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ABSTRACT

THE EFFECTS OF HABITAT COMPLEXITY ON THE FO.RAGING 

ABILITY OF THE CHECKERED GARTER SNAKE, 

THAMNOPHIS MARCIANUS MARCIANUS.

(BAIRD AND GIRARD)

Publication No.

Tifiany Dean Bryant, M.S.

The University of Texas at Arlington, 2004

Supervising Professor; Daniel R. Formanowicz

A predator depends on its ability to capture prey in order to survive and 

reproduce in the environment in which it lives. The checkered garter snake, 

(Thamnophis marcianus marcianus) like many other species of Thamnophis. is found in 

a variety of habitats and must be able to succeed at this task. Garter snakes have been 

popular in laboratory studies but to date there have been no studies that have addressed 

this snake’s ability to forage in varying habitats. This is an important aspect of this 

species’ life history. In order to fully understand this species, projects such as this one

are needed to fill the gaps in our knowledge. To accomplish this, twelve snakes were

v
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each be exposed to four different habitats: Astroturf, bare soil, leaf litter, and a 

combination of leaf litter and brush. The time it takes to acquire the prey was recorded 

and used to determine which level of complexity best suits this species. Tt was 

expected, as in many studies dealing with complexity, that the optimal habitat would be 

one with an intermediate level of complexity. This information can be applied to future 

studies of other generalist species such as the garter snake. Also, the data obtained in 

this investigation could be used in constructing habitat simulations in both captive 

conditions (i.e. zoological settings) or in laboratory experiments in order to create a 

beneficial environment for that animal to reside. That is why studies such as this one 

are important to the advancement of biological sciences.
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CHAPTER 1 

INTRODUCTION

1.1 Habitat Complexity'

Assessing the complexity of a habitat and how the organisms inhabiting that 

habitat interact with it is key to understanding the natural world. Many researchers 

have addressed this relationship. Habitats can be horizontally complex (heterogeneity), 

vertically complex (usually termed complexity), or a combination of both (August 

1983). Many times these terms tend to be used interchangeably since many habitats ai’e 

composed of both types of structure. Herein, the term, complexity will represent both 

aspects since the habitat simulations (described later) used in this study constitute a 

change on both planes.

Habitat structure has been shown to influence both the behavioral and 

physiological mechanisms of animals (McGaw 2001), For example, some spiders need 

adequate structure for web support. If this support is absent a web cannot be built and 

the spider must change locations (McNett and Rypstra 2000). Some species prefer 

structurally simple habitats while others depend on extremely complex habitats for 

survival (Buddie 2001; Metzgar 1980), Complexit)' can also dictate how;' well an 

individual can defend its territory or advertise for mates (Metzgar 1980).
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1.1.1 Simple vs. Complex

How structurally complex a habitat is can determine what type of species and 

the number o f different species that inhabit an area (Scott 1976). Generally, simple 

habitats such as deserts and grasslands have fewer species than complex habitats such 

as coral reefs and forests (Meffe et al. 1997). This usually is the result of more complex 

habitats having more potential niches for animals to exploit (Klopfer and MacArthur 

1960). But there may be a limit on the amount of complexity organisms can tolerate 

since extremely complex habitats can have adverse effects. In some cases an increase 

in complexity can increase predation and disturbance effects on certain species 

(Gosselin and Bourget 1989). In Addition, different species require different levels of 

complexity. With some species the more complex the habitat the higher the abundance 

of that species (Jenkins et al. 2002; Duffey 1968). But with other species lower levels 

of complexity are more beneficial. For example, Roth (1976) found that with birds, 

shrubiands contain more species when compared to grasslands and forests. Many 

organisms are sensitive to even the smallest changes in habitat structure and complexity 

(Whitmore et al. 2002). These changes are usually linked to the complexity of the local 

vegetation. McNett and Rypstra (2002) suggest that spiders will react more to changes 

in vegetation structure than other factors such as competitive interactions. Even small- 

scale changes in complexity can impede or aid in a species’ survival (Gosselin and 

Bourget 1989). So the optimal level of complexity for that specific species, whether 

simple or complex, is needed for the species to successfully survive in the habitat. This
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is true whether the organisms actively hunt, sit and wait, or use the habitat structure for 

some other feeding or behaYioral purpose (Buddie 2001; Cody 1968).

1.1.2 Predation and Complexity

The long term stability of predator-prey interactions can be influenced by habitat 

complexity (Crowder and Cooper 1982). Prey and predator species may respond 

differently to complexity. Crowder and Cooper (1982) suggest that the structural 

complexity of a habitat can reduce predatory efficiency. This may cause predators to 

use more energy to catch prey and have a lower capture success. The encounter rates 

with prey may be lower in more complex habitats (Mittiebach 1981). This may benefit 

the prey species. Some prey species such as tadpoles and crabs experience higher 

overall survival rates and lower predator related mortality in highly complex 

environments (Tarr and Babbitt 2002; McGaw 2001; Fernandez et al. 1993). 

Vegetation is usually the key element in complexity. But even the texture of sediments 

may constitute a complexity effect with a high degree of texture (sand vs. mud) 

resulting in the same effect as increasing habitat complexity in vegetation. Lipcius and 

Hines (1986) found that clams had higher survival rates in sand, the more complex 

habitat, than in mud. The lower mortality rates due to predation in these studies 

correspond to Crowder and Cooper’s (1982) results. Some species will stay in complex 

environments even if a predator is present (Fraser and Cerri 1982; Brown and 

Warburton 1997). Apparently complex areas are still attractive to some species even if 

predators are loiown to inhabit the same area. In some cases habitat complexity may 

not directly affect prey survival but may increase predator selectivity relative to prey
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size (Nystrom and Perez 1998). With certain complexity levels predators will 

concentrate on smaller prey rather than larger prey or vice versa (Nystrom and Perez 

1998).

