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ABSTRACT

THE ROLE OF THE MIDLAND WATER SNAKE, NERODIA SIPEDON. AS A

COMPETITOR, PREDATOR, AND PREY IN FRESHWATER COMMUNITIES

by John G. Himes 

August 2002

I investigated the role o f the midland water snake fNerodia sipedon! as a 

competitor, predator, and prey in freshwater communities associated with the Pascagoula 

River system o f  southeastern Mississippi. Nerodia sipedon is very common and, as an 

upper-level predator, may play an important ecological role in these communities. 

Nerodia sipedon and the co-occurring diamondback water snake fNerodia rhombifer! 

were tested in a series o f  enclosures set at the edges o f  outdoor ponds and in the 

laboratory for evidence o f intra- and interspecific competition. Nerodia sipedon and the 

co-occurring cottonmouth (Agkistrodon piscivorus) were tested in the laboratory for 

evidence o f  predator-prey interactions. To determine dietary compositions (and thus 

obtain evidence on competition and predation), data on stomach contents were collected 

from museum specimens o f N. sipedon and A. piscivorus. The results o f the field 

experiments indicated that 1) intraspecific competition in adult N. sipedon may occur at 

high snake densities or low prey (fish) densities, 2) adult N. sipedon may be superior 

competitors to N. rhombifer at high snake densities, and 3) preferential cannibalism o f 

non-kin, neonatal N. sipedon by maternal snakes occurs in the absence o f alternative

l
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prey. The laboratory experiments indicated that 1) adult N. sipedon and N. rhombifer 

ultimately do not exhibit differences in digestion rates of fish, 2) the frequency o f 

utilization o f  different foraging modes (sit-and-wait versus active) does not differ 

between related and unrelated neonatal N. sipedon. 3) capture efficiencies and handling 

times o f frogs and fishes differ between neonatal and adult N. sipedon. 4) fishes do not 

alter their patterns o f microhabitat selection or activity in the presence o f adult N. 

sipedon. and S) neonatal and adult N. sipedon avoid areas containing odor trails o f  A. 

piscivorus. The study on dietary compositions o f  snakes from museum specimens 

indicated that niche breadth was greater in small snakes than in large snakes and that 

dietary overlap was relatively high between species (N. sipedon and A. piscivorus) and 

between size classes (< 50 cm and > 50 cm snout-vent length) within each species. 

Overall, the results o f  this project indicate that snakes, through their integrated roles as 

competitors, predators, and prey, may be major players in freshwater communities. 

Therefore, researchers that are interested in studying freshwater communities and the 

various biological interactions that take place within them would be well advised to 

consider the potential roles o f aquatic snakes.
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CHAPTER I 

INTRODUCTION 

Introduction to Biological Communities and Community Ecology

A biological community may be defined as all the . populations o f plants, 

animals, bacteria, and fungi that live in an environment and interact with one another, 

forming together a distinctive living system with its own composition, structure, 

environmental relations, development, and function” (Whitaker, 1970). Community 

ecology, therefore, is the study o f “assemblages of species interacting with one another, or 

at least sharing the same general resources, such as herbivores, parasites and microbial 

detritivores, all growing, reproducing and surviving in a locally ‘social’ and larger-scale 

environmental context” (Anderson and Kikkawa, 1986). Most communities comprise a 

high diversity o f organisms that interact in numerous and complex ways (May, 1984). 

Therefore, entire communities may be difficult or impossible to study in detail. However, 

for practical purposes, a community may be divided into groups o f  closely related taxa 

(e.g., birds, insects, plants) known as assemblages (Giller, 1984). In turn, members o f  an 

assemblage that utilize the same class o f resources in a functionally similar way and thus 

interact strongly with each other and weakly with the remainder o f  the community 

comprise a guild (Root, 1967; Giller, 1984). Assemblages and guilds are therefore more 

amenable to intensive study than are entire communities.

1
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A fundamental goal in ecology is to understand the factors that mediate the relative 

abundances, distributions, and coexistence o f species within communities. These factors 

include biotic interactions within and between species such as competition, predation, and 

parasitism (reviewed by Toft, 1985), as well as various abiotic factors that, in turn, may 

control biotic interactions (reviewed by Dunson and Travis, 1991). Moreover, within 

many communities, a combination o f factors are operating (e.g., Kotler and Holt, 1989; 

Sredl and Collins, 1992), each of which may play essential and often integrated roles in the 

community (Peckarsky, 1983; Toft, 1985; Dunson and Travis, 1991).

Grinnell (1917) first coined the term “niche” to describe the autecological 

association (as established through behavioral and morphological adaptations) o f the 

California thrasher (Toxostoma redivivum) with local environmental conditions.

However, Elton (1927) used the term to describe the functional role o f feeding habits, 

behavior, and habitat of a species at the community-level. Tansley (1935) coined the term 

“ecosystem” to include all the organisms comprising a community and the various physical 

factors (especially energy flow) affecting them. These works emphasized the importance 

o f trophic relationships (as expressed through food chains and food webs) and their 

relationship to energy flow between individuals in communities. In turn, this emphasis 

contributed immensely to our understanding o f the dynamic nature and species diversity o f 

communities and prompted other ecologists to determine the factors in addition to energy 

flow (e.g., biotic interactions such as competition and predation) responsible for 

maintaining and structuring communities.
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Origin and Historical Development o f Competition Theory

Numerous studies o f biological communities indicate that competition is often the 

dominant interaction occurring between different individuals o f the same species 

(intraspecific competition), as well as between species (interspecific competition) with 

similar ecological requirements, and may therefore be the major driving force o f  Darwin’s 

theory o f natural selection (Diamond, 1978). The objective of these studies has 

traditionally been to test for the presence o f  competition (Simberloff, 1982; Connell,

1983). However, approaches that are more contemporary also attempt to determine the 

evolutionary and ecological consequences o f  competition and the importance o f 

competition in communities (Schoener, 1983, 1986).

Darwin noted the struggle for existence among individuals o f  the same population 

and by different species o f closely related organisms occurring in the same area. However, 

not until the twentieth century was competition experimentally documented (albeit under 

controlled laboratory conditions), first in domesticated organisms such as cereals 

(Montgomery, 1912) and later in wild organisms such as plants (Tansley, 1917), fungi 

(Gause, 1934), and protozoans (Gause, 1934). Gause (1934) described an outcome o f 

interspecific competition in which the inferior competitor would ultimately be driven to 

local extinction in the absence o f refuges (a principle later termed “competitive exclusion” 

by Hardin [I960]). Based on his observations, Gause (1934) developed a model o f  

interspecific competition that assumed the number o f individuals o f a species in a 

community is influenced by the numbers o f  all other species present in the same 

community.
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Crombie (1945, 1946) and Park (1948), both o f whom studied insects, were 

among the first ecologists to document competition experimentally in animals. In 

addition, Lack (1945) concluded that ecological isolation o f two species o f coexisting 

birds was enforced through competition. However, competition was first synthesized into 

a theory by Hutchinson (1959) while attempting to explain why such a high species 

diversity of animals existed. Hutchinson (1959) stated that where different species are 

sympatric, their trophic apparatuses should differ in length by a mean ratio o f  1.28 (which 

indicated the amount of difference necessary to permit two species to achieve sympatry, 

while occupying different niches [thereby preventing interspecific competition]). This 

change in structure length was thought to have taken place through character 

displacement (sensu Brown and Wilson, 1956), which was a product o f the genetic and 

ecological interaction of two or more species shortly after becoming sympatric.

Hutchinson’s (1959) theory for the evolutionary and ecological outcomes of 

interspecific competition was an extension o f Gause’s (1934) inference that interspecific 

competition in the past causes divergence o f niches, which results in ecological differences 

in species o f present-day communities (Schoener, 1974). However, in the communities 

studied by Hutchinson (1959), the past effects o f competition were no longer present and 

thus could not be tested, a situation known as “the ghost o f competition past” (Connell, 

1980). Furthermore, because species differences occur for reasons other than competition 

(Schoener, 1974, 1982; Wiens, 1977), a null hypothesis for Hutchinson’s (1959) theory is 

required. However, a null hypothesis is lacking and thus falsification o f Hutchinson’s 

(1959) theory is difficult (Connor and Simberloff, 1979).
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Overview o f Predator-Prev Relationships

Predator-prey relationships may also play important roles in biological 

communities (Connell, 1975). In particular, predators may influence prey assemblages by 

moderating the intensity o f  competition among prey species and by limiting prey 

abundance (e.g., Connell, 1961; Persson, 1991; Persson and Eklov, 1995). When 

predators are numerous and highly successful at capturing prey, they may reduce prey 

populations below the carrying capacity (K) of the environment (e.g., Morin, 1983; Rodda 

and Fritts, 1992; Gamradt and Kats, 1996). Over the long term, predator populations tend 

to oscillate (in size and distribution) in conjunction with prey populations, as in the 

classical example o f the Canada lynx and its prey, the snowshoe hare (Hutchinson, 1975).

In all predator-prey relationships, the predator removes prey individuals and, in doing so, 

may prevent monopolization o f resources by one species (Paine, 1966). These resources 

therefore become available to other individuals or species (Giller, 1984).

Predators may moderate the intensity o f competition among prey species and limit 

prey abundances in several ways. In the presence o f predators (or their stimuli), prey tend 

to decrease their foraging time (e.g., Fraser and Gilliam, 1987), which may result in 

decreased correlates o f fitness (e.g., slower growth rates, smaller size at metamorphosis, 

lower reproductive potential, and lower survivorship) in the prey (e.g., Morin, 1983; SredI 

and Collins, 1992). The presence o f predators may cause prey species to select 

microhabitats in which the risk o f predation and the abundance of food are low (e.g., 

Caldwell et al., 1980; Gilliam and Fraser, 1987; Persson, 1991). Selection o f  specific 

microhabitats by the prey frequently results in a clumped distribution o f high-density prey 

populations (e.g., Petranka et al., 1994). The high density o f individuals may lead, in turn,
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to increased intraspeciflc competition and ultimately to decreased correlates o f fitness 

(e.g., Morin, 1983; Sredl and Collins, 1992). Thus, predators may influence prey 

assemblages either directly (through consumption o f  prey) or indirectly (presence o f 

predator leading to decreased fitness in prey).

After the predators in a community and their prey species have been identified, the 

role o f the former in the community can be more thoroughly understood by determining 

the factors that influence prey choice. Optimal foraging theory predicts that foragers will 

maximize their net energy gain (in terms o f caloric intake) by selectively feeding on prey 

that have the highest caloric profitability when such prey are abundant and by consuming 

less profitable prey only when more profitable prey are not abundant (Schoener, 1969;

Pyke et al., 1977). Caloric profitability o f prey may differ according to species (e.g.,

Jaeger and Barnard, 1981; Jaeger et al., 199S) or size o f individuals (e.g., Jaeger and 

Rubin, 1982), but may also be determined by assimilation efficiency and digestion rate of 

the predator and by the amount of energy expended by the predator in pursuing and 

handling the prey (Jaeger and Barnard, 1981).

To locate prey, some predator taxa employ one o f two generalized modes o f 

foraging behavior; sit-and-wait or active foraging. The former mode results in less energy 

expenditure, but lower energy intake, than does the latter (e.g., Secor and Nagy, 1994; 

Secor, 1995). However, many species employ both modes, exhibiting ontogenetic or 

facultative shifts between sit-and-wait and active foraging strategies. For those predators 

that can switch back and forth, the foraging mode exhibited in any situation may be 

determined by several potential factors, including prey density, prey species, predator 

feeding latency, habitat complexity, and environmental temperature (Hespenheide, 1975;
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Helfman, 1990). Thus, the same individual may switch foraging modes as necessary to 

maximize the probability o f securing prey o f the highest caloric profitability (e.g., Balent 

and Andreadis, 1998).

Size and gender o f predators may be important factors that influence predator-prey 

relationships because prey choice and foraging behavior are often size- and occasionally 

sex-dependent (Hespenheide, 1975). Thus, the role o f a predator in communities can be 

better understood after prey choice and foraging behavior o f juveniles, adult males, and 

adult females have been determined. Size may be particularly important when predators 

attain high densities and are restricted to a limited area. In these situations, cannibalism (= 

intraspecific predation) may occur and be a limiting factor to the predator’s abundance 

(e.g., Degani et al., 1980; Pfennig et al., 1994). However, by exhibiting kin recognition 

(the ability to recognize relatives [Waldman, 1991]), predators can favor the survival o f 

their own kin (by preferentially consuming non-kin) and thus enhance their inclusive 

fitness (Hamilton, 1964).

The Utility o f the Mechanistic Approach to Understanding Communitv-Level Interactions

Up to the mid-1970’s, nearly all studies o f  community-level interactions (e.g., 

competition and predation) took a nonmechanistic, phenomenological approach that 

involved large-scale experimental manipulations o f the abundances o f  individuals or 

species and sometimes manipulating the effects o f competition and predation (Schoener,

1983, 1986). Because phenomenological studies often involve large samples, this 

approach affords high statistical power (Gravetter and Wailnau, 1996). Moreover, this 

approach may confirm the presence of competition and predation (Schoener, 1986). 

However, the phenomenological approach does not test for the mechanisms of
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competition and predation. Therefore, the evolutionary and ecological impacts o f these 

mechanisms on individuals or species as competitors, predators, or prey cannot be readily 

determined (Schoener, 1983; Scott, 1990).

By contrast, contemporary mechanistic approaches, “those which employ 

individual-ecological concepts -  those o f  behavioral ecology, physiological ecology, and 

ecomorphology -  as theoretical bases for understanding community patterns” (Schoener, 

1986) both confirm the presence of competition and predation and provide insights into 

the effects o f  these interactions on the role o f competitors and predators in communities 

(Schoener, 1986; Tilman, 1987). Therefore, I shall discuss the utility o f  the mechanistic 

approach to understanding the importance of competition and predation at the 

community-level.

