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PREFACE 

'The best thing for disturbances of the spirit,' replied 
Merlyn, beginning to puff and blow, 'is to learn. That is 
the only thing that never fails. You may grow old and 
trembling in your anatomies, you may lie awake at night 
listening to the disorder of your veins, you may miss your 
only love and lose your moneys to a monster, you may see 
the world about you devastated by evil lunatics, or know 
your honor trampled in the sewers of baser minds. There is 
only one thing for it then--to learn. Learn why the world 
wags and what wags it. That is the only thing which the 
poor mind can never exhaust, never alienate, never be tor 
tured by, never fear or distrust, and never dream of regret 
ting. Learning is the thing for you. Look at what a lot 
of things there are to learn--pure science, the only purity 
there is. You can learn astronomy in a lifetime, natural 
history in three, literature in six. And then, after you 
have exhausted a milliard lifetimes in biology and medicine 
and theo-criticism and geography and history and economics, 
why, you can start to make a cartwheel out of the appropri 
ate wood, or spend fifty years learning to begin to learn 
to beat your adversary at fencing. After that you can start 
again on mathematics, until it is time to learn to plow.' 

from T. H, White's 

The Sword in the Stone, 

Chapter 21. 

A bee settling on a flower has stung a child. And the 
child is afraid of bees and declares that bees exist to sting 
people. A poet admires the bee sucking from the chalice of 
a flower and says it exists to suck the fragrance of flowers. 
A beekeeper, seeing the bee collect pollen from flowers 
and carry it to the hive, says that it exists to gather honey. 
Another beekeeper who has studied the life of the hive more 
closely says that the bee gathers pollen dust to feed the 
young bees and rear a queen, and that it exists to perpetu 
ate its race. A botanist notices that the bee flying with 
the pollen of a male flower to a pistil fertilizes the 
latter, and sees in this the purpose of the bee's existence. 
Another, observing the migration of plants, notices that the 
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bee helps in this work, and may say that in this lies the 
purpose of the bee. But the ultimate purpose of the bee 
is not exhausted by the first, the second, or any of the 
processes the human mind can discern. The higher the human 
intellect rises in the discovery of these purposes, the more 
obvious it becomes that the ultimate purpose is beyond our 
comprehension. 

All that is accessible to man is the relation of the life 

of the bee to other manifestations of life. . . . 

from Leo Tolstoy's 

f/or and Peaae, 

First Epilogue. 



ABSTRACT 

Several factors that can have an influence on the rate of 

growth were investigated in the water snake genus Nevodia. The study 

centered around the question of how these snakes attain the different 

adult body sizes that can be discerned between the sexes and between 

species. The three species used to investigate this question were 

Nerodia fasadata aonfluens, N. a. oyolo'pion, and N. r. rhombdfera. 

In addition to the question of attainment of adult body size, the 

effect of different feeding regimens on growth, and the amount of 

individual variation in growth among members of the same litter were 

investigated. The Bertalanffy, logistic-by-length, and logistic-by-

mass growth models were also tested against one another using growth 

data from N. fasaiata to ascertain which model was the best predictor 

of the pattern of growth in this species. Both linear and non-linear 

regression models were used in the analysis of sexual, species, and 

individual variation in growth. Linear regression models were used 

in the analysis of the variation in growth due to the feeding regimen. 

Changes in the feeding regimen had a more pronounced effect on 

the females than on the males. For increases in weight, the larger 

the meal size, the larger the increase in weight per gram of food 

consumed. For increases in length, the intermediate meal size was 

more effective in promoting growth on a per gram of food consumed 

basis than the large or small meal sizes. These conditions resulted 
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in significant differences in the weight per unit length among 

snakes in the different meal size groups. 

In general terms, females initially grew more rapidly than 

conspecific males in all three species, and showed a more gradual 

decline in the growth rate with time. This pattern resulted in the 

females attaining a larger adult size than the males. The relation 

ships of the patterns of growth for males and females could be 

modified by changes in the feeding regimen. 

Although il/. fasaiata attains the smallest adult size of the 

three species, it initially grew more rapidly than N. oyolopion and 

N. rhombifera. The latter two species, however, showed a more 

gradual decline in the growth rate with time than the former species. 

As a result, N. ayalopion and N. rhombifera eventually were growing 

at a more rapid rate per gram of food consumed than N. fasaiata. 

Significant individual variation in the rate of increase in length 

and weight per gram of food consumed was evident in all the litters 

for every species. 

The results of this investigation are discussed in relation 

to natural selection for certain growth patterns under varying con 

ditions in natural populations. Questions are presented that could 

lead to further research into the forces shaping the pattern of 

growth in natural populations of snakes. 
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CHAPTER I 

INTRODUCTION 

Gvcwth, Body Size, and the Niohe 

The demands of a particular lifestyle are very important in 

shaping the pattern of growth in a species. In some cases, the 

ability to grow rapidly can determine whether an individual lives or 

dies. Many birds have predictable seasonal migrations during which 

the young, as well as the old, must survive. Johnson and McFarlane 

(1967) postulated that Pacific Golden Plovers {Pluvialis dominiea 

fulva) can fly 4000 km non-stop in 37 hours utilizing 18 g of fat for 

the required energy. They also suggest that only a plover containing 

at least 18 g of fat and weighing at least 150 g will attempt the 

4000 km flight. Juveniles of this species must obviously grow at a 

rate that will ensure that they will meet these minimum requirements 

or they will either be left behind or die in transit. 

The consequences of a slower growth rate are often less dras 

tic than in the above example. Most notable among these less drastic 

effects are a delay in the onset of reproduction, and a consequent 

reduction in the potential number of offspring that can be produced. 

Many mammals do not breed unless they reach a minimum weight (Heaney 

1978). Reptiles and amphibians likewise seem to reach sexual matur 

ity after completion of a certain amount of growth rather than 

reaching a particular age (Porter 1972). Because reproduction is 

seasonal in most reptiles, slight delays in the age of maturation 
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may mean relatively long delays in the age at first reproduction. 

Short-lived species may not be able to reproduce at all if they do 

not reach sexual maturity by the breeding season following hatching 

or birth (Andrews 1982). 

The rate of growth has other important consequences for a 

species. Many things may change as an animal grows larger and cer 

tainly changes in prey size and type are among the most important. 

Small rattlesnakes tend to eat lizards while larger individuals of 

the same species tend to eat rodents (Klauber 1956). Water snakes of 

the genus Nerodia tend to eat larger prey as they mature, and N. 

erythrogaster and N. fasoiata change their feeding preferences from 

fish to frogs as the snakes exceed a snout-vent length of 50 cm. 

(Mushinsky et al. 1982). In all of these cases, the rate of growth 

will determine when these changes occur. 

Overall body size and the size of various body parts have a 

very intimate relationship with other niche parameters of a species. 

Consider the classic evolutionary example of size changes in the 

Galapagos finches. From a common ancestor, the body size, and par 

ticularly the bill size, of these birds have changed apparently 

according to the size of the food items commonly consumed (Pianka 

1974). Body size also has implications in relation to the size of 

shelter required, habitat preferences, and the number of potential 

predators. Insular bird populations have evolved longer bills and 

longer tarsometatarsi than their mainland counterparts in order to 

utilize a greater range of food sizes and a wider variety of per 

ches respectively (Grant 1965). The lizard Laaevta serpa has 
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shortened legs and tail on islands apparently because of the reduced 

demand for locomotion due to the absence of predators. On islands 

with cliffs this shortening trend is somewhat reversed owing to an 

increased demand on climbing ability (Kramer 1951). Young animals 

are also prone to predation from sources that are not a threat to the 

larger adults. Potential predators on newborn water snakes include 

painted turtles, greenfrogs, bullfrogs, and grackles (Feaver 1977). 

Adult snakes are far too large to fall victim to these predators, and 

thus the rate of growth will determine the length of time that an 

individual will be susceptible to certain predators. In addition, 

while body size and other niche parameters have an intimate relation 

ship, it should be remembered that any evolutionary change in body 

size or proportions necessitates a change in the growth pattern of 

that species. 

