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Abstract

A field experiment was performed to examine the effects of predation on the 

morphology of the spotted frog (Rana luteiventris). Seven ponds were randomly selected 

for survey in the Helena National Forest. Macroinvertebrate predators were counted and 

tadpoles were collected to measure morphological characteristics. Statistical analysis 

demonstrated that predation had a significant overall effect on tail morphology. 

Specifically, the higher number of predators in a pond, the longer the tail, the thicker the 

tail muscle, and the more narrow the mouth width of tadpoles. These induced changes 

presumably increase swimming speed, improving predator evasion. Interactions with 

other members of the aquatic community are likely to be influenced as well. This study 

provides further evidence for predator-induced plasticity in amphibian larvae.
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Introduction

Morphological defenses have been observed in plants responding to herbivores 

(Karban and Baldwin 1997) and animals responding to predators (Havel 1987). There 

are two types of morphological defenses: constitutive or fixed defenses, which are 

present at all times in an organism, and falcultative or induced defenses, which occur 

only when a predator is present (Dodson 1989). In animals, induced defenses include 

changes in body size and shape (Dodson 1974), essentially allowing an organism to 

phenotypically adapt to its environment.

Predator-induced morphological plasticity is costly to the prey when a predator is 

absent from the environment (Dodson 1984). Consistent with this observation, induced 

plasticity is only found in aquatic habitats where chemical cues in the water can provide 

information about local predators (Havel 1987). As a defense mechanism, this is 

beneficial because it provides prey with a mechanism to detect predators through 

nonlethal encounters, allowing them to differentially respond to both the presence or 

absence of predators (Dodson 1989).

Smith and Van Buskirk (1995) found that tail shape in tadpoles of the chorus frog 

{Ranapseudacris) varies among ponds with and without odonate predators. McCollum 

and Leimberger (1997) found that tadpole shape and color were affected by dragonfly 

larvae predation. Relyea (2000) found that the presence of aeshnid dragonfly larvae 

reduced the mouth width and tail length of leopard frogs {Rana pipiens) and wood frogs 

{Rana sylvatica), but increased tail depth. A study on predator-induced morphological 

plasticity in spotted frog tadpoles, Rana luteiventris, could lead to a broader
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understanding of evolutionary and developmental mechanisms of predator avoidance in 

these amphibians.

I tested whether the morphology of tadpole tails in R. luteiventris was 

developmental^ plastic in response to the number of predators in a given pond. Using 

standardized dipnet sweeps, I quantified the number of predators in seven different ponds 

around the Helena National Forest and compared predator abundance to six 

morphological characteristics in tadpoles from these ponds. I measured total length, tail 

length, body length, tail depth, tail muscle depth, and mouth width. In light of the 

previous study by Relyea (2000), I anticipated a potential correlation between the number 

of predators in each pond and a series of specific morphological variables studied by 

Relyea. Specifically, I hypothesized that higher numbers of predators in ponds would 

correlate with shorter mouth widths, shorter tail lengths, increased depth of tails, and 

thicker tail musculature in tadpoles of spotted frogs.

Materials and Methods

I performed a field experiment to quantify the morphological response of Rana 

luteiventris to the number of predators. Seven ponds located in the Lump Gulch drainage 

basin in the Helena National Forest were randomly selected as individual sampling units. 

Each pond contained larval dragonflies, ditisid beetles, larval damselflies, and water 

boatmen, as well as R. luteiventris breeding activity. A dipnet with 50 micron mesh was 

used to collect the tadpole and predator samples.

Predator surveys began on 11 June and ended on 16 August 2001, with each pond 

being sampled once a week throughout the summer. The number of predators in each
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pond was quantified by walking the edges of each pond and taking random, standardized, 

dipnet sweeps of one meter in length. Each survey consisted of ten sweeps per pond.

R. luteiventris tadpoles were collected from each pond on 12 July 2001 and 3 

August 2001. A sample of 15 tadpoles was dipnetted from each pond and preserved in 

formalin for measurement of tail morphology and mouth width. Six morphological 

dimensions were measured in the preserved tadpoles to the nearest tenth of a millimeter. 

Using calipers, I measured total length, tail length, body length, tail depth, and muscle 

depth. Tadpoles were placed on a flat surface so the tadpole lay in a natural, undistorted 

position. An additional measurement of mouth width was made using a dissecting 

microscope with a calibrated micrometer. Measurements were made with the mouth in a 

relaxed, preserved position.

For each pond, means were calculated for the 6 morphological characteristics that 

were measured, and for the number of predators per pond. The relative quantity of each 

morphological characteristic was calculated by dividing the respective mean by the mean 

of the total length. The ponds were arbitrarily divided into 3 groups, those with low, 

medium, and high predation. Low predation ponds averaged 12.6 predators, medium 

predation ponds averaged 17.2 predators, and high predation ponds averaged 28 

predators. Means and standard errors of the relative morphological quantities were 

calculated for each predation group. A multivariate analysis of variance (MANOVA) 

was performed to determine the overall effect of predation on the morphology of 

tadpoles, and a univariate analysis of variance (ANOVA) was performed on each 

response variable to assess which variables were responsible for the overall effect. All 

statistical analyses were performed using Statistica.
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Results

The results of the MANOVA revealed that there was a significant overall effect of 

predation on tadpole morphology (Table 1). The subsequent ANOVA indicated a 

significant effect of predation on the relative tail length, muscle depth, and mouth width

(Table 1).