1.1.3 Reptile Studies

Only a handful of studies have addressed habitat complexity and how it 

influences the live history of reptiles. Structural complexity of an enworiment is 

important since many species of reptiles may stay in small home ranges depending on 

the season and may move very little (Zug et al. 2001). Turtles will expand their home 

ranges to utilize the benefits of habitat complexity (Longepierre et at. 2001). The 

expansion of home range enables the turtles to incorporate different vegetation types for 

feeding. Predators, like snakes, do not need to increase home range size for a variety of 

plant life for food but they may still have large home ranges. Complexity will have a 

more drastic effect on them since their prey may hide in the layers of vegetation. 

Mullin and Cooper (2000) found that rat snakes do not forage well in highly complex 

environments. Additional layers of complexity make searching prey more difficult.

Habitat complexity also means cover for many reptiles. Cover Is an important 

aspect of a reptile’s environment. Basking areas and shaded regions are needed for 

ectotherms since they need to regulate their body temperature. Cover also means safety 

to not just reptiles but many other animals. Theodoratus and Chiszar (2000) found that 

rattlesnakes stay in areas of dense foliage to protect themselves from terrestrial and 

aerial predators. Even if the scent of prey is not present the snakes still stayed in the 

complex areas. Other animal groups have been found to stay in complex areas  ̂even'if
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predators are present and prey is absent (Fraser and Cerri 1982; Broi.¥ii and Warburton 

1997). These results seem to be the case with reptiles such as the rattlesnakes and may 

be found in other groups.

1.2 Natural History

1.2.1. Description

The species used in this study is one of three recognized subspecies of 

Thamnophis marcianus. Thamnophis marcianus marcianus range from 45.7 to 61.0 cm 

long with the record for this species being 107.9 cm (Werler and Dixon 2000; Conant 

and Collins 1998). According to Rossman et al. (1996), this species is a relativeJy long 

species when compared to other garter snakes. The ground color of this species ranges 

from yellow to dark gray while many individuals tend to be tan or olive/gray and al! 

animals have white skin between the dorsal scales (Werler and Dixon 2000; Rossman et 

al. 1996). It has a black checkerboard pattern on its dorsal side between its lateral and 

vertebral stripes (Rossman et al. 1996). The vertebral stripe is light colored and is 

usually only a scale width but this stripe can extend less than half of each adjacent 

paravertebral row in this species (Rossman et at. 1996). The ventral surface of this 

snake is plain and cream colored (Rossman et al. 1996) but Werler and Dixon (2000) 

state that some specimens can possess small dark spots on the outer edge of each ventral 

scale. The top of the head is usually the same color as the ground color of the snake 

with tiny spot(s) in the center (Werler and Dixon 2000). The labial scales may have a 

striped appearance since the white or cream-colored scales have black edges (Werler 

and Dixon 2000).
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Thamnophis contains both sexually dimorphic and inonomorpMc species and 

Thamnophis marcianus marcianus is considered sexually dimorphic with females being 

larger. This is true for many of the dimorphic species of Thamnophis (Shine et al. 

2000; Forsman and Shine 1997). The males tend to have longer tails, but the females 

have larger body mass, longer snout to vent length, and larger heads (Rossman et al. 

1996; Shine 1991; Seigel et al. 2000). Shine (1991) hypothesized that the larger head 

may enable the females to take larger prey and allow them to increase their reproductive 

output. An animal’s relationship to the other species in its genus is often used in its 

description so that people can better understand the aspects of that species. Based on 

the morphological aspects of this species and its ability to interbreed, this snake has 

been placed in several different locations within the Thamnophis phylogeiiy (Rossmaii 

et al. 1996). Recent studies using DNA sequencing place this species in a-clade with 

Thamnophis eques (de Queiroz and Law^son 1994; de Queiroz et al. 2002). This means 

that these species are more closely related to each other than to other Thamnophis 

species. Other authors have had similar results with this species’ placement (Alfaro and 

Arnold 2001). This placement corresponds with some of the physiological and 

morphological evidence that is frequently used to show relationships (Seigel et al. 

2000).

1.2.2. Distribution and Habitat

Thamnophis marcianus marcianus are found from southwest Kansas south to 

northern Mexico and west to extreme southeast California (Rossman et al. 1996). This 

southerly distribution is cited as a reason why little research has been conducted on this
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species (Seigel et al. 2000). The lack of detailed studies is evident when trying to 

describe this snake’s habitat requirements. This snake is found in arid grasslands and 

deserts throughout its range but usually it is close to a w^ater source of some kind 

(Rossman et al. 1996). The plant life in the regions in which it is found varies 

dramatically. It can be found in dry, dense grasslands, in tiiick savannahs, or in desert 

areas surrounded by cacti (Werler and Dixon 2000). There have been no studies to 

determine if there is an optimal habitat that exists for this species or a preferred habitat 

type. One thing that remains constant is the elevation preference. This snake is not 

found in areas above 3000 ft or 912 m (Werler and Dixon 2000). Like all garter snakes, 

this species is normally found near water. Depending on its location this species may 

be semi-aquatic or mostly terrestrial (Rossman et al. 1996). Thamnophis marcianus 

marcianus tend to be attracted to sources of water whether it is permanent streams or 

temporary sources such as irrigation ditches and rain puddles (Burt 1935; Rossman et 

al. 1996).