Factors Influencing Body Size and Growth 

Adult body size is a very complex biological parameter and 

there are many factors that can have an effect on it. Two general 

izations that have a bearing on body size are Bergmann's rule and 

Allen's rule. Bergmann's rule states that in species of warm 

blooded vertebrates, races from cooler climates tend to be larger 

than races of the same species living in warmer climates. Allen's 

rule states that protruding body parts of warm-blooded animals are 

shorter in cooler climates than in warmer ones. These generaliza 

tions are not unalterable laws, but are purely a means for describing 

the parallelism between morphological variation and features of the 
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physical environment (Mayr 1970). Numerous other variables such as 

inter- and intraspecific competition, predation pressure, various 

physiological and physical factors, and resource availability, may 

alter any geographic trend in body size and proportions. 

Bergmann's and Allen's rules, as their definitions indicate, 

are generally only applicable to warm-blooded animals. There are, 

however, some cold-blooded animals that follow the same body size 

trends. Ray (1960) found that 13 of the 17 species he examined 

followed Bergmann's rule, and seven of 10 examined for changes in 

their extremities followed Allen's rule. These species included 

forms as diverse as a moneran {chlamydomonas), a nematode {Cephalo-

bus), fruit flies {Drosophila), spiders {Padosa), and amphibians 

{Rccna sylvatiaa and Bufo horeas). Honey bees {Apis meZlifera) in 

Russia also follow Bergmann's rule (Alpatov 1929). The reverse of 

Bergmann's rule is also seen in cold-blooded animals. The average 

adult size of the carabid beetle Dioaelus purpuratus increases from 

north to south in eastern North America (Park 1949), and the body 

size of lizards of the genus Liolaemus from Chile decreases with 

decreasing temperatures (Hellmich 1951). Other trends are also 

discernible in cold-blooded animals. For example, butterfly pupae 

{Melitaea ohalaedona) are largest and heaviest in coastal southern 

Califronia where humidity is highest, and smallest and lightest in 

the Mojave Desert where humidity is the lowest (Hovanitz 1942). This 

finding illustrates the point that where factors other than tempera 

ture affect body size, the largest size will be reached in the 
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optimal portion of the species range, independently of temperature 

(Mayr 1970). 

What constitutes the optimal portion of a species range? 

There are many factors that can contribute to the optimal conditions 

for a species. A great deal of the information concerning these 

factors and changes in body size and proportions comes from studies 

of island populations. The body size of solitary species of the 

lizard genus Anolis on Caribbean islands tends to be restricted to a 

narrow range (55-75 mm in males and 40-60 mm in females). On multi-

species islands, most of the males fall into the 40-60 mm range. The 

increase in size of solitary species is apparently due to the lack 

of interspecific competition (Schoener 1969). Male Anolis sagvei on 

Abaco in the Caribbean do now show the increase in body size charac 

teristic of solitary species even though the females do. It has been 

suggested by Lister (1975) that females can increase in size because 

they have less overlap in prey size with insectivorous warblers than 

do males. The body size of the iguanid lizard uta stansburiana on 

islands in the Gulf of California also appears to be inversely pro 

portional to the number of sympatric iguanid species (Soule 1966). 

Intraspecific competition can favor large body size in males through 

male combat (Dunham et al. 1978 for lizards. Shine 1978 for snakes) 

or in females through increased fecundity (Semlitsch and Gibbons 

1982 for snakes). Predation pressure, or lack of it, can cause 

body size changes in either direction depending on the species in 

question. Small animals that avoid predation primarily by escape 

to shelter would be expected to increase in size in the absence of 



predation. Large animals that avoid predation by outrunning or 

physically overwhelming a predator could be expected to decrease in 

size in the absence of predators (Heaney 1978). 

Physical and physiological factors in many cases tend to 

affect body size in a manner peculiar to the species in question. 

Bird body sizes are constrained by the necessity of flight and 

perching. Geckos are constrained by the clinging capacity of their 

toe pads. Rodents may also be constrained by the soil type since 

the diameter of their burrows may become large enough for them to 

collapse (Case 1978a). Larger animals will have relatively less 

heat loss in cold climates. In hot climates, intermediate sized 

animals can neither store heat to cut down on evaporative water loss 

(Taylor 1969) nor dissipate it as quickly as a small animal. Large 

mammals also have more efficient locomotion, but small mammals are 

able to climb vertically with little more energy than is required to 

move horizontally (Taylor et al. 1972) providing a distinct advantage 

in more hilly terrain. 

While all-of the factors discussed have some effect on body 

size, food resource availability seems to be of primary importance in 

determining body size. Case (1978a) supports the idea that an 

increase in the mean amount of available food should lead to an 

evolutionary increase in body size, and a decrease in the mean amount 

of available food should lead to an evolutionary decrease in body 

size. There does seem to be evidence to support this idea. In the 

absence of competitors, rodents on islands utilize a wider variety of 

food and therefore have evolved larger body sizes (Grant 1965). When 



a population is food stressed, selection should favor individuals 

that breed at a small size leading to an evolutionary decrease in 

body size (Heaney 1978). 

The above predictions based on the amount of available food 

are, of course, only generalizations and many exceptions can be 

found. Foxes on islands off the coast of California range in size 

according to the type and not the amount of food available. Large 

prey, such as rabbits and hares and large gallinaceous birds, are 

absent from these islands and the endemic foxes are smaller than 

their mainland counterparts (Case 1978a). Rodents are also scarce 

on these islands, but lizards are abundant. The rattlesnakes on 

these islands appear to be smaller in response to the size distribu 

tion of the available prey. Where the abundance of prey is reversed, 

the snakes are the same size of in one case larger on the island than 

on the mainland (Case 1978a). 

While the majority of these examples are taken from island 

situations, the same trends can be applied to any population. The 

major problem with mainland populations is not in the trends them 

selves, but in delineating the boundaries of the influence of any 

set of factors. In any case, body size changes both ontogenetically 

and evolutionarily are real and any evolutionary change in body size 

or proportions requires a concomitant change in the growth pattern. 

dietary Effiaienay 

The above discussion has established that body size and con 

sequently growth can be affected by a number of ecological parameters, 
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The immediate determinant of growth rate, however, is how efficiently 

the food consumed is utilized. Dietary efficiency is dependent upon 

many factors not the least of which are the type of foodstuff con 

sumed and the type of organism consuming it. Cellulose and chitin 

appear to present the most problems in digestion, but several 

specializations in various groups of animals have evolved to deal 

with them. These specializations range from outright secretion of 

the necessary enzymes to the use of microorganisms in various ways 

for the production of the digestive enzymes (see Barnard 1973). 

The changing composition of the dietary intake can also offer 

problems to dietary efficiency. The ability to respond to these 

changes has been demonstrated in a variety of taxa. Various mammals 

show an increase in the production of pancreatic amylase and pro 

tease with an increase in the starch and protein content respectively 

of the diet (Barnard 1973). Snails produce more amylase on a starch 

diet, and snail species that change from a herbivorous to an omnivor 

ous diet show a decline in the amylase/protease ratio upon maturation 

reflecting the increase in protein and decrease in starch in the 

diet (Barnard 1973). 

Differences in the assimilation efficiency between species 

probably reflect the differences in digestibility of the food con 

sumed (Smith 1976). Among reptiles the assimilation efficiencies 

for insectivores and carnivores are higher than for herbivores (see 

Table 1). Ctenosaura peatinata, a large iguanid lizard, however, 

fed on a diet of sweet potatoes, which are low in crude fiber, had a 

digestive efficiency of 86.3% (Trockmorton 1973). Herbivorous 
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reptiles do not seem to be as efficient at digestion as the herbivor 

ous mammals. The herbivorous lizard Dipsosaurus dovsalis is only 

50-55% efficient as compared to 71% for cattle and 64% for rabbits 

(Bennett and Dawson 1976). Dietary assimilation efficiency for 

reptiles appears to be independent of the level of food consumption 

(Gehrmann 1971, Kitchell and Windell 1972), but does show a decrease 

with age (Gehrmann 1971). 