Competition

The occurrence o f competition in biological communities is based on the premise 

that the distribution and abundance o f vital resources such as food, space, and shelter may 

determine the species composition o f a community. According to competition theory, 

vital resources that are shared by more than one species and are limited in availability or 

limiting to population growth may be differentially used (partitioned) within and among 

species, resulting in coexistence (e.g., Lack, 1945; Rand and Humphrey, 1968; Pianka, 

1974). However, when coexisting conspecifics or heterospecifics do not partition vital 

resources, competition may lead to changes in relative species abundances and, in extreme 

cases, to competitive exclusion of the inferior competitor(s) (e.g., Jaeger, 1971; Means, 

1975; Kaplan, 1977).
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For all heterotrophic organisms, food is a vital resource that may be shared and 

limited or limiting. When interspecific competition for food is stronger than intraspecific 

competition, the evolutionary outcome may be the coexistence o f different species through 

partitioning o f food resources and the corresponding evolution o f specific food habits 

(e.g., Fitch, 1982; Moll, 1990; James, 1991). Alternatively, if food partitioning does not 

occur, then the competitively superior species may exclude the inferior competitor from 

the community. By contrast, when intraspecific competition is stronger than interspecific 

competition, species coexistence is achieved without the need for dietary specialization 

between species, although different individuals o f the same species may then have specific 

food habits (Schoener, 1977, 1982).

In addition to food partitioning, another way of reducing interspecific competition 

is by selecting different microhabitats (e.g., Hillman, 1969; Williams, 1983; Vitt and Avila- 

Pires, 1998). Obviously, inhabitance o f different microhabitats by different species will 

result in lower densities o f potential interspecific competitors. Therefore, each species will 

have access to more food. Moreover, when food is not limited, coexisting species may 

also have different activity patterns (e.g., Schoener, 1974; Moore, 1978; Rand and Myers, 

1990) and thus obtain food at different times o f day.

One o f the mechanisms o f competition is that o f exploitation, where certain 

individuals or species more effectively utilize vital resources than does a competitor 

(Miller, 1967). The superior competitor may then convert these resources into population 

growth more efficiently than does the inferior competitor (e.g., Morin, 1983; Walls and 

Jaeger, 1987; Petren and Case, 1996). For example, exploitation for food may occur 

through differences in consumption and digestion rates, allowing the faster individuals or
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species to consume a larger quantity o f  prey over time compared to a competitor. The 

ecological outcome of exploitation is enhanced correlates o f fitness (e.g., faster growth 

rates, greater reproductive potential, and higher survivorship) in the superior competitor 

(e.g., Morin, 1986; Gustafsson, 1987; Griffiths et al., 1991).

The extent to which vital resources are limited or limiting may be largely 

determined by the density o f potential competitors. Numerous phenomenological studies, 

especially on amphibians (e.g., Semlitsch and Caldwell, 1982; Scott, 1994; Taylor and 

Scott, 1997), indicate that behavior, growth, reproductive output, and survivorship may 

differ markedly between individuals maintained at low and high densities: when 

individuals occur at high densities, competition may regulate the demographics o f the 

population. Such density-dependent population regulation is particularly important at the 

intraspecific level because individuals o f  the same species are more likely to require the 

same vital resources than are individuals o f  different species (e.g., Anholt, 1990; Feminella 

and Resh, 1990; Smith, 1990). Therefore, the determination o f density-dependent factors 

provides additional information on the role o f  competition in populations, as well as in 

communities.

Predation

Predation is a community-level interaction that frequently operates simultaneously 

with competition (Kotler and Holt, 1989) and may even be more important than 

competition in biological communities (Connell, 1975). In fact, intraguild predation, in 

which potential competitors eat each other, may be the major factor structuring some 

communities (Polis et al., 1989; Polis and Holt, 1992). Although predators may decrease 

community diversity by removing certain prey taxa, diversity may also be increased by the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11

consequential release o f resources that become available to other species, thereby reducing 

the intensity o f competition between prey (Giller, 1984). However, although predators 

may decrease prey density, the remaining prey individuals may, in the absence o f intense 

competition, increase their activity and reproduction, thereby leading to increased resource 

use (Giller, 1984). Thus, the role o f predation in communities is variable.

One o f the most important mechanisms o f predation is prey choice. Assuming that 

predators selectively feed on prey that have the highest caloric profitability, as predicted 

by the optimal foraging theory (Schoener, 1969; Pyke et al., 1977), the more profitable 

prey individuals or species may become uncommon relative to less profitable prey, unless 

the former prey have evolved effective antipredator mechanisms. Indeed, antipredator 

mechanisms are numerous and diverse, as evidenced by differences in prey behavior (e.g., 

fleeing versus aggression against a predator upon being detected [Brodie, 1989]), activity 

(e.g., decreased activity versus sustained activity in the presence o f predators [Fraser and 

Gilliam, 1987]), and habitat selection (e.g., selection o f complex versus simple 

microhabitats [Persson, 1991; Persson and Eklov, 1995]). Thus, effective antipredator 

mechanisms act to decrease the profitability o f  the prey, particularly by increasing the 

searching or handling time required by the predator (Alcock, 1998).

Mechanisms o f predation may depend on the size of the predators and their prey 

(Hespenheide, 1975). Prey preferences are subject to ontogenetic, size-related changes in 

most species o f predators (e.g., Godley, 1980) and in some taxa (e.g., turtles o f the family 

Fmydidae [Ernst and Barbour, 1989]), a shift from herbivory to camivory takes place as 

animals attain maturity. Ontogenetic changes may result in the consumption by predators 

o f larger individuals o f  the same prey species or o f a different prey species entirely
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(Hespenheide, 1975). Moreover, these changes may also be sex-dependent (e.g., female 

map turtles [Graptemvs spp ] generally switch from an insectivorous to a molluscivorous 

diet as they attain maturity, whereas maturing males retain their insectivorous diet [Ernst 

e tal., 1994]).

Predator size and genetic relatedness may be important factors that influence 

mechanisms o f predation in species known to be cannibalistic. In most cannibalistic 

species, cannibalism is directed towards smaller conspecifics and those that are unrelated 

to the cannibalistic individuals (e.g., Degani et al., 1980; Pfennig et al., 1994; Petranka and 

Thomas, 1995), although kinship-biased cannibalism occurs in larval marbled salamanders, 

Ambvstoma opacum (Walls and Blaustein, 1995). Cannibalism most often occurs when 

space and food are limited and thus is less likely to occur in predators that occur in low 

densities (Fox, 1975; Polis, 1981). Thus, cannibalism is a unique form of predation that 

may moderate the intensity o f intraspecific competition, limit the abundance o f the 

cannibal, and alter the age class structure of the cannibal (Crump, 1983).

Mechanisms of predation also include the foraging mode. Sit-and-wait foragers 

tend to consume a low quantity (by mass) of large, mobile prey, whereas active foragers 

consume a high quantity o f small, sedentary prey (Huey and Pianka, 1981). Because sit- 

and-wait foragers expend less energy and have a lower overall energy intake than do 

active foragers (e.g., Secor and Nagy, 1994; Secor, 1995), the former foragers tend to 

spend more time foraging than do the latter (Huey and Pianka, 1981). In addition, 

because sit-and-wait foragers (particularly ectotherms) tend to maintain lower body 

temperatures while foraging than do active foragers (Huey and Pianka, 1981), they may be 

surface-active at cooler environmental temperatures, which may result in sit-and-wait and
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active foragers primarily exhibiting nocturnal and diurnal activity patterns, respectively 

(e.g., Secor, 1995).
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CHAPTER II

REVIEW OF STUDIES ON FRESHWATER COMMUNITIES 

Studies o f Competition and Predation in Freshwater Communities

Most freshwater communities exhibit high biotic diversity that, in turn, potentially 

leads to a large number o f predator-prey relationships and intra- and interspecific 

competitive interactions. Thus, it is not surprising that competition has been documented 

in a wide variety o f  taxa that inhabit freshwater, including cladocerans and rotifers (e.g., 

Maclsaac and Gilbert, 1991), insects (e.g., Morin et al., 1988; Anhoit, 1990), fishes (e.g., 

Keen, 1982; Persson and Eklov, 1995), and especially larval amphibians (salamanders 

[e.g., Wilbur, 1972; Walls and Jaeger, 1987; Smith, 1990] and anurans [e.g., Wilbur, 

1982; Morin, 1987; Griffiths, 1991]). Moreover, numerous studies o f  predator-prey 

relationships have been conducted among taxa that inhabit freshwater, including larval 

amphibians (e.g., Morin, 1983; Sredl and Collins, 1992; Gustafson, 1993).

Studies o f  Snakes in Freshwater Communities: Introduction

Relative to most organisms, the role o f snakes in freshwater communities has been 

little-studied. The few studies conducted on aquatic snakes have focused on the 

comparative ecology o f coexisting species. Moreover, I am not aware o f  any studies in 

which the primary objective was to determine the role of snakes as potential intra- and 

interspecific competitors, predators, and prey in freshwater communities. Thus, studies 

that use the mechanistic approach to confirm the presence of competition and predation in
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snake assemblages are sorely needed to augment our knowledge o f the role o f snakes in 

freshwater communities.

Nonetheless, some community-level ecological studies on activity patterns, dietary 

preferences, habitat selection, and abundances o f aquatic snakes have been conducted, 

primarily in the southeastern and south-central United States (summarized below in 

chronological order). These baseline data indicate that freshwater assemblages o f snakes 

often consist o f several species and that snakes frequently are abundant top predators in 

freshwater communities. Thus, snakes are probably important components o f freshwater 

communities due to their roles as top predators and as potential intra- and interspecific 

competitors.

Studies o f Snakes in Freshwater Communities: Clark (1949)

Snakes were collected from wetlands during the day and night in north-central 

Louisiana, killed, and their stomachs slit to  obtain food items. The most frequent stomach 

contents o f Nerodia ervthrogaster were fishes, and fishes and frogs in Nerodia fasciata. 

Nerodia rhombifer. Regina rigida. and Agkistrodon piscivorus (the latter snake was the 

only species to have consumed other snakes [N. fasciata]). Stomach contents consisted 

entirely o f large salamanders (Amphiuma) in Farancia abacura and of fishes in Nerodia 

cvclopion and Regina erahamii. The few data available on activity patterns indicated that 

F. abacura. N. cvclopion. N. ervthrogaster and R. grahamii were most active at night.

All individuals of N. cvclopion and most o f N. rhombifer were found in ponds. 

Nerodia ervthrogaster was most frequently found in ponds, running streams, and sloughs 

and N. fasciata in ponds, running streams, and backwaters. Farancia abacura was most 

frequently found in marshes and along small streams. Agkistrodon piscivorus was most
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frequently found in swamps, bayous, backwater pools, and running streams. Within their 

respective habitats, all individuals of N. cvclopion were found amid submerged vegetation, 

most o f N. fasciata and N. rhombifer were under driftwood or on logjams, and most o f  F. 

abacura were under old logs or in burrows.

Studies o f  Snakes in Freshwater Communities. Piener (1957)

A comparative study of N. ervthrogaster. N. rhombifer. and Nerodia sipedon was 

made in southwestern Kansas. Nerodia ervthrogaster and N. sipedon consumed primarily 

frogs and fishes, respectively. Nerodia ervthrogaster was found more often in and near the 

slow-moving water o f  creeks and isolated pools. Nerodia rhombifer and N. sipedon 

frequented the flowing water of creeks, and the former species was found more often in 

and near deep water than the latter. Nerodia ervthrogaster first became active in March, 

when it was most often observed during the day. During midsummer, most activity by N. 

ervthrogaster took place at night. During late autumn, these snakes were again most often 

observed during the day. Nerodia rhombifer and N. sipedon exhibited similar seasonal 

activity patterns to those of N. ervthrogaster. except that N. sipedon was more active in 

the early evening and less active after midnight.

Studies o f Snakes in Freshwater Communities: Preston (1970)

Nerodia ervthrogaster and N. rhombifer were collected by boat and by hand along 

lakes in central Oklahoma, both by day and night. The former species consumed primarily 

frogs and the latter consumed primarily fishes. The former species was more often found 

under terrestrial cover objects (boards, logs, rocks, dead leaves, and litter), whereas the 

latter was more often found in or near water and on trees overhanging the water. Both 

species were active from early April to late October and tended to be more diurnal during
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the spring than during the summer. Overall, N. ervthrogaster had more diurnal habits and 

was more inclined to wander overland than was N. rhombifer.

Studies o f Snakes in Freshwater Communities: Mushinskv and Hebrard (1977)

Snakes were collected during the day from November through March and at night 

from April through October along the shorelines o f  two swamp waterways in the 

Atchafalaya River Basin o f southern Louisiana. Each snake was examined for stomach 

contents by palping. The most frequent stomach contents were fishes in N. cvclopion. N. 

fasciata. and N. rhombifer. and frogs in N. ervthrogaster. Stomach contents from R. 

grahamii consisted entirely o f crayfishes.

Studies o f Snakes in Freshwater Communities: Kofron (1978)

Snakes were collected during the day and night throughout the Atchafalaya River 

Basin. Each snake was examined for stomach contents by palping. The most frequent 

stomach contents were fishes in N. cvclopion and N. rhombifer. fishes and frogs in N. 

fasciata. frogs in N. ervthrogaster. and crayfishes in R. grahamii and R. rigida. Stomach 

contents were more varied in A. piscivorus and included fishes, frogs, heterospecific 

snakes (N. fasciata. N. rhombifer. and R. rigida). and mammals.