1.2.3. Feeding and Behavior

Like with many species of Thamnophis. checkered garter snakes are considered 

to be generalists in their feeding habits. This is one of many species that are known to 

feed on land as well as in the water (de Queiroz et al. 2002). Adult Thamnophis 

marcianus marcianus feed mainly on anurans and salamanders. Identifiable species 

found in the stomach contents include species of Rana. species of Scaphiopus. species 

of Bufo. and species of Pseudacris (Ford and Seigel 1989; Marr 1944; Woodward 

1983). During breeding sessions large numbers of adult toad and frogs gather and

7
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become easy targets. Plus when tadpoles hatch they continue to feed the snakes. Large 

numbers of emerging toadlets also provide a large food source. Other sources of food 

include earthworms, fish, slugs, lizards, and manimals (Kauffeld 1943; Werler and 

Dixon 2000; Rossman et al. 1996). In captivity, R  Ik  marcianus readily consume dead 

prey like chopped fish and earthworms and can also be trained to eat mice (Kauffeld 

1943; Rossman et al. 1996).

Food choices can change overtime for this species. Many studies have been 

conducted to determine shifts in prey items in snakes. This change may occur since 

larger snakes can take larger prey (Mushinsky et al. 1982). Lind and Welsh (1994) 

suggest that this change also can be caused by lack of handling experience, thus 

younger snakes take smaller prey that it can subdue with great ease. With checkered 

garter snakes juveniles usually consume more earthworms and shift to anurans with age 

(Rossman et al. 1996).

It has been determined that in Thamnophis species both olfaction and vision are 

important in detection, finding, and consuming prey (Terrick et al. 1995; Cinelli et al. 

2002; de Queiroz 2003). The vomeronasal system can be used to follow prey extracts 

as well as pheromones while the olfactory system detects air-bome odorants and 

volatile chemicals (Marti'nez-Marcos et al. 2002 and Lanuza and Halpem 1997). Vision 

becomes important when the snake gets within striking range of the prey item since they 

have to see the prey’s location to successfully capture it (de Queiroz 2003). In many 

cases, visual cues may aid garter snakes to associate smells with types of food (Terrick 

et al. 1995). Even though vision is important for prey capture it is the chemical signals

8

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



that the vomeronasal system receives that initiates hunting (Teather 1991). Without its 

chemosensory ability the garter snake would never find food even if it could see the 

prey in its path.

Activity and behavior of this species in the wild has not been extensively 

studied. Based on collection records and observations it has been determined that the 

checkered garter snake is active from February until November (Rossman et al. 1996). 

When not active, Werler and Dixon (2000) state that this species tend to hibernate in 

animal burrows or deep crevices. Seigel et al. (2000) found that this species can be 

active both during the day and night. In warm regions, this species can be primarily 

nocturnal while at other times of the year or under different conditions they can be 

primarily diumal (Ford and Seigel 1989; Rossman et al. 1996). Foraging is most often 

observed along the water’s edge or actually in the water (Seigel et al. 2000; Rossman et 

al. 1996). Predation rates or specific predators have not been recorded but in general 

garter snake predators include birds, coyotes, raccoons, or any carnivore that occurs 

within its range (Carpenter 1955).

Life history traits and behavior can be altered by the environment in which this 

species is found. According to Ford and Seigel (1989) life history plasticity can be 

effected by changes in resource levels. The degree of plasticity can vary among . 

populations, especially within T. nr marcianus populations, across the U.S. distribution 

since the habitats change in different regions (Seigel and Ford 2001). If the habitat that 

an animal inhabits is extremely complex or simple finding prey could be difficult. Even 

if prey are abundant, but hard to find, it could be perceived by the predator as a being at
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a low resource level. Specificaily for T\ m. marcianus the amount of food can effect 

clutch size and the size of the offspring (Ford and Seigei 1989; Seigel and Ford 1992). 

If the snake cannot find food, not only could it perish but its reproductive output along 

with its other life history traits could be changed.

1.3 Species Selection 

Many physiological studies have been conducted on various species of garter 

snakes (Cinelli et al. 2002; Anderson et at. 2000; Lanuza and Halpem 1997). 

Unfortunately, studies to assess the garter snake’s ability to successfully forage in 

increasingly complex habitats have not been conducted. Many of the studies addressing 

habitat complexity have focused on marine and fishery systems (Lipcius and Hines 

1986; Nystrom and Perez 1998; Fraser and Cerri 1982). The only detailed experiment 

dealing with a reptile’s foraging ability in varying habitat complexities focused on the 

gray rat snake (Elaphe obsoleta spiloides) in hunting for arboreal prey through dense 

shrubbery and trees (Mullin and Cooper 2000). Though this study supplies some 

insight to reptilian behavior, as mentioned above, different animals have different 

complexity requirements. Since the majority of the subjects tested by other researchers 

were aquatic, the results found in those studies cannot necessarily be applied to this 

terrestrial species (Gosselin and Bourget 1989; Jenkins et al. 2002; McGaw 2001). The 

results and reactions from the aquatic organisms provide a basis for comparative studies 

of terrestrial foragers. This study has the potential to determine the optimal habitat 

complexity for this species and the ideal complexity for successful prey acquisition.

10
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Once an organism’s relationship with its habitat is established the data can 

influence many actions and studies. If a habitat type is determined to be important, 

policies and land management plans could be implemented by state and federal agencies 

to protect that habitat type. The degree of complexity that the species can withstand can 

be controlled for in the habitats and areas that meet this requirement can be spared to 

ensure the survival of this species in the wild.