Growth Models and Growth in Reptiles 

The information regarding the equations and the explanations 

of the symbols presented below for the growth models have been adap 

ted from Dunham (1978), Schoener and Schoener (1978), and Andrews 

(1982). Two models have been commonly utilized to describe growth 

in reptiles. The Bertalanffy growth model is based on the idea that 

growth represents the difference between synthetic and degradative 

processes, and that synthetic processes are directly proportional to 

metabolic rate and degradative processes are directly proportional 

to body mass (Bertalanffy 1957, Fabens 1965). The general equations 

for length and weight respectively are 

L = A^d - be""^^) (1) 

and 

A^d - be"'^^)] (2) 

where: b = (1 - Lq/L^); 

L = length; 
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W = weight; 

= asymptote of length; 

Lg = initial length; 

e = base of the natural logarithm; 

t = time; 

b = constant; 

c = constant relating length and weight; 

r = growth constant. 

The equation for weight is derived by substituting the function 

relating weight to length (W = cL ) into the length equation. The 

curves described by these equations are illustrated in Figure 1. The 

equation for length produces an asymptotic curve that increases at an 

exponentially decreasing rate as a function of time (Figure lA). The 

equation for weight produces an asymptotic sigmoid curve with the 

inflection point at 30% of asymptotic weight (Figure IB). Equation 

(2) can be modified so that the asymptote is in terms of weight. 

The result is 

W [(A^/c)^/^ (1 - be"''^)]^ (3) 

in which A^^ = asymptote of weight and all other symbols are as 

explained above for equations (1) and (2). 

The other commonly used model for reptile growth is the 

logistic model. Growth can be logistic-by-length or it can be 

logistic-by-mass. The general equation for logistic growth is 
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Figure 1. Equations and Growth Curves for the Bertalanffy Growth 
Model. A. Equation and Growth Curve for Length. B. 
Equation and Growth Curve for Weight. 



14 

S = A^/d + be""^^) (4) 

where: b = (A^/Aq) - 1; 

S = size (length or weight); 

A^ = asymptote of size; 

Aq = initial size. 

All symbols are as explained above for equations (1), (2), and (3). 

Whether the logistic equation is for length or weight, it 

produces a symmetrical asymptotic sigmoid curve with its point of 

inflection at one-half of the asymptote (Figure 2A). If growth is 

logistic-by-mass, length is evaluated by substituting the function 

relating length to weight L = (W/c)^^^ into the logistic equation 

for weight. The resulting equation, 

1/c + be"'"b]]^^^ (5) 

in which b = (A^^/Aq) - 1, Wq = initial weight, and all other symbols 

are as explained above for equations (1), (2), and (3), produces an 

asymptotic curve with the inflection point at 63% of asymptotic 

length (Figure 2B). Equation (5) can be modified so that the 

asymptote is in terms of length. The result is 

1/c[cA^^/d + be"''^)] 1/3L = (6) 

in which all of the symbols are as explained for equation (5). 
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Figure 2. Equations and Growth Curves for the Logistic Growth Model 
A. Equation and Growth Curve for Size (Length or Weight) 
B. Equation and Growth Curve for Length When Growth is 
Logistic-by-Mass. C. Equation and Growth Curve for 
Weight When Growth is Logistic-by Length. 
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If growth is logistic-by-length, weight is evaluated by sub-
3 

stituting the function relating weight to length (W = cL ) into the 

logistic equation for length. The resulting equation, 

W = c [Aj/(1 + be"''^)]^] (7) 

in which b = (Aj/Lq) - 1, and all other symbols are as explained 

above for equations (1), (2), (3), produces an asymptotic sigmoid 

curve with the inflection point at 42% of asymptotic weight (Figure 

2C). As with equation (3), equation (7) can be modified so that the 

asymptote is in terms of weight. The result is 

[yc)^/^/(l + be"''^)]^] (8)W 

in which all of the symbols are as explained for equation (7). 

Although the general forms of the Bertalanffy and logistic 

growth models measure growth as a function of time, they can also be 

used to measure growth as a function of total weight of food consumed 

by replacing the term for time (t) with a term for total weight of 

food consumed. This method was used with a modified Bertalanffy 

growth equation to describe the increase in length in the snake 

Elaghe guttata (Barnard et al. 1979). The modified equation was of 

the form 

L = A^ - be"^^ (9) 

in which b = Aj^ - Aq, x = the total weight of food consumed, and all 

other symbols are as explained above for equations (1), (2), and (3). 
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Weight in this form of the model is evaluated by using the equation 

W = c[(Al - be-™)3] (10) 

in which b = A|^ - Lq, and all other symbols are as explained above in 

equations (1), (2), and (3). As with equation (2), equation (10) can 

be modified so that the asymptote is in terms of weight. The result 

is 

W = c[[(yc)l'3 = be-'-'^p] (11) 
in which all of the symbols are as explained above in equation (10). 

Both the general and the modified forms of the Bertalanffy growth 

model can describe growth as a function of time or as a function of 

weight of food consumed. Identical results are obtained with the two 

forms of the equations. 

A number of investigations have focused on the problem of 

fitting growth data from reptiles to the above models. Small, 

short-lived iguanid lizards appear to have growth-curves that are 

best fit by the logistic-by-mass model, while large long-lived rep 

tiles have growth curves that are best fit by the Bertalanffy growth 

model (Andrews 1982). Although there are some exceptions, the growth 

curves of the majority of the populations of Anolis angustiaeps, A. 

caroZ'inens'is, A. distiahus, and A. sagve-i studied by Schoener and 

Schoener (1978) fit the logistic-by-mass model. The growth curve of 

the lizard Saeloporus merriaxni also fits the logistic-by-mass model 

(Dunham 1978). Reptiles whose growth pattern have been shown to fit 
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the Bertalanffy growth model include the snakes Natrix tigrina 

and Elaphe quadr-iv-ivgata (Fukada 1961), Etaphe guttata (Barnard 

et al. 1979), the turtles Chvysemys piata (Wilbur 1975), Pseudemys 

scripts (Gibbons et al. 1981), the lizard Basilisous hasilisous 

(Van Devender 1978), and the crocodilian Alligator mississippiensis 

(Chabreck and Joanen 1979). 

Linear growth models of the general form Y = ax + b are occa 

sionally reported for reptiles. Juveniles of several species of 

large herbivorous lizards exhibit a constant linear increase in size. 

Iguana igiuxna and Ctenosaura similis exhibit growth rates of 0.27 

and 0.36 mm/day respectively for the first two years of life (Van 

Devender 1982). The snakes Elaphe obsoleta quadrivittata (Ford 

1974) and Elaphe guttata (Barnard et al. 1979) exhibit a linear 

increase in weight as a function of the total weight of food 

consumed for the first two years of life. Constant increases in 

length and weight, however, must obviously be restricted to early 

growth (Andrews 1982). 

Growth in Snakes 

Studies of growth in snakes can be divided into two categor 

ies: field studies and laboratory studies. Field studies provide 

information about the natural growth patterns of a species. There 

are, however, some difficulties associated with field work. Assign 

ment of snakes to age groups based on size has been attempted by 

several investigators (Raney and Roecker 1947, Klauber 1956, 

Gibbons 1972). Because of differential growth rates of individuals 
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this assignment could only be made for the first two years of life. 

Marking animals individually has overcome the problem of age deter 

mination, but the difficulty lies in the subsequent recapture of the 

same individual and this is often difficult. 

In spite of the difficulties, field studies have provided some 

useful information on snake growth patterns. Some of the findings, 

as would be expected, vary from species to species. Snakes grow 

faster as juveniles and adolescents than as adults (Klauber 1956). 

Females of both Natvix {=Nerodia) sipedon and Natrix {=Regina) 

septemvittata grow faster and achieve a greater maximum size than 

males (Raney and Roecker 1947). Both males and females of 

Tharmophds s. sdrtatis, T. s. sauvitus, and T. huttevi grow rapidly 

for the first year, but the growth rate of the males decreases fas 

ter with age (Carpenter 1952). In the black rat snake, Elccphe o. 

ohsoleta, there seems to be little sexual dimorphism in the growth 

rate for the first three years, but with attainment of maturity, 

growth slows sooner and more rapidly for females (Fitch 1963). Male 

rattlesnakes average about 1% longer than females at birth. This 

difference increases to 3% in the following spring and reaches about 

15% in fully mature adults of most species (Klauber 1956). As can be 

plainly seen, specific information about growth in snakes depends a 

great deal upon the species in question. 

Laboratory studies of growth in snakes have addressed ques 

tions that are difficult to answer effectively in field situations. 