Nerodia cvclopion and N. rhombifer were most frequently found in canals and tidal 

ditches. However, substantial numbers o f  each o f these species were found in flooded 

grasses, swamp-bottomland forests, freshwater marshes, flooded fields, and flooded 

bottomland forests. Nerodia fasciata. R. grahamii. and R. rigida were most frequently 

found in flooded grasses. Nerodia ervthrogaster and especially A. piscivorus were most 

frequently found in bottomland forests.
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Studies o f Snakes in Freshwater Communities: Hebrard and Mushinsky (1978)

Microhabitats were recorded from which snakes were collected in the Atchafalaya 

River Basin. Over a 12-month period, N. cvclopion. N. ervthrogaster. and N. rhombifer 

were most frequently found lying in the water and N. fasciata and R. grahamii were most 

frequently found lying on emergent objects. When on land, N. cvclopion and N. rhombifer 

were most frequently found on sparsely vegetated shorelines with gentle slopes, N. 

ervthrogaster was on sparsely vegetated shorelines (no apparent selection for slope), and 

R. grahamii was on patchily vegetated shorelines with gentle slopes. Nerodia fasciata was 

not found to select shorelines according to vegetation density nor slope.

Studies o f Snakes in Freshwater Communities: Mushinskv et al. (1980)

Additional microhabitat data were recorded from the same assemblage o f snakes 

studied by Hebrard and Mushinsky (1978). Nerodia cvclopion was found predominantly 

in trees overhanging the water from November through March, whereas N. rhombifer was 

found in similar situations, but from April through October. Approximately 60% of the 

individuals o f N. fasciata observed were found in trees overhanging the water, with no 

significant monthly variation. Throughout the year, N. ervthrogaster and R. grahamii were 

found predominantly in the water and in trees overhanging the water, respectively.

Nerodia cvclopion was the only species o f snake studied that was active during all 

months o f the year. From November through March, it was most active during the day, 

whereas it was most active at night from April through October. All other species of 

snakes studied (N. ervthrogaster. N. fasciata. N. rhombifer. and R. grahamii) had similar 

activity patterns to N. cvclopion (except that they were inactive from December through 

February). However, N. fasciata became nocturnal 1-2 months after its congeners.
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Studies o f Snakes in Freshwater Communities: Mushinsky et al. (1982)

Diets were examined from the same assemblage o f snakes studied by Mushinsky 

and Hebrard (1977). Small individuals o f N. ervthrogaster and N. fasciata fed primarily on 

fishes and shifted to a diet o f frogs after exceeding a snout-vent length (from tip o f  snout 

to base o f tail) o f  50 cm.
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CHAPTER III

OVERVIEW OF THE BIOLOGICAL SYSTEM AND RESEARCH PROJECT 

Nerodia sipedon. Nerodia rhombifer. and Agkistrodon piscivorus as Potential 

Competitors. Predators, and Prev in Freshwater Communities

Three of the most abundant species o f snakes in freshwater communities o f the 

southeastern United States are the midland water snake (Nerodia sipedon). diamondback 

water snake (Nerodia rhombifer). and cottonmouth (Agkistrodon piscivorus). These 

species have broadly overlapping distributions (Conant and Collins, 1998), their diets 

consist primarily o f fishes (Diener, 1957; Laughlin, 1959; Burkett, 1966), they are 

primarily nocturnal during the summer and diurnal during the spring and fall (Diener,

1957; Burkett, 1966; Mushinsky et al., 1980), and they frequently occur in microsympatry 

(pers. obs ). Because these species are upper-level predators that have similar habits and 

may occupy the same areas, their coexistence and relative abundances are potentially 

influenced by intra- or interspecific competition for the same vital resources and by 

predator-prey interactions.

Therefore, I studied the potential for intra- and interspecific competition and 

predation in assemblages o f  snakes consisting o f N. sipedon and N. rhombifer and o f  N. 

sipedon and A. piscivorus in the Pascagoula River system o f southeastern Mississippi.

This study is germane to community ecology, competition theory, and predator-prey 

relationships because, through field and laboratory experimentation, it tests for the
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potential o f intra- and interspecific competition and predation, both o f which may mediate 

the coexistence and relative abundances o f snakes. Moreover, this study is the first to 

compare assemblages consisting o f N. sipedon and N. rhombifer and o f N. sipedon and A. 

piscivorus.

Significance of Research and Objectives

Competitor and predator-prey relationships are important mediators o f the relative 

abundances, distributions, and coexistence o f living organisms within biological 

communities. Thus, studies that focus, in turn, on potential mediators o f relationships 

among competitors (e.g., the effect o f competition on growth rates at different densities o f  

prey and predators) and between predators and prey (e.g., prey choice, foraging behavior, 

the effect o f  predation on microhabitat usage and activity patterns o f prey) may provide 

valuable insight into how communities are structured and maintained. Considering the 

relative paucity of such studies on snakes, my research contributes to a better 

understanding of the significance o f  snakes as potential competitors, predators, and prey in 

freshwater communities.

More specifically, I studied the role o f 1) intraspecific competition in influencing 

growth rates among N. sipedon. 2) interspecific competition in assemblages o f snakes 

consisting o f  N. sipedon and N. rhombifer. 3) N. sipedon as a predator in freshwater 

communities, and 4) interspecific competition and predation in assemblages o f snakes 

consisting o f N. sipedon and A. piscivorus. The emphasis o f  this study was on N. sipedon 

due to its higher abundance than N. rhombifer and A. piscivorus.

In the field, I tested the potential for 1) intraspecific competition among adult N. 

sipedon when food was limited due to high snake densities, 2) intraspecific competition
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among adult N. sipedon when food was limited due to low prey densities, 3) interspecific 

competition between adult N. sipedon and N. rhombifer when food was limited due to 

high snake densities, and 4) cannibalism o f  neonatal N. sipedon by adults when food was 

limited due to low densities o f “normal” prey (e.g., fishes).

In the laboratory, I tested 1) the potential for interspecific exploitation between 

adult N. sipedon and N. rhombifer by comparing rates o f gastric breakdown, 2) the 

potential role o f neonatal and adult N. sipedon as predators on different prey taxa (fishes 

and frogs) by examining foraging behaviors and modes o f snakes, 3) variation in foraging 

mode between related and unrelated neonatal N. sipedon by comparing foraging between 

different litters o f snakes, 4) the potential role o f  adult N. sipedon in determining 

microhabitat selection and activity patterns o f  prey fishes, and 5) antipredatory behavior o f 

N. sipedon by testing the response o f snakes to olfactory cues from the ophiophagous A. 

piscivorus.

In addition, I dissected museum specimens o f A. piscivorus and N. sipedon to 

remove and identify stomach contents to determine dietary compositions (including 

breadth within, and overlap between, the diets o f  the different species and size classes o f 

snakes). These data enabled me to better determine the potential role o f  A. piscivorus as a 

competitor for food and/or predator o f N. sipedon. as well as to determine whether food 

habits o f  either species were subject to ontogenetic changes.
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CHAPTER IV 

OVERVIEW OF METHODOLOGY

Because the secretive habits o f most snakes render them difficult to observe for 

extended periods (Turner, 1977; Parker and Plummer, 1987), few studies of competition 

and predation in free-ranging snakes have been conducted in the field. Field studies are 

more easily conducted and the results are more quantifiable, when study subjects are 

tested in outdoor enclosures and various correlates o f  fitness can be accurately measured, 

as has been done with lizards (e.g., Smith and Zucker, 1997; Tiebout and Anderson, 2001; 

Weiss, 2001).

In contrast, the resources for which study subjects may be competing, as well as 

various foraging attributes o f the predator and the antipredatory behaviors of the prey, can 

often be more readily tested and determined under controlled laboratory conditions, as has 

been done with salamanders (e.g., Wrobel et al., 1980; Wilbur, 1982; Walls, 1990). Such 

an approach is advantageous because replicate treatments and undisturbed controls can be 

set up at the same time (Connell, 1972). Thus, I conducted a combination of 

complementary field and laboratory experiments with the intent that such an integrative 

approach would enhance my ability to achieve my objectives.

For research in which large samples were needed, but living organisms were not 

required, the scientific collections maintained by museums and universities were an ideal 

source for study subjects. Indeed, much o f what is known about the morphological
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variation, feeding ecology, and reproductive patterns o f reptiles, including snakes, has 

been obtained by the examination o f specimens maintained at scientific collections (e.g., 

Shine, 1980, 1984; Taylor, 2001). Thus, to accomplish my objective o f  determining the 

dietary composition o f A. piscivorus and N. sipedon. I removed and identified prey items 

from snakes that I dissected from collections at Louisiana State University (Baton Rouge), 

the Mississippi Museum of Natural Science (Jackson), Tulane University (New Orleans, 

Louisiana), the University o f Alabama (Tuscaloosa), and the University o f  South Alabama 

(Mobile).
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CHAPTER V

THE ROLE OF NERODIA SIPEDON AS AN INTRASPECIFIC COMPETITOR 

AND AS AN INTERSPECIFIC COMPETITOR WITH NERODIA RHOMBIFER 

Introduction

Along the lower Bouie River and adjacent Leaf River o f southeastern Mississippi, 

N. sipedon is approximately five times more abundant than is N. rhombifer (pers. obs.). 

Both N. sipedon and N. rhombifer are primarily piscivorus (Preston, 1970; Meyer, 1992) 

and frequently occur in sympatry in this area (pers. obs ). However, N. sipedon appears to 

be more abundant than N. rhombifer: my survey for Nerodia spp. during September 13-17 

and 20-24 (1999) at five sites along the lower Bouie River and adjacent Leaf River 

resulted in the observation o f 42 and 10 individuals o f N. sipedon and N. rhombifer. 

respectively. The far greater abundance o f  N. sipedon in this area may imply that it has a 

competitive advantage over N. rhombifer in peripheral areas. Moreover, N. rhombifer is 

most often associated with larger water bodies (Preston, 1970; Kofron, 1978) and is not 

as inclined to wander overland as is N. sipedon (Preston, 1970; Tiebout and Cary, 1987). 

Therefore, N. rhombifer may not be as capable o f  colonizing areas or sustaining 

populations in non-permanent water-bodies as is N. sipedon.

According to the principles o f competition theory, when predators (e.g., snakes) 

occur at high densities and/or food is limited, intraspecific competition among predators 

for food should be more intense than when predators occur at low densities and/or food is
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not limited. Again, before concluding that competition is potentially a major factor, one 

must first determine whether the snakes share vital resources that are limited. If 

competition (either intra- or interspecific) is taking place, then one may proceed in an 

attempt to determine the mechanism (exploitation versus interference) by which it occurs. 

If exploitation occurs, snakes will reduce the resource levels available to competitors. By 

comparison, if interference occurs, snakes will physically exclude (or use chemicals as 

deterrents) competitors from areas containing vital resources (Begon et al., 1990).

I tested four hypotheses regarding the role o f N. sipedon as a competitor: 1) when 

N. sipedon occurs at high densities, growth rates are lower than when snakes occur at low 

densities, 2) when prey occurs at high densities, growth rates o f N. sipedon are higher than 

when prey occurs at low densities, 3) growth in N. sipedon and N. rhombifer is potentially 

mediated by superior competition for food by the former species, and 4) coexistence o f  N. 

sipedon and N. rhombifer is potentially mediated by exploitation through differences in 

rates o f gastric breakdown.

Materials and Methods

For all experiments testing the role o f  N. sipedon as a competitor, I used adult 

male snakes that were collected from tributaries o f  the Bouie River and adjacent portion 

o f the Leaf River in Jones and Forrest Counties, Mississippi. Field experiments were 

conducted on privately owned land in Jones County, Mississippi, where snakes were 

tested in enclosures (1.22 x 1.22 x 0.91 m) constructed o f a wooden frame and removable 

lid and fiberglass screen walls. Enclosures were placed half on land/half in water at the 

edges o f a series o f  ponds to simulate the natural water-edge habitat of Nerodia.
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Enclosures were arranged according to a randomized block design (each pond represented 

a block) and snakes were placed in each of the enclosures in random order.

For all field experiments, I recorded the snout-vent and total lengths (to the nearest 

cm) and the mass (g) o f each snake the day before (May 31) and after (September 1) 

testing to determine changes in mass. 1 considered mass to be a correlate of fitness, which 

allowed me to determine whether intra- and/or interspecific competition may have 

potentially taken place. The testing variable was change in mass (g) o f  snakes from May 

31 - September 1. Different individuals o f snakes were used for each replicate. For 

treatments involving two individuals o f  the same species, I sketched the unique ventral 

pattern o f dark markings o f each snake to enable me to distinguish individuals. For 

treatments involving two individuals, regardless o f species, 1 placed together individuals o f 

comparable snout-vent length (< S-cm difference) and mass (< 20-g difference) to remove 

size bias and to minimize the potential for predation among individuals.

To test the potential for intraspecific competition among N. sipedon. 1 measured 

the growth rates o f similarly sized snakes through experimental manipulation of snake and 

prey densities. I collected 35 snakes during May 2000. For 14 weeks (June - August 

2000), 1 tested snakes in the enclosures and had three treatments: 1) one snake per 

enclosure and five juvenile spotted bass (Micropterus punctulatus) added as prey, 2) two 

snakes per enclosure and five juvenile M- punctulatus added as prey, and 3) two snakes 

per enclosure and 10 juvenile M punctulatus added as prey. For each treatment, prey 

were added into the water section o f each enclosure once a week. The first and third 

treatments were replicated five times each and the second treatment was replicated ten 

times for a total o f  20 tests. For treatments involving two individuals within the same
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enclosure, data were collected only from the individual that was randomly selected prior to 

testing (= “focal” snake). Data were analyzed (with a  set at 0.05) with a one-way 

ANOVA and a Tukey’s HSD test (post hoc to ANOVA).

To test the potential for interspecific competition between N. sipedon and N. 

rhombifer. I measured the effect o f  competition on growth o f similarly sized snakes 

through experimental manipulation o f intraspecific and interspecific snake densities. I 

collected 12 individuals o f each species of snake during May 1999. For 14 weeks (June - 

August 1999), I tested snakes in the enclosures and had five treatments: 1) one N. 

sipedon per enclosure, 2) one N. rhombifer. 3) one N. sipedon and one N. rhombifer 

together, 4) two N. sipedon together, and 5) two N. rhombifer together. Five juvenile M. 

punctulatus per snake were added as prey into the water section of each enclosure once a 

week. Each treatment was replicated three times for a total o f 15 tests. Focal snakes 

were not recognized due to the low number o f replicates. Data were analyzed (with a  set 

at 0.05) with a 2 x 3 ANOVA (species x treatment).