Thamnophis marcianus marcianus is ideal for this type of study. Most of the 

laboratory and field studies dealing with this species have focused on aspects of 

reproduction (Seigel et al. 2000; Seigel and Ford 2001, 1992; Ford and Seigel 1989). 

Habitat data are greatly needed for this species of garter snake, as well as many others. 

This will also add new information to the body of work concerning this species. 

Rossman et al. (1996) remarked that Thamnophis marcianus marcianus is one of the 

easiest species of garter snakes to keep in captivity. When maintaining live specimens 

it is important that captivity does not produce too much stress for the animal. Many 

individuals held in captivity become accustomed to human exposure and handling plus, 

they rarely bite (Rossman et al. 1996). This is important to ensure the safety of the 

animal, so they do not injure themselves, and this also ensures the safety for the 

researcher handling them. Numerous researchers prefer to use generalist species in 

research since feeding is not as difficult as it would be for a specialist. This is true of 

the checkered garter snake. Individuals eat a variety of prey and consume convenient 

food items such as chopped fish or earthworms (Kauffeld 1943). Some larger 

individuals can even be trained to take mice or dead prey (Rossman et al. 1996). These

11
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examples show how we!! the snakes adjust to living in captivity and appear to feed 

normally. All of these traits make this species appealing to work with in the laboratory.

Young snakes were used because some sources, e.g. de Queiroz 2003, suggest 

using naive or newborn snakes for behavioral testing. This is logical since they have 

not been influenced by previous hunting experience. A large number of neonate snakes 

were available to use from the Ophidian Research Colony at the University of Texas at 

Tyler. Using captive bom animals also has its benefits. This will ensure that the 

subjects have the same degree of experience for the experiment. They are all the same 

age and since they come from the same litter there are no large genetic differences like 

those that could possibly occur between populations. Amold (1981a and 1981b) found 

that populations of Thamnophis. even if they are the same species, can have quite 

different ecological needs and foraging requirements. Also, since they are bom in 

captivity they are used to being handled by researchers and are already trained to eat 

chopped fish. This reduces the stress and the chance that they will reject the food 

source. This also enables testing to start sooner than if wild snakes were used and had 

to become accustomed to laboratory conditions and prey choices. Thus, young captive 

bom snakes were chosen as subjects for this project.

12
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CHAPTER 2 

METHODS AND MATERIALS

2.1 Snake Housing and ConditioD.s 

The individuals used in this study were obtained from the C3phidian Research 

Colony (University of Texas at Tyler.) The snakes were littermates and w'ere bom in 

late August of 2003. Thus at the beginning of testing the snakes were approximately 

two and a half to almost three months old. Fourteen snakes were obtained but hvo did 

not survive. Both died before being tested and did not effect the results.

The snakes were housed individually in plexiglass containers with screened lids. 

The containers measured 51 cm x 25 cm x 32 cm and were divided in half with a piece 

of cardboard. This was done so two snakes could be kept in one aquarium but still 

remain separate. Each snake’s number was placed on the aquarium to ensure that 

proper records could be kept for each animal. Each cage was lined with paper towels to 

provide cover. Since it was a substrate not used in the experiment, paper towels were 

appropriate and should have not affected test outcomes. Snakes had access to unlimited 

water. Garter snakes are susceptible to water blisters, so babyfood jars were used for 

water containers (Rossman et al. 1996).

The laboratory temperature ranged from 25“ to 28°C. Heat lamps were focused 

on the cages between 7:00 am and noon. The four hour extra heating period was held at 

this time since feeding and testing was done in the morning. Additional heating was

13
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also provided by space heaters. The room was kept on a 14:10 hour !iglit:dark 

photoperiod.

2.2. Habitat Simulations 

Trials were conducted in 214 cm by 82 cm cardboard shipping boxes secured to 

the floor using silicon caulk to prevent snalces from escaping. For each trial. Astroturf 

was used to line the boxes. The Astroturf was secured to the cement floor using double 

stick tape. The lining in each box was replaced along with the substrate after each test 

to prevent contamination or influence on other snakes. Four different habitat 

simulations were used in this project. Each habitat simulation represented a level of 

complexity to be tested. Of the three natural simulations bare soil represented the 

simplest habitat. The soil used for this study was Garden Plus All Purpose Topsoil 

packaged in 18.1 kg bags. The entire contents of-each bag were used to cover the floor 

of each box for each trial. This soil was selected since it contained no added chemicals 

or fertilizers. The intermediate level of complexity was leaf litter. The leaf litter was 

composed of oak (Ouercus spps.) leaves collected from regions around the Arlington. 

The leaves were distributed along the bottom of the box to create an even layer that 

covered the Astroturf. The total amount of leaf litter in each box filled approximately 

one third of an 113L plastic trash bag and constituted about 2.26kg of material. The 

leaf litter represents what the animals may experience in lightly wooded areas of 

transitional habitats, in suburbia, or possibly in some grassland regions. The final 

natural simulation was brush and was the most complex habitat substrate tested in this 

study. The brush consisted of leaf litter as described above, plus branches and sticks.

14

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



The branches provided both vertical and horizontal components to the leaf litter. The 

limbs were of various sizes and used to simulate the type of conditions that may be 

encountered in forested regions. The bmsh material was collected along Jolmson Creek 

that runs just south of the University of Texas at Arlington campus. The fourth habitat 

served as the control. Astroturf was considered a control since it was used as the base 

substrate for all trials. This substrate has no complexity component so it would 

considered simple as well as artificial. The brand of Astroturf used ŵ as 6 x 20 Promo. 