Myer and Kowell (1971) found that after six weeks of food depriva 

tion, the weight of four adult kingsnakes, Lampropeltis getulus 
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floridana, had only fallen an average of 6.3% below their weight 

Immediately before the pre-deprivation meal. Similar results were 

obtained with neonate garter snakes Thcmiophis sirtalis (Myer and 

Kowell 1973). Apparently snakes are designed to withstand long 

periods of deprivation without drastic effects. The size that any 

individual attains apparently depends more on the amount of food con 

sumed than on its age, and the amount of variation among individuals 

increases as the total amount of food consumed becomes greater 

(Barnard et al. 1979). 

Assimilation efficiencies have been determined in the lab for 

several species. Caloric assimilation efficiency was 88.9% for the 

corn snake, Elaphe guttata and 83.9% for the hognose snake, 

Eeterodon platyrhinos, with no significant different between young 

and adult animals (Smith 1976). Both caloric assimilation efficiency 

and assimilation efficiency by weight were independent of food con 

sumption in the blotched water snake, Natrix {=Nerodia) erythrogaster 

transversa, even though there was a significant decrease in both 

assimilation efficiency measures with age (Gehrmann 1971). The 

efficiency of conversion of food to body weight and length was also 

found to decrease with age in the snake Spalerosophis cliffordi 

(Dmi'el 1967). 

Niche Separation in Nerodia 

The genus Nerodia is comprised of eight moderate to large 

sized semi-aquatic species. The distribution of the genus is 

largely continuous. The ranges of seven of the eight species overlap 



21 

within the area from southern Canada through the United States east 

of the Rocky Mountains and down the east coast of Mexico to the 

Yucatan Peninsula. A single species, N. valida, has a distribution 

that is disjunct from the other species and occurs in western Mexico 

and lower California (Conant 1969, 1975). Although the genus ranges 

as far north as southern Canada, most of the species are concentrated 

in the southeastern United States. There is, therefore, a great deal 

of overlap in the ranges of the species. Due to the semi-aquatic 

nature of the species, they are likely to be found in the same 

habitat and are at least potentially competitors for the same 

resources. 

The ecological relationships of four sympatric species of 

Nevodia have been studied in some depth (see Table 2). It was found 

that the species show some separation in their niche requirements. 

Nerodia fasaiata and N. erythvogaster prefer similar prey items and 

display ontogenetic changes in feeding preference from fish to frogs. 

Nevodda evythvogastev, however, is a much larger species and takes 

larger prey sizes then does N. fasoiata (Mushinsky et al. 1982). 

There are also differences in activity time and habitat preferences 

between the two species. Nerodia ayalopion and iY. rhombifera share 

similar prey and microhabitat preferences, but differ in their pre 

ferred activity time. Nevodia vhorribifeva also eats larger prey than 

does N. ayalopion (Mushinsky et al. 1982). 

Sexual as well as species differences are evident in the 

ecological requirements of some Nevodia species. Large females of 

N. ayalopion and N. vhorribifeva eat larger prey than do the smaller 
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Table 2 

Some Ecological Parameters of Four Species of Nerodia 

Feeding ^ Habitat ̂  
Species Activity Time^ Preference Preference 

N. fasoiata Primarily diurnal Fish, frogs Generalist 

becoming nocturnal 
in September 

2 
N. evythvogastev Nocturnal Frogs, fish Sparce vegetation 

and gently 
sloping shorelines 

N. ayolopion Diurnal Fish Gently sloping 
shorelines devoid 

of vegetation 

N.rhombifera Nocturnal Fish Space vegetation 
and gently sloping 
shorelines 

1Mushinsky and Hebrard 1977b. 

"Mushinsky and Hebrard 1977a. 

^Hebrard and Mushinsky 1978, 
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conspecific males. This phenomenon is not seen in the species that 

eat frogs as adults. The typical size of the frogs is such that 

large females as well as the somewhat smaller males can both ingest 

the same prey (Mushinsky et al. 1982). 

While the adults of the four species discussed above function 

as four separate feeding units, juveniles of these species can be 

considered a single feeding unit since all individuals less than 

50 cm in snout-vent length feed on the fishes Gamhusia and Eeteran-

dria (Mushinsky et al. 1982). Competition among the juveniles could 

be high if prey abundance should drop for some reason. Since the 

change to the adult diet seems to require the attainment of a certain 

size, the rate of growth can pretty well determine when an individual 

can "escape" from this common feeding pool. 

Expevi-mentat Rationale 

As mentioned earlier, there are problems involved in studying 

growth patterns both in the field and in the laboratory. The prob 

lems in these two situations, however, are of different natures. 

Two major problems with field studies are the lack of accurate 

knowledge concerning dietary input and fecal output, and the diffi 

culty in following a single individual through time. Because these 

two difficulties can be overcome under laboratory conditions, it is 

possible to address some questions that would be difficult to answer 

under field conditions. This study is laboratory based in order to 

address the following questions: How do females achieve a greater 

size than males? How do larger species attain a larger size 
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than smaller ones? Does the feeding regimen affect the growth pat 

tern? How much variability in growth rates exists among individuals 

from a single litter? 

The answers to the first two questions can take several forms: 

Individuals of the larger group can be more efficient at using what 

is consumed, they can eat more than individuals of the smaller graup, 

or they can display a slower decrease in the growth rate with age. 

These solutions can act singly or in combination in any of the situa 

tions. Variability in growth rate can also take a variety of forms. 

Individuals may vary in the rate of weight and overall length in 

crease, or they may vary in the rate at which various body parts grow 

in relation to each other. It is the purpose of this study to 

examine these possibilities in order to determine which ones may be 

operating in natural populations. 

The genus Bevodia was chosen as the subject for this study 

for several reasons. First of all, there is a considerable range in 

adult body size of species in the genus. Many of the species are 

sympatric and because of the similarity in their ecological require 

ments are at least potential competitors. The specific ecological 

requirements of four of the species of Nerodia have been examined in 

some depth and an examination of their growth rates can add to the 

understanding of the ecological relationships of the species. 

Nerodia species are also fairly easy to obtain and can be maintained 

in captivity with relative ease. 



CHAPTER 2 

GENERAL PROCEDURES 

Subjects and Housing 

Three species of Nerodia, N. fasaiata confLuens, N. a. cyclo-

pion, and N. v. rhombifera, viere used as subjects in this growth 

study. All individuals were captive-born to wild-caught females that 

had completed gestation in the lab. 

The majority of the snakes were housed individually in 

31 X 17.2 X 8.3 cm plastic boxes. The boxes were equipped with a 

water dish and a 10 x 15 cm index card which could be used as a shel 

ter. A few of the snakes were specially housed in order to address 

specific questions. Details of the housing of these snakes can be 

found in the procedure of the appropriate experiment. 

Weighing and Measuring 

All subjects were sexed, weighed, and measured as soon as 

possible after birth. Sexing in newborn snakes was accomplished by 

applying pressure to the base of the tail which everted the hemipenes 

in males. The sex of these snakes was later confirmed by probing 

the post cloacal region of the tail after the snakes had reached an 

appropriate size. Only one of the over 60 snakes was misidentified 

as to sex during the initial sexing procedure. 

Snakes were measured by gently, but firmly stretching them 

along a meter stick. Both snout-vent length (SVL) and total 

25 
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length (L) were measured to the nearest millimeter and tail length 

(TL) was determined by subtracting SVL from L. Snakes were 

measured every four weeks during the study using the procedure 

described above. 

Most of the snakes were weighed once per week and all were 

weighed to the nearest 0.01 g. The number of days allowed to elapse 

between feeding and weighing varied from experiment to experiment but 

was never less than four. The weight (W) of a snake for any four 

week period was taken as the average of the weekly weights during 

that period, the first and last days' weights inclusive. The aver 

aging was used to avoid the problem of sudden weight loss that occurs 

when snakes shed and to diminish the effect of fluctuations in weight 

due to water gain or loss. Some snakes were weighed only once every 

four weeks because of the special experimental treatment they re 

ceived. Details of these experiments can be found in the procedure 

of the appropriate experiment. 