To test the potential for exploitation as a mechanism of competition between N. 

sipedon and N. rhombifer. I measured differential rates o f gastric breakdown between 

species o f snakes. I collected five N. sipedon and five N. rhombifer during September 

1998 and maintained them alone in plastic containers (59.1 x 43.2 x 15.2 cm and 41.9 x 

29.2 x 15.2 cm for housing larger and smaller snakes, respectively). The overall 

difference in mean snout-vent length (SVL) between N. sipedon and N. rhombifer was < 1 

cm. Snakes were maintained at room temperature (20 C ± 2 C), provided with fresh 

water daily, and fed ad libitum on goldfish (Carassius auratus) prior to testing. Snakes
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were not fed within two days o f testing to ensure that their stomachs did not contain any 

remains o f  a prior meal.

To begin testing for exploitation, each snake was fed a goldfish (all fish were 

within 1 cm [total length] and 0.2 g o f each other to minimize variability in surface area to 

volume ratio) and examined three times (one time per test): six, 12, and 18 hours after 

ingestion, when snakes were palpated to obtain the goldfish regurgitant (with a 48-hour 

recovery period between feedings/tests), resulting in five replicates per species o f snake 

for each 6-hour test period and a total o f 30 tests (3 treatments [= hours o f palpation] x S 

replicates x 2 species). The order o f  testing snakes under each treatment was randomized. 

The regurgitants were dried (to remove moisture content) and ashed (to remove organic 

matter) sensu Paine (1971) to determine their ash-free dry mass (AFDM [= dried mass -  

ash mass]).

Twenty goldfish not used in the feeding trials o f the exploitation experiment were 

weighed (to determine their wet mass [WM]) and measured, then dried and ashed to 

determine their AFDM. I produced a regression of the resulting AFDMs and WMs o f the 

non-experimenta! goldfish; the slope o f  the regression line (AFDM = -0.004018 + 0.154 

WM; r2 = 0.6406; P < 0.001) enabled me to calculate the initial AFDM (= mass before 

digestion) o f the experimental goldfish. By subtracting the AFDM regurgjum (= mass after 

digestion) from the AFDMbuiiai, I calculated the AFDM o f the digested experimental 

goldfish, which was used as an indicator o f  the rate o f gastric breakdown o f snakes. Data 

were analyzed (with a  set at 0.05) with a two factor repeated-measures ANOVA (time x 

species) and a Tukey’s LSD test (post hoc to ANOVA).
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Results

The experiment on intraspecific competition indicated that growth rates o f snakes 

were significantly different between the three treatments (F(2.i7) = 69.34, P < 0.001; Figure 

1). Growth rates did not significantly differ between snakes that were maintained at low 

densities (1 snake per enclosure) and offered five fish per week and snakes that were 

maintained at high densities (2 snakes per enclosure) and offered 10 fish per week (Figure 

1). However, growth rates were significantly higher in snakes that were maintained at 

high densities and offered 10 fish per week than in snakes that were maintained at high 

densities and offered five fish per week (q(i.i3) = 3.06, P < 0.001; Figure 1). In addition, 

growth rates were significantly higher in snakes that were maintained at low densities and 

offered five fish per week than in snakes that were maintained at high densities and offered 

five fish per week (qd.ui = 3.06, P < 0.001; Figure 1).
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1 s /5 f  2 s /5 f  2 s /1 0 f

No. Snakes I No. Fish

Figure I Mean (± l SE) mass gain in Nerodia sipedon maintained at low ( I

snake /  enclosure) and high (2 snakes / enclosure) densities and 

offered prey at low (5 juvenile Micropterus punctulatus / enclosure 

/  week) and high (10 juvenile Micropterus punctulatus / enclosure / 

week) densities, f  = fish; s = snake

The experiment on interspecific competition indicated that the species effect was 

not significant (Figure 2). However, snakes o f  both species that were tested under low- 

density treatments had significantly higher growth rates than did snakes tested under high- 

density treatments (treatment F(2.i8) = 80.54, P < 0.001; Figure 2). Moreover, the species 

x treatment interaction effect was significant (species x treatment F<2,i8) = 12.34, P = 

0.001; Figure 2).
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N.S. N.r. 2N.S. 2N.r. IN .s . lN .r .
alone alone (w/1 (w/1

N. r.) N.s.)

Treatment

Figure 2 Mean (± 1 SE) mass gain in Nerodia sipedon (N. s.) and Nerodia

rhombifer (N. r.) maintained at low densities (1 snake/enclosure) 

and high intra- and interspecific densities (2 snakes/enclosure).

The experiment on exploitation indicated that, for snakes o f both species, 

AFDMdjgcatcd meal (and thus the rate o f gastric breakdown) was significantly higher at 18 

hours than at 12 hours after ingestion, and was significantly higher at 12 hours than at six 

hours (time F(2j)  = 135.36, P < 0.001; Figure 3). Nerodia sipedon had significantly faster 

gastric breakdown rates than did N. rhombifer (species F(i,g) = 8.51, P = 0.02; Figure 3), 

although the difference was significant only at 12 hours after ingestion (q(i,g) = 3.26, P = 

0.002; Figure 3). The time x species interaction effect was also significant (time x species 

F(2.7) = 7.00, P = 0.02; Figure 3).
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Figure 3 Ash-free dry mass (AFDM; mean [± 1 SE]) o f the digested meal o f

five Nerodia sipedon and five Nerodia rhombifer at six, 12, and 18 

hours after ingestion o f a goldfish by each snake. For procedures 

used in the removal o f moisture and organic matter, see Paine 

(1971).

Discussion

The results o f these experiments indicate (through differences in growth rates o f 

snakes tested under different treatments) that 1) at high predator densities (1 snake) and 

low prey (5 fish) densities, intraspecific competition for food among N. sipedon occurs, 2) 

at low predator densities (1 snake) or high prey (10 fish) densities, intraspecific 

competition for food among N. sipedon does not occur, and 3) N. sipedon may potentially 

be a superior competitor to N. rhombifer at low prey (5 fish) densities. However, the 

results also indicate that the rates o f  gastric breakdown were ultimately (18 hours after
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ingestion of a fish) similar between N. sipedon and N. rhombifer and thus the former 

species was not a superior exploitative competitor to the latter for food.

The results indicating that intraspecific competition for food among N. sipedon 

may occur at high snake densities and low fish densities and that interspecific competition 

for food may occur between N. sipedon and N. rhombifer may seem untenable in a 

freshwater community that is typified by a generally high diversity and an abundance o f 

potential prey species to the snakes. However, water levels o f the Pascagoula River 

system became very low during the period when snakes were collected for this portion of 

the study (summers o f 1998-99). Due to this multi-year drought, backwater areas o f  the 

Bouie and Leaf Rivers became restricted to a series o f  small pools (usually < 1 m in 

depth). During nights when snakes were collected, up to 10 individuals o f N. sipedon and 

N. rhombifer combined were observed actively foraging in the same pools for fishes and 

frogs. Moreover, on several occasions, multiple individuals o f snakes were observed 

attacking the same fish or frog. Although the snakes were “free” to move overland to 

search for food after they had exhausted the supply o f  fishes and frogs in the pools, neither 

N. sipedon nor N. rhombifer are inclined to do so except during periods o f heavy rain 

(Preston, 1970; Meyer 1992). Thus, it does appear that the snakes are competing for a 

limited food source, at least during low water periods.

The higher digestion rate in N. sipedon during the first 12 hours following 

ingestion o f a fish may allow it to resume feeding more rapidly, leading to the 

consumption o f more prey per unit time relative to N. rhombifer during periods o f  food 

limitation. This may translate into higher growth rates and greater reproductive potential 

in N. sipedon. ultimately resulting in the greater overall abundance o f this species.
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However, digestion rates were nearly identical between N. sipedon and N. rhombifer at 18 

hours after prey ingestion, thereby probably nullifying any potential benefits derived from 

the higher digestion rates during the first 12 hours. Moreover, it is unknown whether N. 

sipedon actually spends more time foraging than does N. rhombifer. Also, a comparison 

o f foraging success by both species is needed to determine whether the hunting skills o f N. 

sipedon enable it to capture and consume more prey. The abundances and types o f  prey 

present (Mushinsky and Hebrard, 1977; Kofron, 1978; Miller and Mushinsky, 1990), 

habitat complexity (Mullin and Mushinsky, 199S, 1997), and climatic conditions 

(Mushinsky et al., 1980) dictate in part the foraging success o f Nerodia spp. Thus, the 

ability o f N. sipedon and N. rhombifer to capture and consume prey is probably subject to 

geographical and temporal variation.

If N. sipedon does spend more time foraging and its foraging success is equal to or 

greater than that of N. rhombifer. the former species may still not experience enhanced 

fitness, especially if smaller snakes, which are subject to higher predation, are more active 

and therefore more visible to predators. Indeed, juvenile N. sipedon have significantly less 

endurance than do adults, which is reflected by differences in defensive behavior that is 

passive in the juveniles and active in the adults (Pough, 1978). Balent and Andreadis 

(1998) found that yearling N. sipedon employed a mixture o f  foraging strategies and 

described them as “episodically active ambushers,” suggesting that a mixed foraging 

strategy had evolved in response to the diversity o f prey activity levels. Thus, a study on 

different size classes would reveal whether a shift in foraging behavior occurs as a snake 

reaches adulthood.
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The competitive relationships o f  N. sipedon and N. rhombifer should be further 

tested to determine whether interference competition occurs. Exploitation and 

interference are frequently co-occurring in the same community (e.g., Fellers, 1987; 

Maclsaac and Gilbert, 1991; Deslippe and Savolainen, 1995) and thus, although the 

results o f the laboratory experiment indicate that exploitation may occur up to 12 hours 

after ingestion o f prey, interference may occur between snakes as well. Moreover, 

although the results of the experiment on interspecific competition indicate that 

competition occurs for food, snakes probably compete for other vital resources, regardless 

o f the mechanism(s) involved. For example, in this area, N. sipedon and N. rhombifer 

appear to have a strong preference for basking only on objects overhanging or partially 

submerged in the water (pers. obs.). Thus, the availability o f suitable basking sites, 

especially for gravid females, may be a limited resource for which snakes compete.

To further substantiate the finding that N. sipedon and N. rhombifer compete for 

food, the diets o f snakes should be determined and assessed for the degree o f  similarity. 

Moreover, the foraging habits o f free-ranging snakes should be carefully observed and 

compared. For example, N. sipedon and N. rhombifer may forage in different 

microhabitats or during different times o f  the night, although I have found these two 

species repeatedly within the same area and foraging at the same time. Regarding foraging 

tactics, I have observed N. sipedon to attack live fishes only from the water’s edge, 

whereas N. rhombifer attacks live fishes from the water (Savitzky, 1989). If  these 

observations are accurate descriptors o f  these species normal foraging tactics, then the 

two species probably encounter and consume different species or size classes o f fishes, 

with N. sipedon taking more fishes that inhabit the shoreline than does N. rhombifer.
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The greater abundance o f N. sipedon than N. rhombifer in this area, combined with 

the findings o f  higher rates o f growth (in terms of mass gain) in the former species, may 

indicate that it is competitively superior to N. rhombifer. Alternatively, N. rhombifer may 

be relatively uncommon because it inhabits an area containing comparatively suboptimal 

habitat (and thus fewer available resources). However, I have observed and collected N. 

rhombifer from most parts o f  its range, and although it is generally associated with large 

water bodies (Preston, 1970; Kofron, 1978), I have found it to be abundant in small creeks 

in Louisiana and Texas, where it does not coexist with N. sipedon. Thus, interspecific 

competition (among other factors) probably mediates the coexistence and relative 

abundances o f N. sipedon and N. rhombifer in southeastern Mississippi.

The potential importance o f N. sipedon and N. rhombifer as competitors in 

freshwater communities may be underestimated if adults are studied to the exclusion o f 

neonates and juveniles. The smaller head and body size o f young N. rhombifer limits the 

range o f food sources available to them by inhibiting the consumption o f large fishes, 

which are preferred by the adults (Mushinsky et al., 1982). These differences in diet 

between size classes lessen competition for food between young and adult snakes. 

However, N. sipedon pleuralis and N. rhombifer rhombifer give birth annually to an 

average o f 21 and 37 offspring, respectively (Tennant and Bartlett, 2000). Thus, the 

neonates, which tend to have a more stenophagous diet (relative to the adults) and are 

clumped in distribution prior to dispersion from the parturition site, probably compete 

more intensively for food with other individuals within their size class.

However, even if competition is a major factor in communities that include N. 

sipedon and N. rhombifer. competition may be strongest not between species o f snakes,
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but between snakes and other predators, such as piscivorous fishes. Although a snake-fish 

competitive interaction has not been documented to my knowledge, competition between 

taxonomically disparate species may be more prevalent than is commonly assumed, 

perhaps because most researchers do not test for competition between species that they 

assume a priori not to be likely competitors. For example, Resetarits (1991, 199S) found 

that the demography o f a stream-inhabiting population o f spring salamanders 

(Gvrinophilus porphvriticus) was strongly influenced by competitively asymmetrical 

interactions with brook trout (Salvelinus fontinalis).

