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Item 9: Statement of Objectives:  
My desire to work in the field of environmental biology was founded by past experiences 

and is continually fueled by my current surroundings.  My past success in research shows that I 
am able to achieve significant results in future studies.  I believe that these reasons and others 
listed below make me a competitive candidate for the EPA STAR grant. 

My interest in aquatic ecology began as an undergraduate working on a variety of 
projects in California streams.  During this time, I was involved in a project that examined the 
effects of invasive predators on salamanders.  I published a three-year study focusing on abiotic 
effects that modified salamander feeding ecology (Kerby and Kats 1998; Ecology 79:740-745).  
This early involvement in ecological research led me to pursue a graduate degree.  For my 
masters research, I investigated the dispersal patterns of invasive crayfish and their impact on 
native amphibians.  This research was supported by grants from the Southwest Parks and 
Monuments Association ($7000), the California State University Northridge University Council 
($900), and the Las Virgenes Institute ($5000).  I have given numerous presentations on this 
work (the latest this past spring at the Ecological Society of America meeting), and will be 
submitting the results for publication by the end of this year.  This work was the basis for 
funding of two grants that I helped write and currently am a consultant on: The Trancas creek 
restoration grant ($100,000) and a Sea Grant ($258,929).  Along with my masters research, I was 
previously hired to work with the National Park Service to survey streams and inventory 
amphibians and reptiles.  Results from this work are also about to be submitted for publication.  
These past experiences have guided me into the field of conservation biology where I hope to 
address current environmental concerns with ecological concepts. 

My current and future plans involve investigating anthropogenic effects on aquatic 
organisms.  My doctoral dissertation project focuses on environmental issues using a 
multidisciplinary approach involving the fields of ecotoxicology, behavioral ecology, and 
community ecology.  I am particularly interested in examining both the abiotic factors (e. g., 
pesticides) and biotic factors (e. g., predation) involved in amphibian conservation issues.  I have 
been involved in several ecotoxicological projects with collaborators both at my current 
university (Anja Wehrmann) and at an outside university (Dr. Jason Rohr at the University of 
Kentucky).  Last year, I received a traineeship through the UC Davis Ecotoxicology lead campus 
program.  Involvement in this program has given me detailed training in ecotoxicological 
concepts and methods to go along with my long-term training in ecology.  I selected this 
dissertation topic, in particular, to better prepare and qualify myself for work in an environmental 
agency.  I ultimately would like to be involved with a federal agency, such as the EPA, working 
to both define, understand, and mediate the causes of environmental degradation.   

The main reason why I chose to attend UC Davis for my doctoral degree was because of 
its diversity of professors with expertise in my field of interest.  My advisor, Andrew Sih, has 
published extensively in the field of predator-prey interactions particularly concerning 
amphibians.  Brad Shaffer, a leading expert in California amphibian declines is on my 
dissertation committee.  Both have published studies on pesticide effects on amphibians.  In 
addition, an ecotoxicologist, Mike Johnson, has also agreed to aid in my dissertation project.  By 
surrounding myself with such expertise, through both research and coursework, I will 
undoubtedly be well prepared for a future career as a productive scientist.   

I believe that my past experiences and present preparation form the basis for a successful 
career in environmental biology.  This grant will greatly contribute to that success and provide 
the funding to undertake an important project that may otherwise not be feasible. 
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Item 10: Education and Experience:  
PhD, Ecology, University of California Davis, expected date June 2006. 
MS, Biology with distinction, California State University Northridge, May 2003. 
BS, Psychobiology, Pepperdine University, April 1996. 
 
December 2002- Present, Graduate Student Researcher- Research in ecotoxicology.  Michael  
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Herrlinger- Department of evolution and ecology, UC Davis, Davis, CA 95616. 

August 1998 – April 2001, Adjunct Professor- Teach Zoology, Cell Biology, and Marine Biology labs  
and Computer Science Lecture.  Carolyn Von Strache- Natural Science Division, 
Pepperdine University, Malibu, CA 90263. 

September 1999- June 2001, Graduate Teaching Assistant- Teach entry-level biology labs. 
Jennifer Matos- Department of Biology, Cal State Northridge, Northridge, CA 91330. 