Feeding 

All snakes were maintained on a diet of fathead minnows, 

PimephaZes promeZas, or a combination of fathead minnows and mosqui-

tofish, Gambusia affinis. All food items were presented live to the 

snakes after being weighed. Each food item was patted dry with a 

paper towel, placed in a dry petri dish, and weighed to the nearest 

milligram on an analytical balance. After weighing, food items were 

placed in a snake's water dish and left for 24 hours. At the end of 

this period, all uneaten food items were removed. The weight of the 
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food given to the snakes was gradually Increased as the snakes 

increased in size, 

Dietcccy Analysis 

The dry weight of food consumed was determined by drying 70 

individuals of each food item. These items spanned the range of food 

sizes offered to the snakes. Each food item was patted dry with a 

paper towel and weighed while still alive. The food item was then 

killed by placing it in eCC water, and then wrapped individually in 

aluminum foil, being careful to leave an opening in the top to allow 

moisture to escape. The foil packet containing the food item was 

then dried to constant weight in a laboratory oven set at 60°C. The 

dried food item was then removed from the foil packet and weighed. 

The proportion of dry weight for each item was determined by the 

following formula: 

Dry weight of itemProportion of Dry Weight = net weight of item 

The average proportion of dry weight for each kind of food item was 

used to calculate the dry weight of food consumed for that particular 

food item. The dried food items were subsequently ground to a fine 

powder and analyzed for caloric contant by bomb calorimetry. These 

figures were used in the calculation of the total calories consumed. 

In several experiments, a feces analysis was also made. For 

the purposes of feces collection, the shelter was removed from the 

cages. Feces were collected for four week periods at various times 

throughout the experiments. The sides and bottom of each cage were 
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scraped to ensure collection of as much of the fecal material as 

possible. Fecal samples were collected separately for each group 

according to the sex, species, and feeding regimen of the snakes. 

Samples were dried to constant weight at 60°C in a laboratory oven. 

The dry weight of the feces wsa then taken and used to determine 

dietary assimilation efficiencies by weight using the formula 

Dry weight of _ Dry weight of 
Assimilation Efficiency _ food consumed " the feces ,qq 

by Weight Dry weight of food consumed 

Dried feces were subsequently ground to a fine powder and analyzed 

for caloric content by bomb calorimetry. Caloric assimilation effi' 

ciencies were calculated using the following formula: 

Caloric content _ Caloric content 
Caloric Assimilation ^ of food consumed of feces ^ 

Efficiency Caloric content of food consumed 



CHAPTER 3 

GROWTH MODELS AND GROWTH IN NEROBIA 

Introduction 

Growth in various species of reptiles has been shown to fit 

several growth models which differ in their predictions as to when 

growth is most rapid (see pages 16-17). Nerodia fasciata from 

Shelby County, Tennessee provided enough data to evaluate the ability 

of these models to estimate changes in size as a function of time and 

as a function of the weight of food consumed. These data constitute 

the results of experiment 1. The amount of data available from the 

other species was insufficient to evaluate the growth models, but due 

to their close taxonomic relationship to N. fasciata, it can be 

assumed, at least temporarily, that their growth follows the predic 

tions of the same growth model. 

In addition to their use in evaluating the growth models, the 

data from N. fasciata were also used in evaluating sexual and indiv 

idual variation in growth. These subjects are discussed in Chapter 4 

and Chapter 5 respectively. 

Materials and Methods 

Subjects and procediLres. Subjects for experiment 1 consisted 

of 14 (eight male and six female) broad-banded watersnakes, Nerodia 

fasciata confluens, that were captive born to a wild caught female 

from Shelby County, Tennessee. The snakes were born September 9, 1979 
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and were initially weighed and measured on September 14, 1979. The 

snakes were initially maintained on a diet of mosquitofish but were 

switched to fathead minnows at either seven or eight months of age 

when the snakes had grown too large to be efficiently fed with 

mosquitofish. 

The snakes were fed twice per week and were weighed on the 

fourth day following the first feeding session of the week. The 

second feeding of the week immediately followed weighing. L and SVL 

measurements were made once every four weeks. Feces were collected 

during the thirteenth, twenty-first, and twenty-fifth months after 

birth. 

This experiment was designed primarily to examine the relation 

ship between food consumption and growth in relation to established 

growth models. The data were analyzed to see how well they conformed 

to the predictions of the linear, Bertalanffy, and logistic growth 

models. This experiment was also designed to examine sexual and 

individual variation in growth rate among siblings. The collection 

and analysis of the-feces allowed an examination of the relationship 

between assimilation efficiency and growth rate. The latter three 

subjects will be examined in later chapters. 

Data analysis. Growth data for W, L, SVL, and TL as a func 

tion of time and as a function of the total weight of food consumed 

were analyzed using the Bertalanffy and logistic growth models. A 

linear analysis as a function of the total weight of food consumed 

was also made. The slope of the linear regression line represents 
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the average production-ingestion ratio (P-I ratio) for the time 

period covered by the regression line. The P-I ratio is the increase 

in the growth parameter (W, L, SVL, or TL) per gram of food consumed 

and can be calculated as follows: 

Increase in 

p T Ratin = the growth parameter
Weight of food consumed during 

the growth period 

The increase in the growth parameter is in grams in the case of W and 

in millimeters in the cases of L, SVL, and TL. The P-I ratios used 

here differ from those of Smith (1976) in that the ratios in this 

study are not expressed as a percentage of the amount of food con 

sumed. This modification was made because percent has no meaning in 

relation to L, SVL, and TL and the weight of food consumed since two 

different scales of measurement (mm and g) are involved. The P-I 

ratio provides a convenient means of expressing growth in terms of 

how much increase in size fs realized per gram of food consumed. 

The data were tested for their conformity to the Bertalanffy 

2 
and logistic models primarily by comparison of the r values and the 

amount of variation unexplained by the model (Sum of Squares Error = 

SSE) of each model for the growth parameters W, L, SVL, and TL. 

Comparisons were also made of the predictions of the models for 

asymptotes and initial sizes. 
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Results 

Comparisons of growth models. Although the actual values 

differ, the general pattern of the scatter plots of W, L, SVL, and 

TL for both males and females is the same. This situation applies 

whether the data are plotted as a function of food weight or as a 

function of time. Because of the similarity of the results for the 

sexes, the relationship between the models and the data are illustra 

ted using only the male data. Also since the patterns of growth for 

L, SVL, and TL are similar, SVL is used in some cases to illustrate 

the relationship between the models and the data for length. The 

data for growth for all of the growth parameters in females, and for 

growth in L and TL in males are included in the appropriate tables. 

Data for W, L, SVL, and TL as a function of food weight for 

the first four years of growth are shown in Figures 3 and 4. The 

lines in these figures represent the best linear regression line 

that can be drawn for each data set. Obviously the linear model 

does a poor job of describing the variation in the data for this 

period of time. Despite the fact that a straight line does not fit 

the entire data set, it can be used to describe smaller portions of 

the data. Table 3 compares the regression lines fitted to one, two, 

three, and four years of growth data. Not only does the correspon-

dence of the linear regression and the data, as measured by the r 

value, decrease as larger time units are employed, but the estimates 

of the starting values of the growth parameters are progressively 

further from the actual mean values. Use of the linear model with 
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Figure 3. The Linear Growth Model Fitted to the Weight (W) and Total 
Length (L) Data for Male Nerodia fasoiata from Shelby 
County, Tennessee. A. The Data for Weight as a Function 
of Food Consumed. B. The Data for Total Length as a 
Function of Food Consumed. 
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even smaller time units should produce even greater correspondence 

between the model and the data. Use of the linear model for periods 

of up to one year, however, is reasonable. 

In contrast to the linear model, the Bertalanffy and the 

logistic models describe asymptotic curves and therefore are more 

likely to show a high correspondence to the data. Growth as a func 

tion of time and as a function of food weight produce quite different 

scatter plots and fitting the models to the two types of data pro 

duced different results. Figure 5 shows the Bertalanffy, logistic-

by-length, and logistic-by-mass models fitted to the data for W as a 

function of food weight for male N. fasoiata. Figure 6 shows the 

three models fitted to the same data as a function of time. Figures 

7 and 8 show the models fitted to the data for SVL. It is obvious 

that the scatter about the regression lines in the plots of size on 

time is much greater than that about the regression lines in the 

plots of size on food weight. This result is due to the fact that 

growth as a function of time does not compensate for the different 

amounts of food consumed by individuals. Plotting growth as a func 

tion of food weight compensates for the differences in food consump 

tion rates, but the information concerning the time frame is lost. 