Despite the apparent intra- and interspecific competition for food that occurred 

among and between N. sipedon and N. rhombifer. the differences in mass changes o f  

snakes may have been due to other factors. In particular, the latter species may have not 

acclimated as well as the former to confinement within the enclosures; the increased stress 

on the snakes may have resulted in less mass gain. Although most snakes actively pursued 

fish as soon as they (the fish) were put into enclosures, it was difficult to assess whether 

N. sipedon was capturing and consuming more fish than was N. rhombifer. Nonetheless, 

highest mass increases would be expected in snakes that were consuming the greatest 

quantity o f food. Because all snakes were tested in the same type o f enclosures, subjected 

to the same environmental conditions, and exposed to the same level o f human disturbance 

(when fish were provided once a week), I believe that the higher mass gain in N. sipedon 

is primarily attributable to its superior competitive abilities to N. rhombifer.
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CHAPTER VI

THE ROLE OF NERODIA SIPEDON AS A PREDATOR

Introduction

Because N. sipedon is an abundant upper-level predator along the lower Bouie 

River and adjacent Leaf River (see page 25), it is probable that this species plays a major 

role as a predator, particularly o f fishes and amphibians (and perhaps o f its own species), 

in this river system. Accordingly, these predator-prey relationships may be influenced by 

prey choice, foraging behavior, or size class o f the snake, as well as the habitat selection 

or activity patterns o f its prey. Thus, studies o f these various factors are essential for 

determining the significance o f predator-prey relationships involving N. sipedon.

In particular, ontogenetic changes in the predator and/or prey may affect predator- 

prey relationships, as well as differences in foraging behavior, habitat selection, and 

activity patterns o f prey when predators are absent versus present. Behavioral plasticity 

enables N. sipedon to modify its foraging behavior to enhance the probability of 

encountering and capturing different prey types (Meyer, 1992; Balent and Andreadis, 

1998). Therefore, the mode o f  foraging used by N. sipedon is more likely to be influenced 

by non-genetic factors in response to the habits o f different prey types, than by genetic 

factors. In addition, because N. sipedon is primarily piscivorous (Figures 14, 15; Meyer, 

1992), adults probably have consumed more fishes than frogs in the past and have more
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



40

handling experience with the former prey type, whereas neonates have little or no prior 

prey handling experience.

Due to the high density at which N. sipedon occurs in the Pascagoula River 

system, cannibalism may regulate the abundance of this species in part. Indeed, Mitchell 

(1986) reviewed cannibalism in reptiles and concluded “that there is justification for 

suggesting density-dependent cannibalism in some cases and that there have been some 

suggestions [of cannibalism] in the previous literature.” Two instances o f cannibalism in 

the field bv N. sipedon have been reported: Anonymous (1892) and Conant (1938). Both 

instances involved an adult consuming a juvenile. In neither instance, however, was the 

genetic relationship between the individuals involved in the cannibalistic interactions 

reported. Therefore, the existence o f kin recognition and its potential role in enhancement 

o f inclusive fitness in N. sipedon are not known, but warrant investigation. Nerodia 

sipedon is primarily piscivorous (Meyer, 1992) and thus mother snakes may preferentially 

consume fishes over neonatal conspecifics. However, in the absence o f  fish prey, mother 

snakes that exhibit kin discrimination would favor the survival o f  their own kin by 

preferentially consuming non-kin over kin, thereby enhancing their inclusive fitness 

(Hamilton, 1964).

Predator-prey relationships involving N. sipedon may also be influenced by 

microhabitat selection by more typical prey, such as fishes. Areas containing higher 

microhabitat complexity may provide more protection to fishes from snakes than do areas 

containing less microhabitat complexity. Also, in the presence o f  snakes, fishes may 

decrease their vulnerability by becoming less active and thus less apt to be visually 

detected. However, the response o f  a fish to the presence o f a snake may differ by species
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(e.g., an active swimming fish may spend more time in open microhabitats and in activity 

than does a more benthic or sedentary fish).

I tested five hypotheses regarding the role o f N. sipedon as a predator: 1) foraging 

mode in neonatal snakes is phenotypicaily plastic (influenced by non-genetic factors), 

rather than canalized (determined solely by genes), and thus differences in foraging mode 

among neonates from different litters will not be greater than differences among neonates 

from the same litter, 2) neonatal snakes have similar handling times and capture 

efficiencies for fishes and frogs, whereas adult snakes have faster handling times and 

higher capture efficiencies for fishes than for frogs, 3) mother snakes will consume more 

unrelated (non-kin) than related (kin) neonates and will consume fewer neonates when 

alternative prey is available, 4) prey fishes will utilize areas containing higher microhabitat 

complexity in the presence than in the absence o f snakes, and 5) prey fishes will be less 

active in the presence than in the absence o f snakes.

Materials and Methods

For all experiments testing the role o f N. sipedon as a predator, I used snakes that 

were collected from tributaries o f the Bouie River and adjacent portion o f the Leaf River 

in Jones and Forrest Counties, Mississippi. Each o f  the gravid snakes was collected from 

a different creek, thus ensuring that these snakes were unrelated and that their impending 

litters had a different paternity. Gravid snakes were individually maintained at room 

temperature (20 C ± 2 C) in 10-gallon aquaria, provided with supplemental warmth from 

heating pads, provided with fresh water daily, and fed five subadult golden shiners 

(Notemigonus crvsoleucas) per week prior to parturition. Litters o f neonatal snakes were 

individually maintained in 85L plastic containers, provided with fresh water daily, and not
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fed prior to testing. I maintained all snakes and conducted all tests at the Natural Sciences 

Park o f the University o f Southern Mississippi (except for the experiment on kin 

recognition, which was conducted in the field [see below]).

To test the foraging mode o f neonatal snakes, I collected gravid snakes during the 

first week o f July 1999 and maintained them in captivity, where they parturated from 

early-mid July; their offspring were maintained thereafter. During August 1999,1 

individually tested five randomly selected neonates each from five different litters for a 

total o f 25 tests. Each snake was acclimated under subdued lighting and in an 8SL plastic 

container filled with 1 cm of water for 60 minutes prior to testing. Immediately after the 

acclimation period, one guppy (Poecilia reticulata) was added as prey. The amount o f 

time each snake spent in a sit-and-wait (when midpoint o f snake’s body was stationary for 

> 10 sec) and an active (when midpoint o f snake’s body was stationary for < 10 sec) 

foraging mode was recorded from the moment o f  first tongue flick to the time o f  prey 

capture. The testing variable was the amount o f  time spent in sit-and-wait and active 

foraging modes. Data were analyzed (with a  set at 0.05) with a one-way ANOVA for 

comparisons between litters. Comparisons within litters were made descriptively because 

statistics could not be used to analyze differences in foraging modes between the 

individual snakes comprising a litter.

To test for ontogenetic changes in handling time and capture efficiency o f snakes 

on different prey types, I collected gravid and non-gravid adult snakes during the first 

week o f  July 2001 and maintained them in captivity, where the former snakes parturated 

from late July -  early August; their offspring were maintained thereafter. During August 

2 0 0 1 ,1 tested 10 neonates (each individual randomly selected from a different litter and
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none offered food since birth) individually under subdued lighting in 11.4L plastic 

containers filled with 1 cm of water. Immediately after a 60-minute period of acclimation, 

neonates were offered a juvenile mosquitofish (Gambusia sp.) and the number of capture 

attempts (= strikes) required to secure prey and the handling times (duration from prey 

capture to completion o f ingestion [seconds], as evidenced by the beginning of muscle 

contractions in the esophageal region) o f  snakes were recorded. I tested 10 additional 

neonates under the same protocol, except juvenile southern cricket frogs (Acris gryllus) 

were offered in place o f fishes. All prey (fish and frogs) offered to neonatal snakes were 

o f  comparable size (total length = 1 cm; approximately 1.5-2 times the width of neonatal 

snakes’ heads).

I also tested the handling times and capture efficiencies o f 20 adult snakes (10 

were offered fish [juvenile M- punctulatusl. and 10 offered green treefrogs [Hvla cinereaj) 

under the same protocol, but in 8SL plastic containers filled with 2 cm o f water. Adult 

snakes had not been offered food since the time o f their capture. All prey (fish and frogs) 

offered to adult snakes were of comparable size (total length = 2-3 cm; approximately 1.5- 

2 times the width o f adult snakes’ heads). The walls o f  each container were dampened 

prior to testing to prevent snakes and frogs from escaping. Testing variables were the 

number o f strikes required to secure prey and handling times. Data were analyzed (with a  

set at 0.0S) with a two-factor MANOVA (size class x prey type) and, for comparisons 

between size classes and between prey types, a one-way ANOVA (post hoc to 

MANOVA).

To test for differential cannibalism by mother snakes on related and unrelated 

neonates, I conducted a field experiment in ponds on private property in Jones County,
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Mississippi. I tested snakes in outdoor enclosures (1.22 x 1.22 x 0.91 m) constructed o f a 

wooden frame and removable lid and fiberglass screen walls (stapled to the frame). I 

placed the enclosures half on land/half in water at the edges o f the ponds to simulate the 

natural water-edge habitat o f snakes. Enclosures were arranged in a linear sequence and 

snakes were placed in the enclosures in random order.

I collected gravid snakes for the cannibalism experiment during the first week o f 

July 1999 and maintained them in captivity, where they parturated from early-mid July; 

their offspring were maintained thereafter. During August 1999,1 tested five mother 

snakes (the same individuals that were captured the month before and had since 

parturated) in the enclosures. To standardize hunger levels, mother snakes were fed five 

juvenile M punctulatus (individual total lengths = 2-3 cm) one week prior to testing.

Each snake was tested, in a randomized sequence, once under each o f four treatments (for 

a total o f  20 tests including all five mother snakes) by being offered 1) five kin (o f test 

snake) and five alternative prey (= M. punctulatus). 2) five non-kin neonatal snakes (from 

the same randomly selected litter) and five alternative prey (= M- punctulatus). 3) five kin 

(o f test snake) and no alternative prey, and 4) five non-kin neonatal snakes (from the same 

randomly selected litter) and no alternative prey.

To begin testing for cannibalism, prey were added to an enclosure containing a 

mother snake. Thereafter, mother snakes were checked at 4-hour intervals over a 24-hour 

period to determine approximately when and exactly how many neonates had been 

consumed. After a test day, mother snakes were given a 7-day rest period in the enclosure 

to which each had been randomly assigned to be tested under the next treatment. Testing 

variables were time o f consumption and number o f neonates consumed. Data were
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analyzed (with a  set at 0.05) with a two-way ANOVA (kinship x alternative prey 

availability) and a 6 x 2 x 2 repeated-measures MANOVA (time o f consumption x kinship 

x alternative prey availability).

To test the influence of snakes on the microhabitat usage by their fish prey, I 

collected non-gravid adult snakes during June 2001. During July 2001,1 filled plastic 

pools (inner diameter = 1 m; depth = 20 cm) with 5 cm o f water and divided each pool 

into quarters. Mexican beach pebbles (diameter = 3-4 cm; height =1-2 cm) were stacked 

(each stack consisting o f two stones) to create microhabitats o f no (N = 0 pebbles or 

stacks), low (N = 6 stacks arranged in 3 rows), medium (N = 10 stacks arranged in 4 

rows), and high (N = 18 stacks arranged in 4 rows) structural complexities in each o f  the 

different quarters per pool. Ten different juvenile individuals o f  two species o f  fishes 

(sharpfin chubsuckers fErimvzon tenuisl and M. punctulatus: all fishes were o f  comparable 

size [total length = 2-3 cm]) were used as prey for a total o f 20 experimental tests (one 

snake confined [since day before testing] within a minnow trap set at center o f  pool to 

prevent the snake from consuming the fish) and 20 control tests (snake absent from 

minnow trap set at center of pool).

To begin testing microhabitat usage, a  fish was added to a pool and, following a 

60-minute period o f acclimation, its location (according to type o f microhabitat) was 

recorded at 2-minute intervals for 50 minutes. The order o f conducting experimental and 

control tests and o f testing fishes was randomized. The testing variable was the number o f 

times that fishes were located in each microhabitat type. Data were analyzed (with a  set 

at 0.05) with a Mann-Whitney test (between treatments [experimental versus control]), a
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Friedman test (between microhabitat types for both the experimental and control 

treatments), and a Wilcoxon Signed Ranks test (post hoc to Friedman test).

To test the influence o f snakes on the activity patterns o f  their fish prey, I collected 

non-gravid adult snakes during June 2001. During July 2001 ,1 filled plastic pools (inner 

diameter = 1 m; depth = 30 cm) with 5 cm o f water. Ten different juvenile individuals o f 

two species o f fishes (E. tenuis and M. punctulatus: all fishes were o f comparable size 

[total length = 2-3 cm]) were used as prey for a total o f 20 experimental tests (one snake 

contained [since day before testing] within a minnow trap set at center of pool to prevent 

the snake from consuming the fish) and 20 control tests (snake absent from minnow trap).

To begin testing activity patterns, a fish was added to a pool and, following a 60- 

minute period o f acclimation, the amount o f time (sec) the fish spent moving was recorded 

for 30 minutes. The order o f  conducting experimental and control tests and o f testing 

fishes was randomized and the water in the pools was changed between all tests. The 

testing variable was the amount o f time spent moving by the fishes. Data were analyzed 

(with a  set at 0.05) with a two-way ANOVA (fish species x treatment).

Results

The experiment on foraging modes o f neonatal snakes indicated that differences in 

time spent in either sit-and-wait or in active foraging modes did not significantly differ 

between different litters (Figure 4). Overall, differences in foraging modes did not appear 

to be greater among litters than within litters (Figure 4).
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Figure 4 Foraging mode among and between litters o f  Nerodia sipedon. A

net time spent actively foraging of zero seconds occurs when 

snakes spend an equal amount o f time actively foraging and sitting- 

and-waiting. A negative net time spent actively foraging therefore 

occurs when snakes spend more time sitting-and-waiting than 

actively foraging. Each litter consists o f five snakes and thus each 

bar represents a different individual. Snakes were numbered “ 1” 

through “5” according to the sequence in which they were tested.