June 2000 – September 2000, Herpetologist- Survey streams and mountainsides for inventory of  
amphibians and reptiles. Ray Savajout- National Park Service, Santa Monica Mountains  
National Recreation Area, 401 W. Hillcrest Dr., Thousand Oaks, CA  91360. 
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varsity girl’s volleyball:  31-4 overall, Two League championships, CIF Quarterfinals and Finals.  
Jane Schusman- Hillcrest Christian School, Thousand Oaks, CA 91361. 

August 1995 – January 1997, Undergraduate Teaching Aid- Assisted professor with  
preparation and instruction of Statistics, Biochemistry, and Ecology labs.  Carolyn Von  
Strache- Natural Science Division, Pepperdine University, Malibu, CA 90263. 
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Item 12: Narrative Statement: 
A. Goal of research 
The proposed research uses an integrative approach to examine multiple mechanisms underlying 
the combined impacts of pesticides and predators on amphibians.  Previous studies have shown 
that both pesticides and predators can have important negative effects on amphibians (e.g., 
Sparling et al. 2000, Hayes et al. 2002, Sih and Kats 1994, Kerby and Kats 1998).  Although in 
nature amphibians might often face both factors simultaneously, the two have traditionally been 
studied separately.  Recent studies show, however, these two factors can have strong synergistic 
effects (Relyea and Mills 2001, Relyea 2004, Bridges 1999a, 1999b, Boone and Semlitsch 2001).  
My goal is to combine concepts in modern, predator-prey ecology (e.g., trait-mediated indirect 
interactions) with traditional EPA ecotoxicological methods to gain new insights on multiple 
stressor effects (predation and pesticides) on declining amphibians.  In particular, I propose to: 1) 
use traditional EPA single-species procedures to evaluate the relative sensitivity of both 
mortality and behavior on selected amphibian larvae and their predators to a suite of pesticides; 
2) quantify the behavioral and lethal effects of pesticides on predator-prey interactions () in the 
laboratory; and 3) examine synergistic impacts of pesticides and predation on multi-species 
communities in outdoor mesocosms.  Overall, this study should provide important insights for 
behavioral ecology (on mechanisms underlying the combined effects of abiotic and biotic 
stressors), for conservation biology (on factors contributing to amphibian decline), and for 
ecotoxicology (on more ecologically-based methods for assessing pesticide impacts). 
 
B. Rationale 

Amphibian declines 
Amphibian declines are occurring worldwide and are widespread within many regions (Blaustein 
et al. 1994, Fisher and Shaffer 1996).  While the declines themselves are widely apparent, there 
has been controversy over what mechanisms are causing these declines (Alford and Richards 
1999).  In California, Davidson et al. (2002) tested several hypotheses (UV, climate change, 
habitat destruction, and pesticides) on a statewide scale and concluded that pesticides contribute 
to declines of many populations near agricultural areas (specifically sites downwind of pesticide 
application) and possibly also in several Sierra Nevada mountain sites (Sparling et al. 2001).   
Interestingly, levels of pesticides found in the water at sites where amphibians are declining or 
extirpated are rarely above the lethal levels proclaimed by government agencies such as the EPA.  
How and why do concentrations that result in little amphibian mortality in laboratory tests cause 
widespread decline in the field? Several studies have linked sub-lethal effects of contaminants to 
alterations in physiology, development, and behavior (Sparling 2003).  A seminal study has 
recently helped shed light on this dilemma.  Relyea and Mills (2001) found that when so called 
sub-lethal levels of various pesticides are combined with the mere scent of a predator, mortality 
increases dramatically.  That is, otherwise non-lethal levels of pesticide become lethal when 
combined with the presence of predators.  The mechanism for this increased mortality is not 
known but perhaps is related to stress reactions.  These studies indicate that sub-lethal 
concentrations of pesticides may have profound impacts on mortality of individuals that surely 
would impact population abundances.   