Whether the data is plotted as a function of time or as a 

function of food weight, the total amount of variation among the 

data points is the same since it involves the same size data. The 

difference in the two plots is in how much of the total variation 

can be explained by the use of any particular model. The unexplained 

variation (SSE) can then be used as a measure of the lack of 
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correspondence between a model and the data. Generally the SSE for 

each of the three models is smaller when size is evaluated as a 

function of food weight than when it is evaluated as a function of 

time (see Table 4). Because of the greater correspondence between 

the data and the models, size as a function of food weight makes for 

a better test of the three growth models. 

The diagrams of the three growth models fitted to the data in 

Figures 5 and 7 give very little indication of which model provides 

a better fit of the data. To distinguish among the models, it is 
p 

necessary to examine the r values and the SSE for each model (see 

Table 4). In nearly every case, the Bertalanffy model had a smaller 

SSE than the other models. Also a comparison of the estimates of 

size at birth generated by the models and the mean size at birth for 

any of the growth parameters (see Table 4) shows that the Bertalanffy 

model generally made the best estimate. Growth in these snakes 

therefore can be said to correspond to the Bertalanffy growth model. 

Manipulation of the parameters of the Bertalanffy growth 

model. The two most important parameters of the Bertalanffy growth 

model in terms of describing growth are the asymptote and the growth 

constant r. In order to show the effect that these two parameters 

have on the shape of the growth curve, their values were manipulated 

using equations 8 and 9 (see page 15) with some simulated food con 

sumption data. The results of these manipulations are shown in 

Figures 9 and 10, In Figure 9, the asymptote for SVL of curves A and 

B was set at 800 mm. The growth constant for curve A was set at 
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0.0025 and that for curve B was set at 0.005. The result of this 

manipulation is that both curves approach 800 mm as a maximum, but 

curve B approaches it at a much more rapid rate and shows a more 

rapid decline in the growth rate as it nears the maximum. In fact, 

since the growth constant of curve A is only half that of curve B, 

it takes twice as much food to reach 90% of the asymptote (720 mm) 

in curve A as it does to reach the same point in curve B. 

The asymptote for curve C was set at 1200 mm and the growth 

constant was set at 0.005. Because the growth constant of curves B 

and C are identical, the two curves approach their respective asymp 

totes at the same relative rate and show the same rapid decline as 

they near their asymptotes. Since the asymptote of curve C is 

greater than that of curve B, curve C increases at an absolute faster 

rate. At 375 g of food, curve C has increased to 1059 mm, from an 

original SVL of 280 mm. Curve B has only increased to 720 mm from 

the same original SVL. 

Curves A, B, and C in Figure 10 are the corresponding W curves 

for the SVL curves A, B, and C respectively in Figure 9. In addition 

to the parameter values set for the SVL curves, the value of the con 

stant c in equation 9 (see page 15) was set at 7 x 10 ̂  for all of 

the curves. As in Figure 9, curves A and B in Figure 10 approach the 

same asymptote, but curve B approaches it at a much more rapid rate. 

Also as in Figure 9, curves B and C approach their respective asymp 

totes at the same relative rate, but the difference in the asymptotes 

for W is much greater than the difference for SVL. This result is 

due to the fact that snakes become progressively heavier per unit 
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length as they increase in length. Because of the greater difference 

in their asymptotes, the difference in the absolute rate of increase 

in curves B and C is greater for W than it was for SVL. At 375 g of 

food, curve C had increased to 831 g from an original weight of 15 g. 

Curve B had only increased to 262 g from the same original weight. 

DisQussion 

While it is appropriate under the conditions of this experi 

ment to evaluate growth as a function of the total weight of food 

consumed, it is traditionally evaluated as a function of time. This 

difference is due to the fact that growth curves are normally con 

structed from field data instead of from laboratory data. Several 

points are of importance in comparing field studies with this study. 

First of all in the field, a reliable growth curve can be constructed 

for a population in as little as two growing seasons since animals 

of different ages can be tracked at one time. This situation cir 

cumvents the need to follow one particular individual until it 

reaches its full adult size. Second, the growth curve constructed 

from field data can be used as an estimate of the growth rate of 

individuals in that population. The growth curve in this study can 

not be used in this way for two reasons: Repeated measures on the 

same animals violate the assumption of independence of observations 

required of regression analysis, and the animals in this study were 

raised in the lab under conditions that can hardly be considered 

natural. The effects that these conditions had on the growth of the 

snakes cannot be known with very much accuracy. As a consequence of 
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the two conditions stated above, the actual values generated for the 

growth curves in this study can only be applied to the animals in 

this study. 

Since it seems that growth curves constructed from data from 

captive animals cannot be applied with any certainty to free-living 

animals, why bother collecting the data? There are two advantages to 

conducting growth studies in the lab: The amount of food consumed by 

any individual can be accurately measured in the lab, and individuals 

can be compared with one another with reasonable control of the vari 

ables that can confound individual differences in the field. Differ 

ences in the feeding rate are largely responsible for the variation 

in growth rates among snakes (Wharton 1966, Smith 1976, Barnard et al. 

1979). Observing growth under laboratory conditions is the only way 

to control this major source of variation in growth rates. Measuring 

growth as a function of time is the most accurate means available for 

field studies. Laboratory studies can use the weight of food con 

sumed which is a more proximate factor controlling growth. 

Since the pattern of growth of the snakes in this study is 

most closely described by the Bertalanffy growth model, something 

should be said about what this actually means. The implications of 

growth by the Bertalanffy growth model is that growth in length will 

be greatest for the youngest animals and gradually decrease with age 

(see Figure lA, page 13). In terms of food consumption, the P-I 

ratio for length should be greatest at birth and gradually decrease. 

In contrast the logistic-by-length model predicts that the rate of 

growth in length will increase until the animal reaches 50% of 
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asymptotic length and then the rate will begin to decrease (see 

Figure 2A, page 15). The logistic-by-mass mode! has the growth rate 

increasing until 53% of asymptotic length is reached. Growth in 

weight follows the same general pattern in the three models as growth 

in length. The rate of growth in weight increases in the Bertalanffy 

model until 30% of asymptotic weight is reached and the rate increases 

in the logistic-by-length and logistic-by-mass models until 42% and 

50% of asymptotic weight respectively are reached. 

For an animal that must reach a certain size in a short period 

of time, it would certainly be advantageous to grow according to the 

logistic-by-mass model. Long-lived animals are probably not under 

any pressure for very rapid growth and are more likely to have growth 

patterns that correspond to the Bertalanffy model. In fact, a 

reasonably long life expectancy is probably a prerequisite for growth 

by the Bertalanffy model. Of course, there can be many intermediate 

cases whose growth are more closely described by the logistic-by-

length model. There is also no reason why growth cannot fall between 

the predictions of the models since animals are not restricted by the 

constraints of a mathematical model (Kaufmann 1981). This fact can 

explain why the growth in TL in males is more closely fit by the 

logistic-by-length model when W, L, and SVL are more closely fit by 

the Bertalanffy model (see Table 4, page 42). 

The observations on the changes in the Bertalanffy growth 

model brought about by changes in the asymptote and growth constant 

have important implications for comparisons of different groups. 

These groups can be different species, populations, or sexes. Since 
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the values of the growth constant r are directly comparable among 

groups regardless of the size of the animals (Ricklefs 1968, Andrews 

1976), it is important to know what the differences between the 

groups means in terms of growth. Generally the large the value of r, 

the more rapidly the animal will approach its asymptote. By compar 

ing r values as well as the P-I ratios, the differences in relative 

as well as the absolute rates of growth between groups can be deter 

mined. These rates are examined in Chapter 4. 



CHAPTER 4 

GROWTH PATTERNS IN NEROVIA 

Introduction 

Data from three separate experiments were used in the analysis 

of growth in N. fasoiata, N. cyalopion, and N. rhombifera. Experi 

ment 1 was discussed in relation to growth models in Chapter 3 and 

is discussed here in relation to sexual variation in growth. 