The experiment on handling times and capture efficiencies o f  neonatal and adult 

snakes indicated that the size class x prey type interaction effect for strikes was not 

significant (Figure 5). The number o f  strikes required to secure prey did not significantly 

differ between neonatal and adult snakes for either fish or frogs (Figure 5). The number o f 

strikes required to secure fish versus frogs did not differ in neonatal snakes (Figure 5), but
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was significantly higher for fish than for frogs in adult snakes (F (i . |8> = 4.44, P = 0.04; 

Figure 5). The interaction effect for handling time was significant (F,U6) =  10.88, P = 

0.002; Figure 6). Handling time for fish was significantly higher in neonates than in adults 

(F(i.ig) = 8.67, P = 0.01; Figure 6), but did not significantly differ between size classes for 

frogs (Figure 6). Handling time was significantly higher for fish than for frogs in neonates 

(F(i.ig) = 4.75, P = 0.04; Figure 6), and was significantly higher for frogs than for fish in 

adults (F(i.ig) = 7.77, P = 0.01; Figure 6).

Bfish
■frogs

nBQTElBS a its

Stae Class

Figure 5 Mean (± 1 SE) number o f strikes required to secure prey by

neonatal and adult Nerodia sipedon.
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neonates adults

Size Class

Figure 6 Mean (± 1 SE) handling time (sec) required to ingest prey by

neonatal and adult Nerodia sipedon.

The experiment on cannibalism indicated that mother snakes consumed 

significantly more non-kin than kin (regardless o f  alternative prey [fish] availability) and 

significantly fewer neonates (regardless of kinship) when alternative prey were present 

(kinship F(u 6) = 36.48, P < 0.001; prey F(U6) = 11.65, P = 0.004; Figure 7). The kinship x 

alternative prey availability interaction was not significant (Figure 7). Mother snakes 

consumed significantly more non-kin during the first eight hours o f testing than during the 

latter 16 hours (time F(4.i3) = 16.72, P < 0.001; Figure 8). Lastly, the time o f consumption 

x kinship, time o f consumption x alternative prey availability, and time o f consumption x 

kinship x alternative prey availability interactions were significant (time x kinship F(4,i3) = 

13.71, P < 0.001; time x prey F ^ ,^  = 4.62, P = 0.01; time x kinship x prey F(4,i3) = 3.36, P 

= 0.04; Figure 8). Therefore, mother snakes preferentially consume fish over conspecifics, 

and in the absence o f fish, preferentially consume non-kin over kin.
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Figure 7
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Mean (± l SE) number o f neonatal kin and non-kin Nerodia 

sipedon eaten by five mother snakes. Kin were the offspring o f the 

mother snake with which they were tested, whereas non-kin were 

not the offspring o f  the mother snake with which they were tested. 

Fish (Micropterus punctulatus) were offered to the mother snakes 

as an alternative prey to the neonates in the first two treatments.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



51

C® Jg
iS ?
•  |c
S i
2 o
I I

|Ic  **Si
s

2.5

2

1.5

1

0.5

0
4 8 12 16 20 24

No. Hours Since 
Addition of Prey

-M n+fah 
-non-kin +f«h 
-kin only 
-non-Mnonly

Figure 8 Mean (± 1 SE) number o f neonatal Nerodia sipedon eaten by five

mother snakes since time of addition o f prey.

The experiment on microhabitat usage by fishes indicated that the number of times 

that fishes were located within each microhabitat type did not significantly differ between 

the experimental and control treatments for either E. tenuis (Figure 9) or M. punctulatus 

(Figure 10). The number of times that E. tenuis was located between the different 

microhabitats did not significantly differ for either the experimental (Figure 9) treatments. 

The number o f  times that M. punctulatus was located between the different microhabitats 

did not significantly differ for the experimental treatment (Figure 10). Although M. 

punctulatus was located more times in no microhabitat complexity than in high 

microhabitat complexity during the control (x2<3^2> = 10.105, P = 0.02; no versus high 

Z(u8> = -2.15, P = 0.03; Figure 10), this difference was not significant after applying a 

Bonferroni adjustment (a  = 0.004). Therefore, neither species of fish responded to the 

presence o f  the snake by altering their microhabitat usage.
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Figure 9
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Number o f observations o f Erimvzon tenuis (N = 10) in different 

microhabitat complexities under experimental (snake present in 

testing pool [but excluded from fish]) and control (snake absent) 

treatments, exper. = experimental; med. = medium
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■control

no low med. high 

Microhabitat Complexity

Figure 10 Number o f observations o f Micropterus punctulatus (N = 10) in 

different microhabitat complexities under experimental (snake 

present in testing pool [but excluded from fish]) and control (snake 

absent) treatments, exper. = experimental; med. = medium

The experiment on activity patterns o f fishes indicated that the amount o f time that 

E. tenuis and M punctulatus spent in activity did not significantly differ between species 

(Figure 11) nor between the experimental and control treatments (Figure 11). Moreover, 

the species x treatment interaction was not significant (Figure 11).
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B control

M. punctulatusE. tenuis

Species

Figure 11 Amount o f time (mean [± 1 SE]) spent in activity by Erimvzon 

tenuis and Micropterus punctulatus under experimental (snake 

present in testing pool [but excluded from fish]) and control (snake 

absent) treatments, exper. = experimental

Discussion

The results o f these experiments indicate that 1) foraging mode in neonatal snakes 

is phenotypically plastic (influenced by non-genetic factors), 2) capture efficiencies and 

handling times may differ according to size class o f  snake or prey type, 3) mother snakes 

may enhance their inclusive fitness through kin discrimination, and 4) in the presence o f a 

snake, fishes do not employ antipredatory mechanisms by selecting different microhabitat 

types or by altering their levels o f activity.

I studied both neonatal and adult N. sipedon to avoid biasing the results o f the 

foraging behavior experiment in favor o f one size class. The only practical means to 

obtain a large sample o f  neonatal snakes was to capture gravid females and maintain them 

in captivity until they parturated. One benefit o f this method was that the maternity o f all
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neonates was known, which was essential information when conducting and interpreting 

the results o f my experiments on variation in foraging mode between and within litters and 

on the potential for kin recognition by mother snakes. An additional benefit o f  this 

method was that all neonates completely lacked any knowledge acquired from the field 

and thus could be tested for certain behaviors such as foraging efficiencies on different 

prey types without the possibility o f prior experience biasing the results.

The results o f my experiments that involved neonatal and adult N. sipedon indicate 

that ontogenetic changes in the handling times and capture efficiencies o f snakes may have 

a large impact on their interactions with their prey fishes. For example, adult snakes 

required significantly less time to handle fish than did neonatal snakes. In addition, both 

neonatal and adult snakes can adjust their foraging behavior as necessary, depending on 

the type o f prey for which they are foraging (Meyer, 1992; Balent and Andreadis, 1998). 

Thus, the foraging mode employed by snakes is more likely to be dictated by non-genetic 

factors such as the habits o f  the prey or the prevailing environmental conditions, rather 

than by genetic factors, as indicated by my study in which differences in foraging modes 

were as great among littermates as between litters o f snakes.

The piscivorus tendencies o f N. sipedon (Meyer, 1992) probably result in the 

consumption of more fishes than frogs by adult snakes relative to neonates, leading to 

more handling experience with fishes by adults. By contrast, neonates will have had little 

or no prior prey handling experience o f either prey type, which may have accounted for 

the quicker handling time o f fishes by adult snakes relative to neonates in my study. 

Moreover, “experienced” adults o f N. sipedon frequently adopt a specific searching image
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while foraging, thereby increasing their prey capture efficiencies (Porter and Czaplicki,

1977).

Nonetheless, the high number o f  strikes required to secure fish (albeit with a 

corresponding decrease in handling time) by adults o f N. sipedon was unexpected. Similar 

to the findings o f Savitzky (1989) and Savitzky and Burghardt (2000) for N. rhombifer. 

only the adult snakes in my experiments commonly engaged in open-mouthed foraging for 

fish. This behavior, which involved continuous left-to-right and right-to-left lateral 

movements o f  the forebody through the water with the mouth held continuously open, 

appeared to result in decreased foraging efficiency of snakes. Indeed, open-mouthed 

foraging behavior in N. sipedon is associated with the making of unsuccessful attacks 

(Drummond, 1979). Thus, neonatal snakes may have been more efficient at capturing fish 

because they did not engage in open-mouthed foraging. Open-mouthed foraging would 

presumably be advantageous when prey are abundant or are clumped in distribution (e.g., 

schools o f fish) (Drummond, 1979). Yet, only one fish was offered to each snake, and 

thus this behavior was relatively ineffective at securing prey. By contrast, no snakes were 

observed to engage in open-mouthed foraging for frogs.

O f particular interest was the apparent kin discrimination exhibited by mother 

snakes, whereby mother snakes preferentially consumed non-kin over their own kin and 

most o f this non-kin-biased cannibalism occurred within the first eight hours o f the 24- 

hour test period. This phenomenon has never before been documented in snakes to my 

knowledge. Nonetheless, cannibalism has been documented in at least 101 species o f  

snakes (including N. sipedon [Mitchell, 1986]). Moreover, due to the generally secretive 

habits o f most species o f snakes (including Nerodia spp., which are predominately active
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at night [pers. obs.]), cannibalism may not be a readily observed behavior, particularly if it 

is exhibited infrequently or under certain conditions (e.g., at unusually high densities o f 

snakes or low densities o f prey).

Other groups o f ectotherms, anurans in particular, frequently exhibit kin 

discrimination (Waldman, 1991) that includes parent-offspring recognition in species 

exhibiting parental care (e.g., poison-dart frogs o f the family Dendrobatidae [Leenders, 

2001 ]). Furthermore, although the consumption of neonates may have been an artifact o f 

confinement and subsequent stress on the mother snakes (which may have led to the 

abnormal feeding habits), this does not explain why mother snakes consumed more non

kin than kin. Future research may involve testing of other species o f snakes under the 

same experimental design. Also, N. sipedon could be tested further by waiting to test until 

a longer time had passed since parturition, thereby determining if selection between kin 

and non-kin diminishes over time.

The general lack of response of fishes to snakes, in terms o f  microhabitat selection 

and activity patterns, may have been due to several factors. Fishes may have been more 

responsive had plants, rather than beach pebbles, been used to create microhabitats 

because fishes were captured at my study site, where lithic material (rocks, stones, etc.) 

was absent but aquatic vegetation was plentiful. Therefore, these fishes probably utilized 

plants as refuges and may have not recognized the beach pebbles as potential refuges. 

Moreover, because only juveniles o f E. tenuis and M. punctulatus were tested, fishes may 

have been naive to the sight or odor o f snakes. Alternatively, fishes may respond to a 

potential threat by using antipredatory strategies other than seeking areas o f high 

microhabitat or reducing periods o f activity. For example, juveniles o f E. tenuis live in
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schools until they are 10-13 cm long (Mettee et al., 19%). Schooling serves to protect 

fish from predators by improving the ability to detect predators and by making it more 

difficult for a predator to focus on an individual fish (Radakov, 1973). Thus, more 

“normal” antipredatory behavior would probably be elicited from juveniles o f E. tenuis 

when they are tested in schools, rather than in isolation from other fish.
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CHAPTER VII 

THE ROLE OF AGKISTRODON PISCIVORUS AS A 

PREDATOR OF, AND COMPETITOR WITH, NERODIA SIPEDON 

Introduction

Agkistrodon piscivorus is generally associated with shallow water bodies 

throughout its range (Burkett, 1966), which probably accounts for its absence from the 

lower Bouie River and adjacent Leaf River. However, A. piscivorus is the most 

commonly encountered snake in the smaller tributaries o f the Bouie and Leaf Rivers, 

where it coexists with N. sipedon (pers. obs). The greater abundance o f A. piscivorus in 

smaller water bodies may imply that it is competitively superior to N. sipedon in these 

habitats. Moreover, A. piscivorus is known to consume other species o f snakes, including 

Nerodia (Clark, 1949; Burkett, 1966; Kofron, 1978). Therefore, A. piscivorus may also 

limit the abundance of N. sipedon through predation, particularly because the latter species 

is the only species o f Nerodia that commonly coexists with A. piscivorus in the smaller 

tributaries o f the Bouie and Leaf Rivers (pers. obs ).

The feeding ecologies o f  A. piscivorus and N. sipedon are subject to ontogenetic 

changes in foraging behavior (e.g., Burkett, 1966; Mushinsky et al., 1982; Savitzky,

1989), which may result in access to, and consequential consumption of, different prey 

taxa by small (juvenile) and large (adult) snakes. This ontogenetic shift in diet may 

therefore affect predator-prey, as well as competitive, relationships between A. piscivorus
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and N. sipedon. particularly because A. piscivorus has an extremely diverse diet that 

includes species o f Nerodia (e.g.. Clark. 1949; Laughlin, 1959; Kofron, 1978).

The status o f heterospecific snakes as potential predators is frequently mediated 

through olfactory cues. Even naive (e.g., neonatal or captive-bred) snakes will respond to 

the odors o f potential predatory snakes by moving away from areas containing such odors 

(e.g.. Burger, 1989, 1990; Burger et al., 1991). Because A. piscivorus occasionally 

consumes species o f Nerodia te g.. Clark, 1949; Burkett, 1966; Kofron, 1978), neonates 

and adults o f N. sipedon may perceive A. piscivorus as a predator through detection o f its 

odor and thus avoid areas that contain such odors.

My overall objective was to elucidate the potential role o f A. piscivorus as a 

competitor for food and/or predator o f  N. sipedon by 1) determining whether food habits 

o f  either species were subject to ontogenetic changes and 2) testing for potential 

antipredatory behavior o f the latter species in response to olfactory cues o f the former. To 

address these objectives, I tested the following hypotheses: 1) the number and species o f 

prey taxa (including N. sipedon! consumed by A. piscivorus will differ among different 

size classes o f snakes, 2) the number and species o f prey taxa consumed by N. sipedon will 

differ among different size classes o f  snakes, and 3) neonates and adults o f  N. sipedon 

from sites cohabited and not cohabited by A. piscivorus will avoid entering areas 

containing olfactory cues of A. piscivorus.