 
Sub-lethal behavioral modifications 

Exposure to even low concentrations of pesticides can alter ecologically important behaviors 
(Grue et al. 2002).  In the context of predator-prey interactions, “sub-lethal” pesticide levels can 
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cause incorrect anti-predator behavior that leads to increased mortality by predators.  Because  
lethal concentrations for pesticides differ widely between amphibian species (Bridges and 
Semlitsch 2000, Barron and Woodburn 1995), sub-lethal effects also likely vary depending on 
the species and the pesticide.  I compared typical tadpole anti-predator behaviors when exposed 
to four different pesticides (diazinon, chlorpyrifos, carbaryl, and atrazine) and found that 
responses indeed varied widely between species and pesticides (Kerby in prep).  In one instance, 
refuge use by Rana boylii tadpoles was altered by two pesticides but in opposite directions 
(increased refuge use with carbaryl and decreased refuge use with atrazine).  However, pesticides 
may also alter predatory behavior and potential predators also likely differ in their vulnerability 
to lethal and sub-lethal effects.  This leads to four possible circumstances: 1) neither predator nor 
prey are affected, 2) prey are affected more than predators, 3) predators are affected more than 
prey, or 4) both are affected equally.  In a preliminary study (Kerby et al. 2003), I examined 
effects of a pesticide, diazinon, on both isolated amphibian prey and predatory fish, and on 
predator-prey interactions when held together.  In this case, diazinon had a greater impact on 
predators than prey.  Predators were largely inhibited and reduced activity, attack rates, and 
predation rates.  Interestingly, prey in the pesticide treatments did not respond strongly to 
predators.  This could mean either that pesticides interfered with the ability of these prey to 
respond to predators, or that prey were able to recognize the reduced predation risk.  In contrast, 
in another study (Rohr et al. 2003) we found that amphibian prey exposed to an herbicide, 
atrazine, exhibited reduced anti-predator responses (decreased refuge use, increased activity) in 
the presence of predators resulting in higher fish predation.  Clearly, more study is needed on 
relative impacts of pesticides on predators versus prey (Sih et al. 2004). 

 
Community-level effects 

The complexity of pesticide effects on predator-prey interactions is compounded when 
embedded in a food web where several species can directly or indirectly interact with one 
another.  Focusing on declining amphibian larvae as prey, pesticide levels can directly alter prey 
by reducing their response to predators, or can indirectly alter these behaviors via pesticide-
induced alterations in either predators, competitors, or resource levels.  Furthermore, if prey 
differ from one another in susceptibility to pesticides, this could spillover to have major effects 
on their relative risk to generalist predators, even at pesticide concentrations that are otherwise 
”sub-lethal”.   Several studies have examined community level impacts on amphibians when 
exposed to pesticides (Boone and Semlitsch 2001, 2002).  These studies demonstrate interactive 
effects between pesticides and biotic factors (such as competition and predation) but do not 
examine behavioral mechanisms explicitly.  To date, there have been no published studies 
examining impacts of pesticides on behaviorally mediated indirect interactions in a food web.   
 

Pesticides 
This study will focus primarily on three classes of pesticides (organophospates, carbamates, 
triazines) that are widely used in the United States, and more specifically in California.  Each of 
these types of pesticides has been shown to have detrimental effects on amphibians (Sparling et 
al. 2000) and organophosphates and carbamates have been correlated to areas of amphibian 
decline in California (per. comm. Carlos Davidson).  Diazinon, chlorpyrifos (organophosphates) 
and carbaryl (carbamate) operate by blocking acetyl cholinesterase and thus primarily interfere 
with nervous and muscular systems. Typical symptoms range from hyperactivity to paralysis and 
death (Cowman and Mazanti 2000).  Finally, the herbicide atrazine (triazine), will be assayed 
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since it exhibits hyperactivity in salamander larvae (Rohr et al. 2003) and alters reproductive 
organs in male frogs at low concentrations (Hayes et al. 2002).   

My dissertation will examine the effects of these four pesticides on several species of 
California amphibians both in laboratory settings and in mesocosm experiments to investigate 
the role of pesticide altered behaviors in predator-prey interactions that could contribute to 
regional amphibian declines. 
 
C.  Approach 
I propose to study interacting effects of pesticides and predation on amphibians at three different 
tiers.  The first tier involves laboratory assays of the relative impacts of different pesticides on 
mortality and behaviors of different predators and prey when they are held apart.  The next tier, 
still in controlled laboratory conditions, places both predators and prey together to observe 
possible interactions between pesticides and predatory or anti-predatory behaviors.  The final tier 
observes several direct and indirect interactions that occur in multi-species communities at the 
mesocosm level.  Information from the laboratory studies should help explain patterns that 
emerge in mesocosms that could and should yield insights on existing field patterns.   