Experiment 2 was designed primarily to examine the effect 

that the feeding regimen has on the growth rate. In addition, data 

from this experiment allow the examination of sexual, species, and 

individual variation in growth rate. The species comparisons are of 

particular interest since the snakes in this experiment are all off 

spring of females that were collected within 100 m of each other. An 

examination of the response of these potentially competing individ 

uals to similar conditions in the lab can therefore, at least poten 

tially, give some insight into how these species interact in the wild. 

Data are also available for an examination of the relationship 

between assimilation efficiency and growth rate. 

Experiment 3 was designed to examine growth under circumstan 

ces in which the snakes had the opportunity to set their own feeding 

level. In addition, since these snakes are from the same litter of 

N. fasoiata used in experiment 2, the data from this experiment 

represent another feeding regimen that can be compared with the two 
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included in that experiment. Sexual and individual variation in 

growth rate can also be examined. 

Materials and Methods 

Experiment 1. The subjects and procedures for experiment 1 

were discussed earlier (see Chapter 3). In Chapter 3, the data from 

these snakes were discussed in relation to several growth models. In 

this chapter, only the information pertinent to sexual variation in 

growth will be discussed. 

Experiment 2. Subjects for this experiment consisted of eight 

green water snakes, Nerodia e. ayalopion, 15 diamondback water snakes, 

y. r. rhombifera, and 12 broad-banded water snakes, N. fasoiata oon-

fluens. Gravid female snakes were collected June 28 and 29, 1980 at 

Reelfoot Lake, Lake County, Tennessee. These snakes were kept in the 

laboratory at temperatures ranging from 19°C to 26°C during the ges 

tation period. The N. a. cyolopion were born October 4, 1980, the 

E. fasoiata oonftuens were born October 3, 1980, and the N. r. rhom 

bifera were born October 15, 1980. 

Snakes from all three species were allocated to one of two 

feeding groups taking care that both sexes were equally represented 

in each group. One group was fed once per week while the other group 

was fed an equal amount but in two feeding sessions per week. For 

purposes of discussion, the once-per-week group is referred to as 

the intermediate meal size group and the twice-per-week group is 
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referred to as the small meal size group. Both groups were main 

tained on an exclusive diet of fathead minnows. 

The snakes were weighed on the fourth day after feeding in 

both groups. The second feeding session of the week for the small 

meal size group immediately followed weighing. Measurements of L and 

SVL were made once every four weeks. Feces were collected during the 

first, eighth, and twelfth months after birth. 

Experiment 3. Subjects for this experiment consisted of six 

(three male and three female) broad-banded water snakes, N. fasaiata 

aonfluens, which were captive-born to a wild-caught female from 

Reelfoot Lake, Lake County, Tennessee. These six animals were part 

of the litter of E. fasaiata aonfluens used in experiment 2. These 

snakes were separated from their littermates at birth to be used in 

a "free access" study designed to determine the natural feeding pat 

terns of this species. 

The snakes were housed individually in 31 x 15 x 15 cm 

wooden boxes to which a.32 x 31 x 31 cm plexiglass aquarium was 

attached. The bottom of the aquarium was lined with gravel and a 

pool of water 2.5 cm deep was created. This apparatus was designed 

to simulate natural conditions and allow the snakes the opportunity to 

"hunt" for their prey. 

A set number of fathead minnows were weighed as a group and 

introduced into the pool and left for 24 hours. The snakes were 

originally given five fish each, but this number was increased as the 
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snakes increased in size. The fish remaining the next day were 

weighed as a group and the difference between this weight and the 

weight of the fish first introduced was taken as the weight of fish 

consumed. This procedure was repeated every other day. In relation 

to growth and feeding regimen, this group is referred to as the 

large meal size group. 

The snakes were weighed once every four weeks so that the 

feeding regimen would be disrupted as little as possible. Measure 

ments of L and SVL were made every four weeks. No feces collections 

were made. 

data Analysis 

Growth data for W, L, SVL, and TL as a function of total 

weight of food consumed were analyzed using the Bertalanffy growth 

model for time periods greater than one year, and the linear model 

for time periods of one year or less duration. Comparisons of 

slopes (P-I ratios) of the linear regressions by the t-test for 

parallelism provided the means of analyzing feeding regimen, sexual, 

species, and individual variation in growth rates by the linear 

model. Comparisons of the predicted asymptotes and the growth con 

stants (r) along with their 95% confidence intervals provided the 

means of analyzing variation in growth by the Bertalanffy model. 

Comparisons were made of the increase in weight per unit 

length (W/SVL) as a function of SVL by the linear model. The 

slopes of these regression lines were compared between groups and 

between individuals by the t-test for parallelism. Both caloric and 
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assimilation efficiencies by weight (see page 28 for calculation 

formulas) were determined to examine the relationship between 

assimilation efficiency and growth rate. 

Results 

Feeding regimen and growth. Comparisons of the P-I ratios of 

all of the growth parameters (W, L, SVL, and TL) appear by groups 

(species and sex) in Table 5, Variation in growth, however, is 

discussed separately for length and weight in order to present a 

clearer picture of how the change in feeding regimen affects each 

growth parameter. Since the data concerning the feeding regimen and 

growth were only collected for a maximum of one year, analysis was 

made using only the linear growth model. 

Analysis of length increases. The P-I ratios for all of the 

length measures for male N. fasaiata were significantly greater for 

the intermediate meal size group than for the large meal size group. 

Comparisons of the P-I ratios of the intermediate and small meal size 

groups as well as the large and small meal size groups revealed no 

significant differences (Figure 11). The differences between the P-I 

ratios for TL for the large and small meal size groups, however, 

approached significance (see Table 5). 

The results for female N. fasaiata differed from those of the 

males. The P-I ratios for all of the length measures for the 

females were significantly greater for the intermediate meal size 

group than for the large or for the small meal size groups. The 
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Table 5 

Comparisons of Production-Ingestion (P-l) Ratios for Weight (W), 
Total Length (L), Snout-Vent Length (SVL), and Tail 

Length (TL) by Meal Size for Two Species of 
Nerodia from Lake County, Tennessee 

Meal P-I 

Groups Parameter Size Ratio t df P 

N. fasaiata 
male 

W Large 
Intermediate 

0.2190 
0.2154 

0.50 97 0.6205 

Large x 
Intermediate 

L Large 
Intermediate 

1.2345 
1.6158 

3.58 97 0.0005 

Meal Size 
(12 months) SVL Large 

Intermediate 
1.0055 
1.2637 

3.23 97 0.0017 

TL Large 
Intermediate 

0.2291 
0.3521 

4.37 97 0.0001 

Large x Small 
Meal Size 
(10 months) 

W 

L 

Large 
Smal 1 

Large 
Smal 1 

0.2334 
0.2109 

1.6677 

1.8478 

2.65 

1.61 

62 

62 

0.0101 

0.1115 

SVL Large 
Small 

1.3422 

1.4653 
1.42 62 0.1618 

TL Large 
Smal 1 

0.3254 
0.3824 

1.95 62 0.0554 

Intermediate x 

Small Meal Size 
(10 months) 

W 

L 

Intermediate 
Small 

Intermediate 
Small 

0.2290 
0.2109 

2.0520 
1.8478 

1.74 

1.39 

73 

73 

0.0860 

0.1678 

SVL Intermediate 
Small 

1.6151 
1.4653 

1.41 73 0.1633 

TL Intermediate 
Small 

0.4369 
0.3824 

1.24 73 0.2191 
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Table 5 (Continued) 

Groups Parameter 

Meal 

Size 

P-I 

Ratio t df P 

N. fasaiata 
female 

W Large 
Intermediate 

0.2614 

0.2393 
3.16 83 0.0022 

Large x 
Intermediate 

Meal Size 
(12 months) 

L 

SVL 

Large 
Intermediate 

Large 
Intermediate 

0.9747 
1.8146 

0.8145 
1.4605 

9.77 

9.25 

83 

83 

0.0001 

0.0001 

XL Large 
Intermediate 

0.1603 

0.3541 
7.77 83 0.0001 

Large x Small 
Meal Size 

(8 months) 