Materials and Methods

From the winter o f 2000 to the spring o f2001,1 examined the dietary 

compositions o f  A. piscivorus and N. sipedon from preserved museum specimens. I 

dissected A. piscivorus (N = 359 snakes) and N. sipedon (N = 661 snakes) that had been
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collected in the Gulf Coastal drainages (west o f the Apalachicola and Chattahoochee 

Rivers and east o f the Mississippi River), where these species are sympatric (Tennant and 

Bartlett, 2000) and may therefore potentially interact. Food items were removed from the 

digestive tract (esophagus and stomach), identified to the most specific taxonomic 

category possible, and grouped according to the species and size class o f snake from 

which they came (for both species, snakes < SO cm SVL constituted the “small” size class, 

and snakes > 50 cm SVL constituted the “large” size class). For comparisons within each 

species and size class o f snake, data were analyzed with Levin’s index o f niche breadth: 

s(-Ip, log pi), where s is the total number o f prey species and p, is the proportion o f  the 

total number o f prey individuals that belong to species / (Brower et al., 1998). For 

comparisons between species and size classes, data were analyzed with Morisita’s index o f 

overlap hi = 2Lry ,l  ([/i + where xt is the total number of prey individuals in

species / in community 1, »  is the total number o f  prey individuals in species i in 

community 2, N\ is the total number o f prey individuals in community 1, and jV2 is the total 

number o f prey individuals in community 2 (Brower et al., 1998). To maintain large 

sample sizes, I pooled food items o f snakes from different river drainages.

I measured the response o f neonatal and adult N. sipedon to olfactory cues o f  A. 

piscivorus in the laboratory. I sought to compare the responses o f naive snakes (e.g., no 

prior exposure to odor o f A. piscivorus) to snakes that were had been potentially exposed 

to odor o f A. piscivorus. Thus, I collected gravid and non-gravid adult N. sipedon from 

sites along Gordon’s Creek (Forrest County, Mississippi) cohabited and not cohabited by 

A. piscivorus (pers. obs.), as well as an adult o f  the latter species from the same creek. All 

adult snakes were individually maintained at room temperature (20 C ± 2 C) in 10-gallon
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aquaria, provided with supplemental warmth from heating pads, provided with fresh w ater 

daily and fed five subadult N. crvsoleucas per week prior to parturition (gravid snakes) o r 

testing (non-gravid snakes). Litters o f neonatal snakes were individually maintained in 

8SL plastic containers, provided with fresh water daily, and fed SO juvenile N. crvsoleucas 

per week prior to testing. I maintained all snakes and conducted all tests at the Natural 

Sciences Park o f  the University o f Southern Mississippi.

To test the response o f N. sipedon to olfactory cues o f A. piscivorus. I used a Y- 

maze consisting o f three wooden arms: one base arm (87 x 16 x 4 cm) and two side (= 

experimental) arms (each 89 x 6 x 4 cm, extending off the base arm at a 30° angle, and 

open-ended opposite the junction with the other two arms). The maze was covered with a 

clear sheet o f plastic and the floor o f all arms was covered with paper. The A. piscivorus 

was allowed to move freely over one randomly selected experimental arm (with both ends 

o f  the arm closed) for 10 minutes, thereby establishing an odor trail (the other 

experimental arm was an odorless control). The A. piscivorus was then removed, a N. 

sipedon was introduced into the base arm, and the experimental arm through which the 

test snake moved and exited was recorded. Latex gloves were used to introduce and 

remove snakes to avoid imparting human odors. After each test, the paper was changed 

and the maze washed with soap and water. A total o f 20 neonatal and 20 adult N. sipedon 

was tested: 10 individuals o f  both size classes were from sites cohabited by A. piscivorus. 

the other 10 were from sites not cohabited by A. piscivorus. Data were analyzed (with a  

set at 0.05) with a binomial test (Gravetter and Wallnau, 1996).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

Results

Based on the dissections, A. piscivorus (from both small and large size classes) 

consumed a wide array o f prey, including invertebrates (a bivalve, crayfish, beetles, and 

larval butterflies), at least three species each o f salamanders (comprising three families and 

including a larva), frogs (comprising two families), and turtles (comprising three families), 

and at least six species of lizards (o f which the ground skink [Scincella lateralis) was 

particularly abundant [16 individuals were identified] and comprising four families) (Table 

1). In addition, A. piscivorus consumed at least eight species o f snakes (all o f which were 

colubrids [yet no individuals o f  N. sipedon]. with the exception o f one conspecific), at 

least two species o f perching birds (comprising two families), and at least four species o f 

mammals (comprising two families; shrews [family Soricidae] were particularly abundant) 

(Table 1). O f the 359 individuals o f A. piscivorus examined, 109 (33%) contained at least 

one identifiable food item.

Tablet Non-fish taxa consumed bv Agkistrodon piscivorus. Insect and amphibian

taxa that are not designated as larvae were in the adult (metamorphosed) 

form.

Taxonomic Category Number o f Taxa

CLASS

Bivalvia

Crustacea

1 unidentified bivalve 

1 Cambaridae

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



64

Table 1 Continued.

Taxonomic Category Number of Taxa

CUSS

Insecta

ORDER

Coleoptera 1 Passalidae, 1 unidentified coleopteran

Lepidoptera 1 Sphingidae (larva)

1 unidentified lepidopteran (larva)

CUSS

Amphibia

ORDER

Caudata Ambystomatidae H Ambvstoma talpoideum)

Amphiumidae (1 Amphiuma means)

Plethodontidae (2 Desmognathus sp. [1 larva). 1 unidentified

plethodontid)

1 unidentified salamander

Anura HyiidaeU Hvlacinerea. 1 Hvlasp.)

Ranidae (3 Rana catesbeiana. 6 Rana utricularia. 11 Rana sp.)

3 unidentified frogs

CUSS

Reptilia

ORDER

Testudines Chelydridae (2 Chelvdra serpentina)

Emvdidae (1 Trachemvs scripta)

Kinostemidae (1 unidentified)
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Table 1 Continued.

Taxonomic Category Number of Taxa

CUSS

Reptilia

ORDER

Squamata

SUBORDER

Lacertilia

Serpentes

CUSS

Aves

ORDER

Passeriformes

Anguidae (T Ophisaurus sp.)

Iguanidae (3 Sceloporus undulatus)

Polvchrotidae (1 Anolis carolinensis)

Scincidae (3 Eumeces fasciatus. 1 Eumeces inexpectatus.

16 Scincella lateralis)

1 unidentified lizard

Colubridae (2 Coluber constrictor. 3 Diadophis punctatus.

1 Elaphe obsoleta. 1 Nerodia cvclopion. 1 Storeria 

dekavi. 1 Thamnophis sauritus. 1 Virginia striatula. 

1 unidentified colubrid)

ViperidaeU Agkistrodon piscivorus)

2 unidentified snakes

Fringiilidae(I Cardinalis cardinalis [northerncardinal)

Paridae (2 Baelophus bicolor rtufted titmousel)

3 unidentified perching birds
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Table 1 Continued.

Taxonomic Category Number o f  Taxa

CUSS

Mammalia 1 unidentified mammal

ORDER

Insectivora Soricidae (3 Blarina carolinensis. 1 Crvptotis parva. 1 Sorex 

longirostris. 2 unidentified soricidsi

Rodent ia Muridae (2 Mus musculus) 

2 unidentified rodents

Overall, fishes were the most abundant prey o f A. piscivorus. Fifty-eight o f  the 77 

fishes in the gut contents o f A. piscivorus were identified to genus or species and 

collectively belonged to seven families, with centrarchids comprising 53% of the fishes 

that were identified to family, followed in abundance by Cyprinidae, Ictaluridae, 

Fundulidae, Poeciliidae, and Elassomatidae and Esocidae (Table 2). The family 

Centrarchidae was represented by at least five species, all except one o f which (a bass 

[Micropterus]) were sunfishes (Centrarchus. Lepomis) (Table 2). Due to the difficulty o f  

identifying fishes to species, the number o f species per family was difficult to assess. 

However, shiners fNotropis spp.), topminnows (Fundulus spp.), catfishes (family 

Ictaluridae) and mosquitofishes (Gambusia spp.) appeared to be the most abundant fishes 

other than centrarchids (Table 2).
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Table 2 Fish taxa consumed by Agkistrodon piscivorus. Nineteen fishes could not 

be assigned to family and thus are not included in the table.

Family Number o f Taxa Within Family

Centrarchidae 1 Centrarchus macropterus. 6 Lepomis eulosus. 2 Lepomis 

humilis. 1 Lepomis microlophus. 17 Lepomis sp..

1 Micropterus sp.. 3 unidentified centrarchids

Cyprinidae 1 Notemieonus crvsoleucas. 7 Notropis sp.

Elassomatidae 2 Elassoma zonatum

Esocidae 2 Esox sp.

Fundulidae 5 Fundulus sp.

Ictaluridae 1 Ameiurus so.. 1 Ictalurus sp.. 4 unidentified ictalurids

Poeciliidae 1 Gambusia aflinis. 3 Gambusia sp.

Small and large individuals o f N. sipedon also consumed a wide array o f prey, 

including invertebrates (an earthworm, crayfish, larval bug, larval butterfly, and larval 

caddisfly), at least three species o f  salamanders (comprising two families and including 

four larvae), at least four species o f  frogs (comprising three families and including four 

larvae), two species o f lizards (comprising one family), and at least one species o f snake (a 

conspecific) (Table 3). Lungless salamanders (family Plethodontidae) and “true” frogs 

(family Ranidae) were most abundant (each family including six individuals) among non

fish prey, followed by “true” toads (family Bufonidae; including four individuals) and 

skinks (family Scincidae; including two individuals) (Table 3). O f the 661 individuals o f  

N. sipedon examined, 82 (12%) contained at least one identifiable food item.
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Table 3 Non-fish taxa consumed by Nerodia sipedon. Insect and amphibian taxa

that are not designated as larvae were in the adult (metamorphosed) form.

Taxonomic Category Number o f Taxa

CUSS

Crustacea 1 Cambaridae

Oligochaeta 1 Lumbricus terrestris

CUSS

Insecta I unidentified (larva)

ORDER

Hemiptera 1 Gelastocoridae

Lepidotera 1 unidentified (larva)

Trichoptera 1 unidentified (larva)

CUSS

Amphibia

ORDER

Caudata Plethodontidae (1 Desmognathus sp. [larva]. 1 Desmognathus

fuscus. 1 Eurvcea cirrigera. 3 unidentified

plethodontids [all larvae])

Proteiidae (1 Necturus sp.)

1 unidentified salamander
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Table 3 Continued.

Taxonomic Category Number o f Taxa

CUSS

Amphibia

ORDER

Anura Bufonidae (4 Bufo sp.)

Hylidae (1 Acris sp.)

Ranidae (2 Rana clamitans. 2 Rana utricularia.

2 Rana sp. [1 larva])

3 unidentified frogs (all larvae)

CUSS

Reptilia

ORDER

Squamata

SUBORDER

Lacertilia Scincidae (1 Eumeces sp.. 1 Scincella lateralis)

Serpentes Colubridae (T Nerodia sipedon)

1 unidentified snake

Overall, fishes were the most abundant prey o f N. sipedon. Fifty-one o f the 79 

fishes in the gut contents o f  N. sipedon were identified to genus or species and collectively 

belonged to seven families (28 fishes were not identifiable to the family level), with 

cyprinids comprising 67% o f the fishes that could be identified to family, followed in 

abundance by Ictaluridae, Centrarchidae and Percidae, Petromyzontidae (both individuals
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of which were larvae), and Fundulidae and Poeciiiidae (Table 4). The family Cyprinidae 

was represented by at least four genera and species; o f fishes that could be identified to 

genus or species, most were shiners (Notropis spp.; including seven individuals) or 

blacktail shiners (Cvprinella venusta: including five individuals) (Table 4). Catfishes 

(family Ictaluridae) were the most abundant fishes (including six individuals) other than 

cyprinids (Table 4).

Table 4 Fish taxa consumed by Nerodia sipedon. Twenty-eight fishes (including

one larva) could not be assigned to family and thus are not included in the 

table.

Family Number o f  Taxa Within Family

Centrarchidae

Cyprinidae

Fundulidae

Ictaluridae

Percidae

Petromyzontidae

Poeciiiidae

1 Lepomis marginatus. 1 Pomoxis sp.. 1 unidentified centrarchid 

S Cvprinella venusta. 1 Macrhvbopsis sp.. 1 Notropis bailevi.

1 Notropis longirostris. 5 Notropis sp.. 2 Pimephales sp..

20 unidentified cyprinids

1 Fundulus olivaceus

2 Noturus sp.. 4 unidentified ictalurids

1 Etheostoma sp.. 1 Percina sp.. 1 unidentified percid

2 unidentified petromyzontids (both larvae)

1 Gambusia sp.

In comparing the prey items obtained between small (Figure 12) and large (Figure 

13) individuals o f A. piscivorus. only small snakes contained non-insect invertebrates (a
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crustacean and a mollusc). Small snakes contained a higher abundance o f  lizards (32% o f 

all prey items) than did large snakes (4%). However, small snakes contained a lower 

abundance o f fishes (26% o f all prey items) than did large snakes (S4%), and only the 

latter size class contained turtles (4%). Small and large snakes contained a comparable 

abundance o f insects, salamanders, frogs, other snakes, and mammals.

mollusc (n = 1) crust (n = 1)

fishes (n = 18) 
26%

frogs (n = 10) 
15%

Figure 12 Prey items obtained from small Agkistrodon piscivorus (SVL < 50 

cm; N = 54 snakes with food). The number o f individuals identified 

to a prey type is given in parentheses, followed by the percentage 

that those individuals constitute out o f the total number o f 

individuals o f  all prey types combined, crust. = crustacean; mamm. 