The Astroturf used was composed of 100% weather resistant polypropylene.

2.3 Foraging Trials

Pieces of frozen shad, Dorosoma cepedianus. were used as prey items for this 

study. The pieces were about 1 cm in size and corresponded to the gape size of the 

young snakes. This prey was selected since this was the same food item that the snakes 

were accustomed to eating before this project was started. Keeping the prey familiar 

would allow immediate testing without the complication of a novel food item.

The snakes were kept on a strict feeding schedule during testing. They were fed 

twice a week while in the laboratory. The testing schedule coincided with the feeding 

schedule of the garter snakes. The snakes were tested in two groups so that half of the 

snakes were tested and half were fed in their cages. The individuals in the groups were 

kept constant throughout the testing period. When the snakes were not being tested, 

food was presented to them in their cage on the appropriate day. The food was placed 

on a petri dish in both the cages and the simulations. All testing elements were
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randomized. This included the daily testing order and the order of exposure to the 

simulations.

Three separate boxes were used and tiiree snakes were tested simultaneously. 

Each box was prepared with tlie proper habitat simulation for each snake for that day. 

The petri dish containing the fish was placed at one end of the box. The dish was 

centered 15 cm from the edge. This was done since snakes tend to edge search before 

they begin to actively forage. This placement was used to make sure the snakes found 

the prey while hunting not edge searching. The garter snake was placed at the opposite 

end of the box in a container for acclimation. Time started when the snake was released 

into the habitat. An observer watched out of view of the snake and recorded its 

activities such as time to reach the far end of the box and time to find and grab the prey. 

Since many of the individual snakes ran the trials multiple times because they did not 

successfully acquire prey, only the first times to reach the end of the box were used in 

the analyses. Other behaviors were recorded for later comparisons, such as head 

raising, speed of movement, and edge searching. Trials ended when the garter snake 

engaged and proceeded to consume the prey. If this did not occur by 60 minutes the 

trial was stopped and the snake was retested at a later time. If the snake ate or did not 

eat and needed to be retested this information was recorded. Every snake was tested 

until it successfully fed within each habitat simulation.

2.4 Statistical Analysis 

Statistical analysis was done using single classification ANOVA methods 

(Sokal and Rohif 1995). The corresponding values for significance were found in Rohlf
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and Sokal’s (1995) statistical tables. A model I ANOVA was used since the experiment 

was repeated for the individuals. Multiple comparisons were made using the T-method 

(Tuicey’s honestly significant difference mode!) (Sokal and Rohlf 1995). This step v/as 

used to make pairwise comparisons among habitat treatments. This test is also used to 

compare samples of equal sizes. ANOVA and T-method analyses were conducted for 

the time to capture prey as well as the time it took to reach the end of the box.
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CHAPTER 3 

RESULTS

3.1 Test Subject Vital Statistics 

The snakes used in the testing ranged in total length from 20 cm to 22.5 cm and 

in mass from 2.418 g to 3.47 g at the start of testing. The mean of the Avelve 

individuals was a length of 21 centimeters and a mass of 3.008 grams. There were six 

snakes with norma! coloration and six individuals that were albino. A table of all 

individual’s vital statistics is presented in table 3.1.

Table 3.1. Physical Properties of the Test Subjects
Snake Number Color Pattern Mass (g) Total Length (cm)

1 Albino 3.47 21.5

3 Albino 2.59 20

4 Norma! 3.39 22

5 Normal 2.42 20

6 Albino 3.38 22.5

7 Albino 3.41 22.5

8 Normal 2.77 21

9 Normal 2.76 20

10 Albino 2.89 20.5

11 Normal 2.81 21

12 Albino 3.28 21

14 Normal 2.94 20
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3.2 Time to Reach the End of the Experimental Chajnber 

The first of the analyses dealt with ho'w long it took for the test subjects to reach 

the end of the simulation chamber. This information can be used to show the snakes’ 

ability to move in the habitat simulation. Table 3.2 shows how long it took for the 

individuals to reach the end of the simulation. The times in this table are taken from the 

first trial in each simulation since some of the individuals only had to run the test once.

Table 3.2. Time to leach the End of the Simulation
Snake Number Astroturf Bare Soil Leaf Litter Brush

1 7:49 3:51 1:30 57:49
3 10:44 5:28 31:29 36:40
4 0:25 0:38 6:00 6:22
5 5:06 3:48 9:46 10:25
6 6:00 10:48 18:06 38:09
7 13:00 12:27 12:14 8:50
8 0:10 2:40 3:36 6:00
9 1:37 1:53 3:17 1:53
10 14:55 0:36 1:51 18:34
11 0:25 1:58 13:34 4:35
12 0:06 3:50 1:00 3:54
14 8:50 11:55 3:19 1:38

These data were converted into seconds. For the data used in this analysis, the 

expected F value for a = .05 was 2.8 based on the degrees of freedom. The F value for 

this ANOVA was 2.932, wfrich was highly significant when compared to the expected 

value. Once the ANOVA was completed the next step was to conduct the T-method 

analysis. Like the ANOVA the a value for this test was .05. The Q-value for this 

method was 3.764 and was used to find the minimum significant difference (MSD). 

