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Abstract
Antipredator behavior is commonly observed throughout the animal
kingdom, and these behaviors can be critical to the life history of various
prey species (Nunes et al. 2013). In this study, the Appalachian Brook
Crayfish (Cambarus bartonii) is a caged predator in the presence of
developing Wood Frogs (Lithobates sylvatica). Larval amphibians serve as
prey for the opportunistic crayfish, offering an opportunity to study the
dynamics of predator-prey relationships within aquatic systems (Mathis,
Murray, Hickman, 2003). Larval aquatic prey-life history and morphology
have been widely studied in relation to the effects of predators. However,
few studies have focused upon the effects of varying predator density on
Wood Frog (Lithobates sylvatica) larval development (Mathis, Murray, &
Hickman, 2003; Schoeppner, & Relyea, 2009). The presence of predatory
crayfish can be detected by the larval amphibians via the chemoreceptors
that cover amphibian skin, and the ability of prey to detect kairomones is
thought to be an innate predator detection mechanism, rather than an
acquired mechanism (Woodley, 2014; Batabyal et. al., 2014). The presence
of kairomones throughout amphibian development is thought to influence
metamorphosis by increasing the rate of metamorphosis while reducing
the size of the amphibians at their various life stages (Steiner and Buskirk,
2009). It has been speculated that predators do not continuously produce
kairomones, instead producing kairomones only when consuming their
prey, as this constant production would be costly and potentially reduce
the amount of prey residing near them (Schoeppner, & Relyea, 2009). The
goal of this study is to assess the potential effects of varying levels of
predatory kairomones on larval amphibian development. If predator
density is directly related to the concentration of predatory kairomones,
then variation in metamorphosis size and rate should be observable
between control and experimental groups. If the levels of predatory
kairomones that Wood Frog (Lithobates sylvatica) larvae are exposed to
directly impacts metamorphosis rate and size, then larvae exposed to
predatory kairomones are expected to undergo an accelerated
metamorphosis rate and experience decreased body size when compared
to control groups. Measurements will be taken after metamorphosis on
hind limb length, hind limb width, body length, body width, and mass
following the methods of Relyea (2001).

Results and Conclusion

Figure 1. Wood frogs are common throughout
the eastern and Midwest United States,
indicated by the areas shaded in green above.

Figure 3. Adult Wood Frogs in amplexus. (Photo by
Paul Sattler, Ph.D.)

Figure 2. Opossum Creek, the site of Appalachian Brook crayfish. A dirt road along the creek provided
an ephemeral pool for wood frog egg mass collection.

Conclusion: Initial hatch success varied, but this did not seem to be related
to an increase in predator density. Tadpoles greater in size were expected to
be farther along in development. The tadpoles developing in the presence
of predators seemed to have less hind limb development when compared to
tadpoles developing in the absence of a predator (Graph 2).

Figure 5. Developing Wood frog eggs

Figure 4. Experimental setup showing each of
the four treatments, Row 1: Control Row 2:
One Crayfish Row 3: Two Crayfish Row 4: Four
Crayfish

Figure 7. Larval specimen photographed on
the 14th of march by Morgan R.

Figure 6. Native distribution of C. bartonii in 1st-2nd
order stream habitats, ephemeral pools, and roadside
ditches

Figure 8. Appalachian Brook Crayfish (C.
bartonii) is a potential predator of developing
amphibians.

Wood frogs (Lithotabes sylvatica) are common and widely distributed
(Fig. 1) and make an ideal candidate for ecological studies. Local L.
sylvatica are known to reside around the habitat of Opossum Creek
(Fig. 2), in which they live in close proximity with the Appalachian
brook crayfish (Cambarus bartonii) (Fig. 8). Developing L. sylvatica
may become prey items to opportunistic crayfish, which
subsequently release predatory hormones, known as kairomones.
Though the source of the predatory kairomones has not been fully
characterized, these predatory kairomones have been shown to
effect the development of amphibians (Nunes et al. 2013). A
preliminary study on the effects of varied levels of predatory
kairomones may shed light on L. sylvatica develop in the presence of
varied numbers of potential predators.