Table 1. Results of MANOVA for overall effects of predation and univariate analysis 
(ANOVAs) of each response variable within the main effect.
A) MANOVA for overall effects

F df PSource
Wilks’

Lambda
Predation 0.66 3.87 10,168 <0.001

B) Univariate analysis (ANOVA) of morphological variables

Source df MS F P
Relative tail length 2 0.004 2.99 0.055
Relative body length 2 0.002 1.44 0.243
Relative tail depth 2 0.001 0.93 0.398
Relative muscle depth 2 0.0006 3.96 0.022
Relative mouth width 2 0.0004 6.61 0.002

Averages and standard errors were calculated for each response variable that 

showed a significant effect on tail morphology. Table 2 summarizes these calculations 

for each predation group.

Table 2. Mean and standard error of relative tail length, muscle depth, and mouth width 
for low, medium, and high predation ponds.
Predation tl/TL md/TL mw/TL

Low 0.63 (se=0.007) 0.10 (se=0.002) 0.072 (se=0.002)

Medium 0.65 (se=0.006) 0.11 (se=0.002) 0.067 (se=0.001)

High 0.66 (se=0.007) 0.12 (se=0.003) 0.065 (se=0.001)
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A comparison of these averages demonstrated that the higher number of predators 

per pond, the longer the relative tail length (Fig. 1), the thicker the relative muscle depth 

(Fig. 2) and the more narrow the relative mouth width (Fig 3).

Figure 1. Relative tail length of R. luteiventris vs. low, medium, and high predator ponds.
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Figure 2. Relative muscle depth of A. luteiventris vs. low, medium, and high predator ponds.

Figure 3. Relative mouth width of R. luteiventris vs. low, medium, and high predator ponds.
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Discussion

This study demonstrates that predation influences the tail morphology of R. 

luteiventris tadpoles. Relative to the total length of the tadpole, the length of the tail and 

the thickness of the tail muscle were greater in ponds with high numbers of predators. 

Likewise, tadpole mouth widths decreased in ponds with large predator populations. 

These results suggest that induced changes in tail morphology act as a defense 

mechanism for tadpoles in ponds with high levels of predation. Apparently, chemical 

cues associated with predation were adequate to induce these morphological changes.

The inducing cue could have been a metabolite of the digestion of tadpoles by the 

predator (Parejko and Dodson 1990), or an alarm pheromone released by tadpoles when 

attacked (Hews 1988).

Swimming ability is a key determinant in evasion of predators, and adaptations 

that increase this ability can serve as efficient defense mechanisms against predation. 

Previous studies show that once detected by a predator, increased swimming speed can 

help tadpoles escape (Caldwell et al. 1980 ; Lawler 1989). Increased tail length and 

muscle depth should result in faster starts and sharper turns by improving caudal fin 

transient propulsion (Webb 1984). Large tail muscle mass has been related to improved 

swimming performance (Wasserburg and Hoff 1985), and a longer tail may function as a 

distraction keeping the attention of the predators away from the body (Caldwell 1982). A 

decrease in tadpole mouth width gives the tadpole body a more streamlined shape, 

increasing swimming speed.

The increase in tail muscle depth and decrease in mouth width found in this study 

are consistent with previous studies on induced morphological characteristics of tadpoles
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(e.g. Relyea 2000; Smith and Van Buskirk 1995). Relyea (2000) found that tail length of 

wood frog and leopard frog tadpoles decreased when exposed to high levels of predation, 

as opposed to an increase in tail length as was found in my study. However, studies on 

the swimming speeds of aquatic vertebrates (e.g. Wasserburg 1989; Webb 1984) 

demonstrate that longer tails are more advantageous for a tadpole in an environment 

consisting of many predators.

Because of the variable number of predators found within different pond 

communities, morphological plasticity in response to predation may be a common 

occurrence. This means that predators not only affect prey populations through 

consumption, but also may induce morphological traits that alter the interactions between 

members of the aquatic community. For example, a decrease in mouth width caused by 

predation could alter the food consumption of the tadpoles, having a positive effect on 

resource availability for other species. In this way, induced morphological plasticity 

from predation could essentially affect the whole community. Studies have shown that 

predation and competition play a role in behavioral responses of tadpoles affecting 

multispecies interactions (Relyea 2000; Werner and Anholt 1996). Morphological 

plasticity may be just as important, however, as McCollum and Van Buskirk (1996) have 

shown that the susceptibility of H. chrysoscelis tadpoles to Anax larvae is more strongly 

correlated with tail color than with behavior. Further study on predator-induced 

morphological plasticity will contribute to the current knowledge on predator-induced 

behavior, increasing our understanding of multispecies interactions.
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