Width
Predators 1.89 ± 0.674 ± 0.316 ± 1.53 ±
Present 0.026 0.019 0.0069 0.538

Predators 1.86 ± 0.676 ± 0.296 ± 1.55 ±
Absent 0.039 0.014 0.007 0.409

Mashed 1.89 ± 0.671 ± 0.32 ± 1.53 ±
Conspecifics 0.044 0.018 0.006 0.406

Present

Mashed 1.88 ± 0.679 ± 0.292 ± 1.55 ±
Conspecifics 0.017 0.015 0.007 0.561

Absent
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Figure 1: Relative muscle depth of R. luteiventris in the presence and absence of 

predators.
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Figure 2: Relative muscle depth of R. luteiventris in the presence and absence of mashed 

conspecifics.

Discussion

The results of my study suggest that chemical cues can influence the 

morphological development in tadpoles of the Columbia spotted frog. Specifically, this 

study revealed that in the presence of predators or mashed conspecifics, tadpoles 

developed a deeper tail musculature. Thus, chemical cues released from the skin of 

injured tadpoles (Hews, 1988) or from the predator itself (Dodson, 1989) may have been 

sufficient to mimic the presence of a predator.

My original hypothesis was that the treatment with predators and mashed 

conspecfics would result in tadpoles that had smaller mouth widths, longer tails, thicker 

tail musculature and greater tail length compared to those exposed to other treatments. I
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had to reject my original hypothesis because the results for this treatment were not 

significant, due to extreme variability, probably as a result of the small sample size. 

However, the treatment with mashed conspecifics and the treatment with predators both 

had significant effects on tadpole morphology. The effects of these two treatments were 

in agreement with what was expected from the literature, but only muscle depth appeared 

to be significantly affected.

My results do appear to follow previous observations (Relyea 2000; Simons 2002; 

Van Buskirk and McCollum 2000). However, the laboratory conditions in which the 

tadpoles were reared may not be indicative of an actual pond environment. Field 

conditions do not allow for testing chemical cues independent of other environmental 

cues. My results suggest that chemical cues may be responsible for the effects observed 

by Simons (2002).

Simons (2002) obtained results similar to those observed here. He found that 

tadpoles reared in ponds with an abundance of predators had smaller mouth widths, 

longer tails, and thicker tail musculatures. Relyea (2000) compared the effects of a 

predator on tadpoles of wood frogs and leopard frogs and found that the presence of 

larval dragonflies resulted in the tadpoles having a reduced mouth width, increased tail 

depth, and reduced tail length in both species as compared to the increase in tail length in 

my study. Van Buskirk and Relyea (1998) found that tadpoles of wood frogs reared in 

the presence of predators had deeper tail fins, and slightly longer tails. Van Buskirk and 

McCollum (1999) discovered that Hyla versicolor tadpoles developed a larger relative 

tail depth in the presence of predators than those reared in the absence of predators. Van
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Buskirk and McCollum (2000) also found that tadpoles reared in the presence of insect 

predators developed larger tails compared to tadpoles reared in the absence of predators.

These results reveal the significance of phenotypic plasticity. The tail 

morphology of a tadpole is very important for its ability to evade predators. The 

enhanced predator avoidance may be the result of increased swimming performance due 

to the increase in muscle depth and surface area of the tail (Van Buskirk and McCollum 

2000). The deepest part of the tail is involved with generating thrust and angular 

acceleration and so it was thought that this would aid in “burst swimming” (Van Buskirk 

and McCollum 2000). Tadpoles are unique in the fact that they are basically vertebrates 

without vertebrae; they lack any form of solid, segmented skeletal elements (Hoff and 

Wassersug 2000). As a result, tadpoles swim by means of undulatory locomotion (Hoff 

and Wassersug 2000). It is thought that tadpoles rely on muscle stiffness, as well as the 

duration of the muscular contraction to control the degree of the turn (Hoff and 

Wassersug 2000). However, Van Buskirk and McCollum (2000) suggested that the 

increase in both tail length, and tail depth did not improve swimming performance, 

suggesting the reduced vulnerability may possibly be due to other reasons. They 

postulated that the increased predator avoidance might simply be due to secondary 

functions of the larger tail. They discovered that swimming performance was not 

adversely affected until 30% or more of the tail was removed (Van Buskirk and 

McCollum 2000). Therefore, if there is more tail, there is ultimately more to lose. 

Another possibility is that the larger tail simply distracts the attention of the predator 

away from what would probably be a lethal attack on the body. Blair and Wassersug 

(2000) found that the tip of the tail was the most frequently damaged area in many

10



tadpole species. Tails of tadpoles tear easily and allow the tadpole to escape the attack; 

the tail is then quickly regenerated (Hoff and Wassersug 2000).

It is not known what the adaptive advantage of having a smaller mouth width 

might be, but it is thought that it might increase the swimming performance of the tadpole 

by allowing it to develop a more streamlined shape.

Further studies on the predator induced morphological development may add to 

the current knowledge base of phenotypic plasticity. Regardless, my results suggest that 

the presence of predators and chemical cues from injured conspecifics influences the 

morphology of the spotted frog.
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