The standard error of this test was 1.915 and the MSD was 7.2075. When compared
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with the MSD ali of the means are highly significantly different from each other. With 

this analysis snakes in bare soil had the fastest times of 299.33 and snakes in the brush 

simulation had the slowest time of 990.75. Table 3.3 shows the results of this T-method 

with a p  value of .05 and figure 3.1 represents the mean times of the snakes in each 

habitat.

Table 3.3. T~methoc Results for Times to Reach the End
Astroturf Bare Soil Leaf Litter Brush

Mean 345.58 299.33 528.5 990.75

Lower Limit 341.98 295.73 524.89 987.15

Upper Limit 349.19 302.94 532.11 994.35
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Astroturf Bare Soil Leaf Litter Brush

H abitat Sim ulations

Figure 3.1. Mean Times to Reach the End of the Simulation
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3.3 Time to Capture Prev 

The dates and times of successful feeding in the habitat simuiation are shown in 

table 3.4. The results are for all of the snakes except for number subject 14. This snake 

was excluded since it did not feed in any of the tests.

Table 3.4. Time to Capture Prey
Snake Number Astroturf Bare Soil Leaf Litter Brush

1 23:09 23:03 22:48  ̂ 5:33
3 45:42 20:26 11:33 46:06
4 3:45 41:52 8:50 2:04
5 42:30 19:42 10:52 2:36
6 5:44 30:10 2:45 21:40
7 48:47 4:20 4:36 6:34
8 18:54 44:02 4:20 6:45
9 49:42 11:01 24:15 15:02
10 31:14 35:09 9:51 28:27
11 5:45 3:04 24:36 14:28
12 4:26 0:27 1:10 5:00

For the feeding trials the F-distribution value for a = .05 was 2.84 and the value 

for a = .10 was 2.23. The value of F established by this ANOVA was 2.345. Though it 

is not highly significant this value is marginally significant since it is between the .05 

and .10 a values. The T-method was conducted on the data since a clear trend in the 

ability to hunt in the habitat was seen. It was clear’ that the snakes were affected by the 

habitat in which they were placed. A lack of significance at .05 was most likely due to 

the low numbers of testing subjects. With more subjects the results of the ANOVA will 

probably be found to be highly significant. The T-method results are presented in table
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3.7 and the a  value is .05. The mean times to capture the prey v/ere presented in figure 

3.2. Even though the ANOVA was only significant at .10 the means of the habitats 

were very different. The Q value was 3.791. The standard error of this test was 1.907 

and the MSD was 7.229. As with the time to reach the end, the MSD was used to 

compare the simulations and they were all significantly different. This "was obvious 

since none of the means and limits overlap. As seen in other habitat complexity studies 

the snakes in leaf litter, or intermediate level of complexity, had the lowest mean time 

of 685.09 seconds while snakes in Astroturf had the highest mean time of 1525.27 

seconds. During the testing time to consume prey and the snakes’ feeding behaviors, 

such as dragging the prey to safety, were recorded. But these were not statistically 

significant. These activities varied between individuals as well as between siroulations 

with a single individual. The behaviors are still discussed since other published studies 

have proven to be significant and these could be tested for at a later date.

Table 3.5. T-Method Results for Time to Capture Prey
Astroturf Bare Soil Leaf Litter Brush

Mean 1525.27 1272.91 685.09 841.36

Lower Limit 1521.66 1269.29 681.48 837.75

Lfpper Limit 1528.89 1276.52 688.71 844.98
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Figure 3.2. Mean Times to Capture Prey

3.4 Albino vs. Normal Coloration 

T-method was also conducted to compare the feeding results of the individuals 

with norma! coloration versus the individuals with albino coloration. This was done to 

see if recessive genetic traits that dictate coloration have some relationship to foraging

ability. The a value for this test was .05. The Q value for this test was 4.521. The 

standard error was 1.91 and the MSD was 8.62. The differences between ail of the 

means were significant. But there was no clear distinction between albino and normal 

subjects. Though normal individuals did better in brush and Astroturf simulations the 

albino individuals had faster times in the other two simulations. All of the means for 

this analysis are presented in table 3.6.

23

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



Table 3.6. T-metliod Results for Albino vs. Normal
Astroturf Bare Soil ■ Leaf iLitter Brush

Normal Albino Normal Albino Normal x4!bino Normal Albino
Mean 1447.2 1590.3 1436,2 1136.8 874.6 527.16 491 1133.3

Lower
Limit

1442.8 1586 1431.8 1132.5 870.29 522.85 486.68 1129

Upper
Limit

1451.5 1594.6 1440.5 1141.1 878.91 531.47 495.31 1137.6

3.5 Behaviors Observed During Testing 

Many behavioral observations were made that were not statistically tested in 

this experiment. They were not tested for because exact counts and times were not 

recorded during this project and trends were not noticed until testing was close to 

conclusion. Behaviors consisted of head raising while hunting, facial grooming after 

consumption, edge searching, and speed of movement. All of these behaviors have 

been tested for with other snake species and are commonly observed during testing. 

These observations are important since they show hov/ the snakes interact in the 

environment that they are exposed to. These reactions could lead to a better 

understanding of how this species copes with environmental change in the wild and if 

they have to alter their natural behaviors. The descriptions of the behaviors seen during 

this study are presented in detail in the Observed Behaviors section of the Discussion.
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CHAPTER 4 

DISCUSSION 

4.1 General Discussion 

The difference between the times for the snakes to reach the end of the habitat 

simuiation was shown to be highly significant. The simulations in which the snakes had 

the fastest times were bare soil followed by Astroturf, leaf litter, and then bmsh. The 

differences between the means, though significant, were not ver>̂  large. The times for 

the species to reach the end of the simulation showed that it is easier to move through 

simple habitats than complex habitats. The bare soil was the simplest since it had no 

vertical or horizontal components. The snakes’ time in Astroturf was very close to bare 

soil in time. The difference between the two was less than a minute. This delay could 

be caused by the texture of the Astroturf. In other papers the slight difference in texture 

has been shown to alter an animal’s response to the environment (Lipcius and Hines 

1986). The leaf litter and the brush simulations did have vertical and horizontal 

elements. Those elements slowed the snakes’ advancement slightly. Thus the results of 

this portion showed that structure does affect movement but it should not impede an 

animal’s movement through the environment or its ability to hunt successfully.