 
Relative susceptibility study 

Rationale:  Standard procedures for pesticide registration include estimating the concentration at 
which 50% of a group of organisms die (the LC50).  These same procedures will be adapted to 
include behavioral assays on activity and refuge use.  Resistance to pesticides varies among 
species in terms of both mortality and behavioral response.  My highest proposed concentration 
may not cause mortality in all species but instead falls in the range of recorded environmental 
concentrations.  The relative responses of predators and prey will lead to predictions of how 
species may interact in a predator-prey or competitive interaction at a larger scale (i.e. in a 
community level context).   
Predictions:  1) Amphibian species purported to be declining in specific areas due to pesticide 
exposure (Rana boylii, Rana aurora, Spea hammondii, Rana cascadae, Rana muscosa, Bufo 
californicus; Davidson et al. 2002) will be more sensitive to pesticides (mortality and behavioral 
measures) than other amphibian species (Hyla regilla, Ambystoma californiense, Bufo canorus, 
Taricha torosa).  2) Invertebrate predators (Belostomatids, Dytiscids, Aeshnids, and crayfish) 
will be more sensitive to insecticide pesticides than vertebrate predators (salamanders and fish).   
Methods:  One hundred individuals of each species will be placed singly in a 500 ml glass 
container at four concentrations of pesticide (solvent control, 4, 40, 400 ug/L).  In preliminary 
studies, the methanol solvent control did not alter behavior or cause mortality, but this will be 
continually verified in additional species. A plexiglass refuge pipe will be placed in each 
container.  Behavior (activity, position, refuge use, foraging) and mortality will be monitored 
every 30 minutes for eight hours.  Observations will continue for seven days with fish flake food 
administered ad libitum and water renewed (with appropriate concentrations) on day four.  
Actual concentrations in jars will be measured by chemical analysis on three randomly selected 
jars at each treatment level both when water is changed and at experiment’s end.  Methods using 
sensitive prey species (obtained from non-declining areas via permitting with Brad Shaffer, an 
expert on amphibian declines) may be altered to reduce number of tadpoles used (lower sample 
size or fewer pesticides and/or concentrations).  No mortality is anticipated, although if it does 
occur it may lead to understanding a large cause of decline in that species.  To determine if an 
effect of pesticides exist on each species, a William’s test with a Bonferroni adjustment will be 
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performed on each behavioral variable.  This is a common statistical test used when determining 
the lowest significant dose exhibiting effects (Newman and Unger 2003, Williams 1972).   
 

Predator-prey study 
Rationale:  Incorporating the results from the previous section, controlled laboratory experiments 
will determine the effects of two pesticides at three concentrations on predator-prey interactions.  
Predator and prey species will be examined pairwise to observe impacts of pesticides on 
predatory interactions.  Results of pairwise interactions will be used to predict outcomes in larger 
community level studies (sensu Relyea and Yurewicz 2002). 
Predictions:  1) Pesticides will increase predation rates in dyads where they have little impact on 
predators but a large negative effect on prey (as determined by relative susceptibility 
experiments).  2) Pairings of predators and prey that are equally impacted by pesticides will 
either show no difference in predation rates compared to non-pesticide controls (e.g. predators 
less efficient at prey capture but prey less efficient at escape), or a reduction in predation rates 
due to generally reduced activity.  3) Pesticides will decrease predation rates in pairings where 
predators are more susceptible than prey to pesticide exposure.   
Methods:  Two pesticides will be selected based on the above relative susceptibility exposures.  
Ideally, the selected pesticides will have differential impacts on different predators (e.g. crayfish 
are significantly less impacted than salamander larvae) and on different amphibian prey.  Four 
prey and two predator species will be selected based on above relative susceptibility tests (those 
exhibiting altered behavior) and on availability (in cases of declining amphibians).  A control 
and two sub-lethal (to all predators and prey) concentrations of the pesticide will be added to ten-
gallon aquaria.  Ten amphibian larvae and/or one predator will be subsequently added to each 
tank.  In tanks with both species, tadpoles will be given 30 minutes acclimation time before the 
predator is introduced.  A caged predator treatment will be included to determine prey response 
to predator cues without actual predation.  Aquaria will contain four 5cm X 5cm plexiglass 
refuge plates.  Behavior (see table below) and mortality will be recorded every hour for the first 
8 hours and after 24 and 48 hours, 8 additional hourly observations will be made.  Six replicates 
of each pairwise design will be performed.  Results for each predator-prey pair will be analyzed 
with a Bonferroni adjusted William’s test as above. 
 