= mammals; sala. = salamanders
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Figure 13 Prey items obtained from large Agkistrodon piscivorus (SVL > 50 

cm; N = 55 snakes with food). See Figure 12 for explanation o f 

numbers, percentages, and abbreviations.

In comparing the prey items obtained between small (Figure 14) and large (Figure 

15) individuals o f  N. sipedon. only small snakes contained invertebrates (insects, a 

crustacean, and a worm). Small snakes contained a higher abundance o f salamanders 

(14% of all prey items) and frogs (19%) than did large snakes (3% salamanders and 4% 

frogs). However, small snakes contained a lower abundance o f fishes (52% o f all prey 

items) than did large snakes (84%), and only the larger snakes contained lizards (3%). 

Small and large snakes each contained one snake.
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Figure 14

Figure 15

worm (n ■ 1)

crust (n ■ 1) 
2%

fishes (n » 22) 
52%

Prey items obtained from small Nerodia sipedon (S VL < 50 cm; N 

= 42 snakes with food). See Figure 12 for explanation o f  numbers, 

percentages, and abbreviations.

lizards (n = 2)
snake (n =1) 

1%
3%

frogs (n = 6) 
9% 1

> (n = 2) /
3%

fishes (n 3  57) 
84%

Prey items obtained from large Nerodia sipedon (SVL > 50 cm; N 

= 40 snakes with food). See Figure 12 for explanation o f  numbers, 

percentages, and abbreviations.
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Levin’s index o f niche breadth indicated that small individuals o f  A. piscivorus had 

the largest food niche breadth (for all food items and for fishes only), whereas large 

individuals o f  N. sipedon had the smallest food niche breadth (Table S). The large food 

niche breadth o f  small individuals o f A. piscivorus was due primarily to the lack o f  any one 

prey type as a large component in their diet (Figure 13). The low food niche breadth o f 

large individuals o f  N. sipedon was due primarily to the extremely large fish component 

(comprising 84% o f  all food items) in their diet (Figure IS). Within each size class and 

species o f snake, niche breadths o f all food items and o f fishes only were similar (Table 5).

Table 5 Levin’s index o f niche breadth values for comparing within diets o f small 

(SVL < 50 cm) and large (SVL > 50 cm SVL) Agkistrodon piscivorus and 

Nerodia sipedon.

size class and species Levin’s index o f niche breadth 

(all food items, fishes only)

small A. piscivorus 0.72,0.94

larue A. piscivorus 0.33,0.39

small N. sipedon 0.62,0.54

large N. sipedon 0.28,0.34

Morisita’s index o f overlap indicated that the largest degree of dietary overlap was 

between large individuals o f A. piscivorus and N. sipedon (all food items) and between 

small and large individuals o f N. sipedon had (fishes only), whereas small individuals o f  A.
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piscivorus and N. sipedon had the lowest degree o f dietary overlap (for all food items and 

for fishes only) (Table 6). The large degree of dietary overlap between small and large 

individuals o f N. sipedon was due in part to snakes o f  both size classes having a primarily 

piscivorous diet (Figures 14, IS). The relatively lower degree o f  dietary overlap between 

small individuals o f A. piscivorus and N. sipedon was due in part to the former snakes 

including a relatively large lizard component (comprising 32% o f  all food items) in their 

diet (Figure 12), and the latter including a relatively large fish component (comprising 

52% o f all food items) (Figure 14). Nonetheless, the degree o f  dietary overlap between 

small individuals o f A. piscivorus and N. sipedon was moderately high when all food items 

from these snakes were included in the analysis (Table 6). Indices o f overlap o f all food 

items were much higher than those o f  only fishes for three o f the four comparisons: 1) 

small and large individuals o f A. piscivorus. 2) small individuals o f A. piscivorus and N. 

sipedon. and 3) large individuals o f A. piscivorus and N. sipedon. whereas the overlap of 

all food items was similar to that o f fishes for small and large individuals o f N. sipedon 

(Table 6).
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Table 6 Morisita’s index o f overlap values for comparing between diets o f  small

(SVL < 50 cm) and large (SVL > 50 cm SVL) Agkistrodon piscivorus and 

Nerodia sipedon.

size class and species Morisita’s index o f  overlap

(all food items, fishes only)

small / large A. piscivorus 0.71,0.38

small A. piscivorus / N. sipedon 0.68, 0.15

large A. piscivorus / N. sipedon 0.92, 0.36

small /  large N. sipedon 0.87, 1.04

The olfaction experiment indicated that a significantly higher number o f neonatal 

N. sipedon from areas cohabited (= sympatric) and not cohabited (= allopatric) by A. 

piscivorus selected the odorless arm over the odorous arm (sympatric neonates: %2 = 

6.40, d f  = 1, P = 0.01; allopatric neonates: x2 = 6 40, df = 1, P = 0.01; Figure 16). A 

significantly higher number o f  adult N. sipedon from areas not cohabited by A. piscivorus 

selected the odorless arm over the odorous arm (allopatric adults: %2 = 6.40, d f  = 1, P = 

0.01; Figure 16). There was no significant difference between the number o f  adult N. 

sipedon from areas cohabited by A. piscivorus that selected the odorless versus the 

odorous arm (Figure 16). The lack o f  statistical significance in this case may have been 

due to a low sample size because eight adult N. sipedon from areas cohabited by A. 

piscivorus selected the odorless arm, compared to only two individuals that selected the 

odorous arm (Figure 16).
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sympatric allopatric sympatric allopatric 
w/Ap. w/A p. w/Ap. w/Ap.

neonates adults

■odorless arm 
■odorous arm

Snake Origin

Figure 16 Number o f neonatal and adult Nerodia sipedon sympatric with or 

allopatric to Agkistrodon piscivorus (A. p.) that selected the 

odorless and odorous arms in a Y-maze. The odorous arm

contained the odor o f A. piscivorus.

Discussion

Based on the prey items obtained from the dissections, it appears that A. 

piscivorus is not a major predator o f  N. sipedon. However, it also appears that neonates 

and adults o f N. sipedon. regardless o f whether they cohabit areas with A. piscivorus. 

perceive A. piscivorus as a predator through detection o f its odor and avoid areas that 

contain such odors. This behavior may account for the absence o f  N. sipedon as a prey 

item in A. piscivorus. In addition, A. piscivorus appears to undergo an ontogenetic shift in 

diet from generalism to piscivory, whereas N. sipedon remains primarily piscivorous 

throughout life. Nonetheless, the degree o f food overlap (of all food items) was relatively
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high within species o f snake (o f different size classes) and between species of snakes (of 

the same size class), and thus intra- and/or interspecific competition for food may 

potentially occur.

The moderate abundance and diversity o f snakes as prey items o f A. piscivorus 

indicate that ophiophagy is not an uncommon phenomenon in this species, nor is it 

“directed” towards any particular species. Yet, due to the relatively small percentage that 

snakes (as with all other prey types except fishes and lizards) comprised o f the total prey 

items, A. piscivorus (particularly small individuals) was generalized in its feeding habits. 

Perhaps more surprising was the presence o f a conspecific as a prey item o f N. sipedon. 

Because both o f these snakes were neonates and the individual that had consumed the 

conspecific also contained the remains o f  a frog, it is possible that both snakes secured and 

began consuming the frog simultaneously until one snake proceeded to overpower and 

consume the other. In the other instance o f apparent ophiophagy by N. sipedon, a patch 

o f snake skin was found in the stomach o f the dissected snake. This event may have 

resulted from the dissected snake inadvertently consuming a piece o f its own skin while 

sloughing, although this would seem unlikely.

Although only one instance o f cannibalism was observed in 359 dissections o f A. 

piscivorus. during the drought o f 2000, fecal samples were collected and examined from 

five specimens o f  A. piscivorus that had been collected in small, ephemeral creeks draining 

into Beaverdam Creek (Forrest County, Mississippi). Three of the five fecal samples 

contained snake teeth. Although the identity o f the teeth could not be further ascertained,

A. piscivorus is the most abundant snake encountered in these creeks, followed by N. 

sipedon (pers. obs ). Thus, during times o f environmental stress, the former species may
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be more prone to cannibalism (e.g., Smith and List, 1955) and/or consuming the latter. 

Such predatory behavior by A. piscivorus adds credence to the results o f  the olfaction 

experiment (N. sipedon perceives A. piscivorus as a potential predator through detection 

o f its odor and avoid areas that contain such odors).

Because 18 o f  20 neonates o f N. sipedon. as well as nine o f 10 adults that did not 

coexist with A. piscivorus. avoided the Y-maze arm that contained the odor o f  the latter 

species, it appears that the negative reaction to a novel odor is o f  innate (genetic) origin. 

Some o f the snakes obtained from the dissected specimens o f  A. piscivorus were 

approximately the same size as adults o f  N. sipedon. Thus, innate avoidance o f chemical 

cues o f  A piscivorus by N. sipedon may be beneficial to N. sipedon o f all sizes. 

Interestingly, neonatal N. sipedon are attracted to substrates that have been soiled by 

conspecifics (Scudder et al., 1980), and thus this species can distinguish between the 

odors o f ophiophagous and (normally) non-ophiophagous snakes. By contrast, adults of 

N. rhombifer avoid the odors o f conspecifics (Porter and Czaplicki, 1974). These 

contradictory findings may be due to neonates utilizing the odors as cues for locating safe 

and suitable habitats, whereas these odors may represent potential competitors to adult 

snakes (Scudder et al., 1980). Moreover, the relatively high Morisita’s index o f overlap 

values (for all food items) indicate that snakes may potentially compete for food if it is 

limited.

Additional olfactory tests using a maze design could be conducted in which N. 

sipedon was offered an arm containing the scent o f a non-predatory source (e.g., 

perfume), in addition to an odorless arm and an arm containing the odor o f  A. piscivorus 

If significantly more snakes selected the odorless arm over the arms containing the
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“odors” o f perfume and o f  A. piscivorus. then N. sipedon may avoid odors regardless o f 

the source. However, if significantly more snakes avoided only the arm containing the 

odor o f A. piscivorus. then N. sipedon may indeed “recognize” A. piscivorus as a potential 

competitor and/or predator. To test the ability o f N. sipedon to distinguish the odor o f 

different species o f snakes, N. sipedon could be offered arms containing the odor o f 1) a 

heterospecific snake that is not a potential threat, 2) A. piscivorus. and 3) a heterospecific 

snake (other than A. piscivorus) that is a potential and/or predatory threat (e.g., 

kingsnake, fLampropeltis getuhis]).

The large lizard component in the diet o f  small individuals o f A. piscivorus 

indicates that young snakes forage at least part o f the time on land, and perhaps away 

from the water’s edge (or that lizards occur near water). Terrestrial foraging by young 

individuals o f A. piscivorus may serve several purposes: 1) lessening intraspecific 

competition for food with other juveniles and adults, 2) lessening the threat o f cannibalism 

by adults, 3) lessening interspecific competition for food with juveniles o f  N. sipedon. and 

4) adding diversity to the diet. The light-colored tail tip o f juvenile A. piscivorus and 

other viperids, which generally darkens in subadults to match the remainder o f  the body 

coloration, is twitched to attract small terrestrial prey, particularly frogs and lizards 

(reviewed by Heatwole and Davison, 1976). Therefore, it appears that juveniles o f A. 

piscivorus are morphologically specialized to exploit a food source that is not as 

frequently utilized by the adults.

The greater abundance o f N. sipedon in larger water bodies in this area may imply 

that it is competitively superior to A. piscivorus in these habitats. However, A. piscivorus 

is a top predator in freshwater communities and, due to its euryphagic diet, does not
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appear to be limited by the availability o f food (Burkett, 1966). Thus, the absence o f  A. 

piscivorus from larger water bodies may simply be due to specific habitat preferences, 

rather than competitive interactions with N. sipedon. Agkistrodon piscivorus has been 

stated to prefer “shaded, moist areas either in or beside shallow waters...” (Burkett, 1966) 

and in southern Louisiana it was abundant only in areas containing a dense overstory o f  

hardwood trees (Kofron, 1977). Based on my own observations, the same habitat 

preferences appear to be maintained by A. piscivorus in this area as well.

Although N. sipedon was not found in any o f  the specimens o f A. piscivorus 

examined during this study, the potential importance o f N. sipedon or other species o f 

Nerodia as prey o f other predators may still be considerable. For example, 19.S% o f  the 

448 specimens o f N. rhombifer captured in southern Louisiana had fresh or recent wounds 

(Mushinsky and Miller, 1993) and 18.3% of all individuals (sample size not specified) 

captured in Oklahoma had stub-tails (Preston, 1970); all injuries were the apparent result 

o f predation attempts upon snakes. Moreover, the neonates and juveniles o f species o f  

Nerodia are known to be preyed upon by large frogs (Tennant and Bartlett, 2000), birds 

(Rushing, pers. comm ), and perhaps turtles (Diener, 1957) and mammals (Klimstra,

1958). Thus, mortality o f young snakes especially may be high because direct 

observations o f predation are ofien difficult to observe.

Mushinsky and Miller (1993) suggested that the high vulnerability o f young snakes 

to predation may be a driving force in snake evolution for the following reasons: 1)

“young individuals forage on different prey than [do] larger conspecifics” (which may 

reduce the risk o f  predation on young snakes), 2) the “young of species that are uniformly 

colored as adults ofien do not resemble their parents” (although this does not apply to N.
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sipedon or N. rhombifer. which are strongly patterned at all size classes), 3) “relative to 

SVL, head width and length (elements associated with foraging capabilities) are greater in 

smaller individuals than [in] larger conspecifics”, and 4) “relative to SVL, smaller 

individuals forage on larger prey (by mass) than [do] conspecific adults” . Therefore, the 

habits of young snakes are often radically different from those o f adult conspecifics, due at 

least in part to high predation pressure. This probably accounts for some o f the 

differences in dietary compositions of small and large individuals o f N. sipedon and A. 

piscivorus.
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