The outcome of the feeding trials was also significant. Those results were only 

significant for a  = .10. This was probably an artifact of the low numbers of individuals 

tested at this time. As shown in other habitat studies, the intermediate level of
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complexity was the optima! condition for predators to successfully forage for food in 

the quickest time period (Mullin and Cooper 2000; Crowder and Cooper 1982), Even 

though leaves did slow the snakes’ progress through the habitat, showm above, they did 

not impede the snakes’ hunting ability. This was evident since snakes in the leaf litter 

simulation had the fastest time to acquire prey of 685.09 seconds. It had been shown 

that the chemical cues are not obstructed by vegetation regardless of density (Chiszar et 

al. 1990). Thus it was the predator’s ability to navigate the habitat and find the prey’s 

scent that determined success. The times of the snakes in leaf litter was followed by the 

snakes’ times to navigate brush, bare soil, and finally Astroturf. As expected snakes in 

habitats with cover had quicker times than habitats without protection. Chiszar and 

Byall (1996) found that rattlesnakes were quicker to advance toward prey items if cover 

was present. ' Apparently this is a trait shared with ' the species in this study. 

Rattlesnakes were also found to drag their prey back toward the cover when feeding 

(Chiszar and Byall 1996). Subjects in this project also exhibited this behavior before 

they began to swallow. Foraging and hunting in covered areas may allow the snake to 

feel that it is protected from predators when it is vulnerable (Theodoratus and Chiszar 

2000). Snakes in habitats that are simple may have slower times since the snakes are 

not protected and may risk predation. This risk is justified since there is usually an 

increased risk of predation for animals in the open (Shine and Fitzgerald 1996). In 

other snake species it has been found that many times they will not even hunt or forage 

in habitats where the risk of predation is high (Mushinsky and Miller 1993). This could 

explain the reluctance of the garter snakes to expose themselves and engage in hunting

26

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



activities in this study. This helps to explain why there was such a difference between 

the time it took to capture prey and the time that the animal reached the far end. It 

seems that foraging only occurred once the snake feit safe in the habitat and this state 

took longer to reach in the simple habitats. Also in simple habitats the predator may be 

less likely to stalk prey items successfully because of lack of cover. Once a predator is 

detected by a potential prey, the prey’s typical reaction is to escape and move away 

from the predator (Zug et al. 2001). This could cause the individuals to be more 

cautious, thus slower, to avoid detection. The snakes in this study had no way of 

knowing that they prey could not escape so they had to proceed carefully.

The time to consume prey was recorded during testing but was not used in any 

comparisons. Originally, it was thought that the swallowing time could be affected by 

the habitat. If this was true prey swallowing times would have been quicker for certain 

complexity levels. With this study there was no correlation between time to swallow 

and the habitat. Mullin and Cooper (2000) determined that swallowing time was 

dependent on prey size and had nothing to do with the habitat or foraging event. The 

results of this study are consistent with theirs since the time it took the animal to 

swallow was partially determined by the size of the fish that it was eating. Because 

swallowing time had nothing to do with the habitat the times are not addressed in this 

paper.
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4.2 Does Being Albino Affect Foraging?

Many studies have been conducted to link behavior to a genetic basis. Such a 

link could explain differences between populations of a single species or even 

difference between closely related species. Genetic links to behaviors have been found 

in species of Thamnophis. Arnold (1981b) has found that variation in behaviors related 

to feeding have a genetic basis. Individuals in the ThamnopMs elegans populations that 

he studied vary in feeding tactics, prey choice, chemosensory response, and many other 

aspects (Arnold 1981a). Since albinism is clearly a genetic trait, comparisons were 

made between the times of albino individuals and the times of individuals with normal 

coloration (Campbell and Reece 2001). In the past it was thought that genetic defects, 

such as ones affecting coloration, could mean that the animal was not able to survive as 

well as individuals of the same species with normal and usually cryptic coloration since 

this condition could lead to weaker or more vulnerable individuals (Tobin and Dusheck 

1998; Zug et al. 2001). Specifically, albino individuals would have a harder time 

blending in to the natural surroundings of the environment. The specific genes that 

influence feeding behavior have not been determined to date. If for some reason the 

genes that decide coloration were related to feeding behavior this would show up in the 

testing. But the results of this project did not support this idea. Subjects with both 

colorations did equally well in simple and complex habitats. None of the times were so 

drastic, even though they are significantly different, to merit further research on this 

aspect of the problem.
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4.3 Observed Behaviors 

As expected edge seai'cMng occupied most of the time with in the testing arena. 

Depending on the individual being tested and the habitat type, this was done either 

slowly or quickly. Habitats with cover, such as leaf litter and brash, facilitated quicker 

edge searching than the simple habitats. This phenomenon could have occurred since 

the snakes felt safer in covered habitats and more exposed, possible to instinctual 

predation, in the coverless trails. Also most of the edge searching in the covered tests 

was conducted under the leaves. The subjects tended to move from clump to clump, 

minimizing their exposure time. In the exposed habitats edge searching was usually 

much slower and subjects stayed as close to the walls as possible.