Average Lengths per Treatment
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Introduction

Future Work
1. In order to better simulate a natural environment, tanks containing
both caged and uncaged crayfish will be tested, which will help to
determine how kairomone effectiveness may differ when crayfish are
feeding upon larval specimens rather then pellets.
2. Other larval amphibian species, such as salamanders or other frogs and
toads, will be tested in a similar fashion, which will allow for the
examination of kairomone effects on other species.
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Graph 1. Average tadpole length in treatments 1-4 after four weeks of development
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Methods
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• Single crayfish were caged within varied treatment groups for
kairomone release (Fig. 4)
• Approximately 130 Wood Frog eggs were placed in each treatment.
• Tadpoles were fed with frozen lettuce and fish flakes several times
weekly.
• Weekly water checks of pH, nitrate, nitrite, ammonia, and carbonate
hardness were taken and partial water changes were done as needed.
• Tadpole total length was analyzed prior to tail reabsorption (Fig. 9).
• Tail reabsorption of the larval Wood Frogs will be used to indicate the
completion of metamorphosis.
• Metamorphosed Wood Frogs will be euthanized with MS222, and
placed into preservative.
• Measurements including hind limb length and width, body length and
width, and body mass were taken (Fig. 10).

Results: Four weeks after the wood frog tadpoles emerged from their eggs
the total lengths were measured. The average total lengths for the
treatments one through four were 27.8mm(n=63), 27.1mm(n=72),
38.9mm(n=12), and 32.4mm(n=38). Due to varied hatch success rates in
treatments 3 and 4, the sample sizes are much smaller when compared to
treatments 1 and 2. After four weeks, the tadpoles in the presence of two or
more predators were greater in size when compared to the tadpoles with
one, or no predators (Graph 1). Hind limb development varied among
treatments(Graph 2). However, in the two crayfish treatment there was an
absence of hind leg development, but a higher than average total length
compared with the other treatments.
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Figure 9. Measurements to be used
in quantification of tadpole body
size, including tail width, body
width, and body length (Relyea,
2001).
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Graph 2. Number of tadpoles with hind limb in treatments 1-4 after four weeks of development

Figure 10. Measurements to be used in
quantification of frog body size, including hind
limb length, hind limb width, and body length
(Relyea, 2001).

Batabyal, A., Gosavi, S.M., & Gramapurohit, N.P. (2014). Determining sensitive stages
for learning to detect predators in larval bronzed frogs: Importance of alarm cues
in learning. Journal of Biosciences, 39(4): 701-710.
Mathis, A., Murray, K. L., & Hickman, C. R. (2003). Do experience and body size play a
role in responses of larval ringed salamanders, Ambystoma annulatum, to predator
kairomones? Laboratory and field assays. Ethology, 109(2), 159-170.
Nunes, A. L., Richter-Boix, A., Laurila, A., & Rebelo, R. (2013). Do anuran larvae respond
behaviorally to chemical cues from an invasive crayfish predator? A communitywide study. Oecologia, 171(1), 115-127.
Relyea, R. (2001). The lasting effects of adaptive plasticity: Predator-induced tadpoles
become long-legged frogs. Ecology, 82(7), 1947-1955.
Schoeppner, N. M., & Relyea, R. A. (2009). Interpreting the smells of predation: How
alarm cues and kairomones induce different prey defences. Functional Ecology,
23(6), 1114-1121.
Steiner, U.K., Buskirk, J.V. (2009). Predator-induced changes in metabolism cannot
explain the growth/predation risk tradeoff. Public Library of Science One. 4(7):
e6160.
Woodley, S. K. (2014). Chemical signaling in amphibians. Neurobiology of chemical
communication, Boca Raton (FL): CRC Press. Chapter 8.
Figure 1 retrieved from: http://www.pwrc.usgs.gov:8080/mapserver/naa/.
Figure 2 retrieved from: http://www.waterfall-picture-guide.com/opossumcreek-falls-lynchburg-va.html.
Figure 8 retrieved from: http://nickhawkins.photoshelter.com/image/I0000aNeu.VHmcf