Behaviors measured 
Prey behaviors  Predator behaviors 
# active Activity 
# in each refuge # attacks/minute 
Position in tank # captures/minute 
# feeding Position in tank 
 

Treatments 
Organisms Pesticide 
Predator 3 concentrations
Prey 3 concentrations
Predator & Prey 3 concentrations
Caged predator & Prey 3 concentrations

Mesocosm study 
Rationale: This study will examine complex interactions in a multi-species community with 
several trophic levels.  With even just a few species in each level, there is the potential for a 
broad range of direct and indirect effects.  These indirect effects can be behaviorally mediated 
either through competitors (e.g. decrease in feeding rate of one tadpole allows a greater resource 
abundance for the other) or predators (e.g. increased attack rates reduces foraging in one tadpole 
significantly greater than the other).  All direct and indirect interactions can be altered by 
pesticides depending on relative susceptibilities of predators and prey and the resulting 
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behavioral modifications.  The goal of this experiment will be to examine pesticide impacts on 
community patterns in treatments that differ in the presence/absence of a single predator and a 
single pesticide.   
Predictions:  1) Pesticide susceptible prey will suffer higher predation rates and lower 
competitive ability relative to other species.  2) If true, this will result in positive effect of 
pesticides on less susceptible prey and a negative effect for vulnerable prey.   
Methods:  Twenty-four (1m diameter, 1m deep) tubs will be filled with natural substrate and a 
standardized abundance and diversity of algae and invertebrates (sensu Boone and Semlitsch 
2001).  Using results from the above pairwise interaction experiments, one pesticide (a single 
concentration), one predator, and two prey amphibian species will be selected.  The presence of 
pesticide and predator will be experimentally manipulated to determine effects of each singly 
and together.  Thirty tadpoles of each prey species will be introduced into six replicates.  Each 
tub will be observed for 20 minutes daily for behavioral observations on amphibian prey and 
their predators (see above table).  Other variables for both predators and prey will include 
number alive, feeding, and positions relative to one another.  Time to specific Gosner stages will 
also be recorded (front limb buds, rear limb buds, tail retraction) as a non-intrusive estimate for 
maturation rates.  Five 1cm and five 2cm diameter PVC tubes will be included for refuge.  Study 
will continue until all prey metamorphose or are consumed.  Metamorphs will be captured and 
raised to sexual maturity to look for developmental abnormalities.  Effects of predators and 
pesticide on all species within the mesocosms will be tested for using Bonferroni adjusted 2-way 
ANOVAs to compare behavioral assays, abundances, growth rates, and time to and size at 
metamorphosis (for amphibians). 
 
D.  Expected results 
Understanding how sub-lethal levels of pesticides influence predator-prey interactions is vitally 
important in deciphering the potential causes of regional amphibian declines.  Behavioral 
mechanisms are important in understanding ecological systems yet current EPA standards do not 
address these pathways but instead seek to explain field patterns using laboratory tests done in 
the absence of other important stressors.  The combination of behavioral and community ecology 
with toxicology will provide valuable insights.  Behavioral ecologists can use toxicants with 
known effects to better understand proximate mechanisms underlying effects of behaviors on 
populations and communities.  Studying effects of pollutants on predator-prey ecology is also 
becoming more important because anthropogenic impacts to the environment are so widespread 
that ecologists rarely encounter pristine reference sites.  Ecotoxicology also benefits from this 
interaction by better understanding the key traits and species interactions that mitigate the bridge 
between toxicants, physiology, and impacts on natural communities.  A divide currently exists 
between studies on the toxicological mechanisms of how contaminants act, and the ecological 
mechanisms underlying risk assessments that operate on regional scales.  A better understanding 
of individual behavior and interactions within a community provides a bridge between these two 
poles.  This is perhaps no more evident than in the problem of worldwide amphibian declines 
where several mechanisms have been discovered and tested, and yet declines are difficult to 
attribute at larger scales.  Since interactions are often complex there are likely pieces of the 
puzzle missing at this intermediate scale.  My proposed project should help to bridge this gap.   
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