Only a few of the snakes ventured to the middle in any of the habitat 

simulations. With covered trials individuals crossed the middle more often and spent 

longer times in this area. The reason for this was probably the sense of safety that the 

cover provided. Also the subjects may have ventured into the middle to explore the 

complex habitats. This type would have provided lots of stimulation and areas to hide 

in for the snakes. This would not be necessary in the simple habitats since the Astroturf 

and bare soil environments were uniform in all aspects. They were also out in the open 

so they did not stay here for very long.

The animals also seemed to triangulate the position of the prey. Most of the 

snakes were observed raising their heads above the substrate, facing the prey, before 

advancing on the dish to feed. Many times this raised stare was repeated in different 

localities encircling the dish. Tongue-flicking increases suggested that this behavior
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may be a way for the snakes to close in on the prey to ensure successful capture. 

Behaviors such as this could also be very use&l in the wild. Constant moving and 

rechecking of the prey’s position was necessary for the snake to locate its meal, 

especially if  it is on the move. According to leather (1991) visual confirmation is 

usually needed to verily the prey position before an attack will take place. The raised 

head position enabled the snakes to get a better look at the prey as we as receive odors 

that can be found in the air. This may also help to distinguish to prey’s odor from the 

substrate allowing the snake to focus in on the food item better. The duration of this 

behavior varied among individuals. In some cases the subjects perched on leaves above 

the substrate for approximately five minutes before proceeding. At other times the head 

raising lasted only a few seconds before the snake retreated back into the leaves. The 

variation in times was probably due to the time it took the individual to spot and smell 

the fish. The head raising was more noticeable in the complex habitats since the snake 

had to rise above the debris. In simple habitats this head raising behavior was not 

exhibited as often and only when the animal was closing in on the prey. But a few of 

the snakes still encircled the dish before engaging. This hunting technique, though 

increasing the snake’s chance of finding a meal, exposes the snake more to predation 

since it must come out of hiding. But in nature there is usually some risk associated 

with hunting.

Many of the snakes in the trials were observed conducting facial grooming after 

consuming the prey. Autogrooming occurs in many species o f animals. Most of the 

studies have been conducted on birds and mammals but grooming had been documented
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in reptiles. Cunningham and Burghardt (1999) performed a study on colubrid snakes, 

including species of Thamnophis, to determine the types and reasons for facial 

grooming. Like the snakes in the Cunninghana and Burghardt (1999) study, individuals 

in this project conducted various head rubbing acts after feeding on the prey. The test 

subjects were seen executing two types of head rubbing behaviors: substrate labial rub 

and rostra! scale rub. This head rubbing technique was thought to remove sticky 

substances from the facial area after feeding (Cunningham and Burghardt 1999). The 

fish in the testing could have been perceived as sticky prey and lead to the need to clean 

their face. This behavior occurred in all habitats so it is not linked to the surroundings 

that the snake is in at the time.

4.4 Data Application 

There are many uses for the information gained in this study. This information 

can be applied to natural and artificial environments. Also, as with other scientific 

studies, this data can lead to new and interesting studies.

Though the results from this project are not definitive they can still be used 

since significant differences were found. Results from testing to see which habitat 

species do well in have been used numerous times to determine management plans that 

government and state agencies could use. It has been shown that generalists, like the 

checkered garter snakes, can flourish in a variety of habitats (Rossman et al. 1996). But 

to date studies that investigate if suboptimal environmental conditions have an adverse 

effect on this species are lacking. Since an intermediate level of complexity seems to be 

the optimal condition for foraging this level can be controlled for. If Thamrtonhis
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marcianus marcianiis was threatened or endangered then this information could lead to 

programs to protect areas that meet this criterion. Fortoiiately, such actions are not 

needed as o f yet. But if the areas that the animals inhabit are drastically altered, 

especially if  the process creates an extremely simple landscape, the snakes may have a 

hard time adjusting. This could happen when humans move into an area to build or 

harvest resources such as timber or minerals. These data can be used if a future need to 

protect this species’ habitat arises.

Natural habitats are not only applications for this data. Many zoological 

institutions construct realistic habitats to house their wards. This can improve the 

creature’s existence in captivity and at the same time increase the viewing experience 

for zoo patrons. With this study the optimal foraging conditions would allow the snakes 

to easily find food and still feel protected from harm. Cages with an amount of leaf 

litter for cover would be more than adequate to fulfill this species’ hunting needs. 

Patrons would also get the benefit of seeing the snakes in a natural environment rather 

than Astroturf, which is a common substrate in many cages. For example, some 

institutions have been found to house animals that live in brushy habitats in enclosures 

with only dirt and a rock or Astroturf. This situation leaves the animals exposed and 

could lead to stress that could ultimately harm the animal. This is a tragedy that can be 

prevented in captivity. With studies such as this one this could be avoided if the 

caretakers use the information. This data can also be transferred to laboratories. When 

not testing subjects could be housed in natural conditions. Housing creature in natural 

environments could reduce the stress from experiments. With less stress subjects may
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live longer or perfomi better in tests. Both of these factors make natural simulations 

beneficial to laboratories and should appeal to scientists.

These data can also be used in fiiture studies. The same experimental set up 

could be used for this purpose but with different individuals being used is just one 

example. This project is just the first step to learning about this species of garter snake. 

There is just so much that can be done with these data in the laboratory and in the field.
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