W 

L 

Large 
Smal 1 

Large 
Smal 1 

0.2690 

0.1859 

1.4808 

2.0563 

5.22 

3.11 

41 

41 

0.0001 

0.0034 

SVL Large 
Smal 1 

1.2183 

1.7451 
3.85 41 0.0004 

XL Large 
Smal 1 0.3112 

0.87 41 0.3879 

Intermediate x 

Small Meal Size 
(8 months) 

W 

L 

Intermediate 
Small 

Intermediate 
Small 

0.2536 
0.1859 

2.6326 
2.0563 

5.30 

3.07 

41 

41 

0.0001 

0.0038 

SVL Intermediate 
Small 

2.1502 
1.7451 

3.11 41 0.0034 

XL Intermediate 
Small 

0.4824 
0.3112 

2.57 41 0.0139 
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Table 5 (Continued) 

Groups 

N. vhorribifera 
male 

Intermediate x 

Small Meal Size 
(10 months) 

N. vhombifeva 
female 

Intermediate x 

Small Meal Size 
(10 months) 

Parameter 

W 

L 

SVL 

TL 

SVL 

TL 

Meal 

Size 

Intermediate 
Small 

Intermediate 
Small 

Intermediate 
Small 

Intermediate 
Small 

Intermediate 

Small 

Intermediate 

Small 

Intermediate 

Smal 1 

Intermediate 

Smal 1 

P-I 

Ratio 

0.1817 
0.1455 

1.1871 
1.0411 

0.8294 
0.7279 

0.3577 
0.3133 

0.2084 

0.1861 

1.3789 

1.2443 

1.0379 

0.9555 

0.3411 

0.2888 

t df P 

3.83 74 0.0003 

1.77 74 0.0811 

1.82 74 0.0727 

1.12 74 0.2649 

1.73 86 0.0870 

1.02 86 0.3086 

0.84 86 0.4007 

1.40 86 0.1658 



�

60 

600-

/./500-
4 

/ 
E 500 / 

^. 

400- <. 

Vj 
*. 

400-

> 5^ 
CO 300-

300 

50 100 15050 100 

Food Consumed (g)Food Consumed (g) 

150 

E 
E 

100 

Meal Size 

•— Small 

•— Intermediate 
50-

— Large 

50 100 150 

Food Consumed (g) 

Figure 11. Effect of the Feeding Regimen on Growth in Length in Male 
Nepodia fasodata from Lake County, Tennessee. A. The 
Effect on Total Length (L). B. The Effect on Snout-
Vent Length (SVL). C. The Effect on Tail Length (TL). 
Data Represent the First 10 Months of Growth. 
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P-I ratios were also significantly greater for the small meal size 

group than for the large meal size group for L and SVL, but not for 

TL (Figure 12). 

Male and female N. rhombifera in the intermediate and small 

meal size groups did not have significantly different P-I ratios 

for any of the length measures (Figures 13 and 14). The differences 

in the P-I ratios for L and SVL in males, however, did approach sig 

nificance (see Table 5). 

It is apparent that the effect that the feeding regimen has on 

the rate of growth in length depends on the species as well as the 

sex of the animal. Female N. fasoiata are apparently best at using 

food energy for growth in length when it is consumed in small sized 

meals than when it is comsumed in large ones. Male N. fasoiata show 

the same trend although the magnitude of their response to changing 

meal size is not as great as in females. This fact is evident from 

the lack of significant differences between most of the meal size 

groups in males. The shift in the P-I ratio with changing meal size 

could be caused by either a shift in the proportion of the diet that 

is used for other purposes (e.g., more energy for maintenance or for 

growth in weight) or by a drop in the assimilation efficiency so 

that more of the energy consumed is excreted in the feces. Judging 

by the relative sizes of the shift in the ratios, it seems evident 

that male and female N. fasoiata proportion the use of the food 

energy available to them in different ways. 

The feeding regimen has little affect on the allocation of 

food energy for various purposes in N. rhombifera, at least within 
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Figure 12. Effect of the Feeding Regimen on Growth in Length in 
Female Nevodia fasa-iata from Lake County, Tennessee. 
A. The Effect on Total Length (L). B. The Effect on 
Snout-Vent Length (SVL). C. The Effect on Tail Length 
(TL). Data Represent the First Eight Months of Growth. 
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Figure 13. Effect of the Feeding Regimen on Growth in Length in Male 
Nevodia vhomb'tfeva. A. The Effect on Total Length (L). 
B. The Effect on Snout-Vent Length (SVL). C. The Effect 
on Tail Length (TL). Data Represent the First 10 Months 
of Growth. 
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Figure 14. Effect of the Feeding Regimen on Growth in Length in 
Female Nerodia rhomhifeva. A. The Effect on Total 
Length (L). B. The Effect on Snout-Vent Length (SVL). 
C. The Effect on Tail Length (TL). Data Represent the 
First 10 Months of Growth. 
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the range of meal sizes presented here. It is of interest, however, 

that the same trend in P-I ratio changes evident in N. fasaiata is 

indicated by the N. rhonibifeva data (see Figures 11 through 14). 

Further discussion of meal size and the allocation of energy for 

growth can be found in the following two sections. 

Anatysi-s of weight increases. The P-I ratios for increases 

in weight showed a different trend in relation to the feeding regimen 

than did the P-I ratios for increases in length. In both male and 

female N. fasaiata, the highest P-I ratios were found in the large 

meal size group followed by the intermediate meal size group, then 

the small meal size group (Figure 15). In the females, there was a 

statistically significant difference among all of the meal size 

groups, while in the males a significant difference occurred only 

between the large and the small meal size groups (see Table 5, pages 

57-59). In N. rhombifera, a significant difference occurred only 

between the P-I ratios of the males although the difference in the 

P-I ratios of the females approached significance (see Table 5). The 

trend in N. rhombifera is the same as that found in N. fasaiata: the 

larger the meal size, the higher the P-I ratio (Figure 16). 

As with increases in length, the effect of the feeding regimen 

on the P-I ratio for increases in weight differs for each species and 

each sex. The sexual differences are largely a matter of magnitude. 

The difference in the P-I ratios is greater in females than in males 

in N. fasaiata, and greater in males than in females in N. rhombifera 

(see Figures 15 and 16). It is apparent that N. fasaiata and 
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Figure 15. Effect of the Feeding Regimen on Growth in Weight (W) in 
Nerodia fasaiata from Lake County, Tennessee. A. The 
Effect in Males. B. The Effect in Females. Data for 
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N. rhomhifeva do not respond in Identical manners at least as far as 

which sex responds more vigorously to a change in meal size. 

It is of interest that while the large meal size groups 

showed the lowest P-I ratios for increases in length, they showed 

the highest P-I ratios for increases in weight. This phenomenon 

lends support to the idea of a shift in the proportion of the diet 

allocated to various bodily functions with a shift in the meal size. 

A result of the different trends in increases in length and weight 

with changing meal size is a difference in the weight per unit length 

(W/SVL) among the meal size groups (see Table 6). In both male and 

female y. fasaiata, the large meal size group increased in W/SVL at 

a significantly faster rate than did males and females respectively 

in the intermediate and small meal size groups. The intermediate 

and small meal size groups were not significantly different. The 

greater increase in W/SVL in the large meal size group resulted in 

the snakes of that group being heavier-bodied at any given SVL than 

snakes in the intermediate or small meal size groups (Figure 17). 

Comparisons of W/SVL for N. rhombifera showed a significant differ 

ence between meal size groups for the females, but not for the males 

(see Table 6). The significant change in the females was apparently 

due to the fact that a change in meal size affected primarily their 

P-I ratio for W and not for SVL, which resulted in a large change in 

W/SVL. Males, on the other hand, showed large changes for W and SVL 

in the same direction which resulted in very little change in W/SVL 

(see Table 5, pages 57-59). A summary of the results of the effect 

of feeding regimen on the pattern of growth can be found in Table 7. 
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Table 6 

Comparisons of the Rate of Increase in Weight Per Unit 
Length (W/SVL) for Nerodia fasaiata and 

N. rhombifera by Meal Size 

Slope* 
Species Sex Meal Size (x 10^) t df P 

N. fasoiata Large 8.41 
5.50 66 0.0001 

Intermediate 6.45 

Large 8.41 
3.19 46 0.0020 

Smal 1 6.76 

Intermediate 6.45 
0.91 59 0.3688 

Smal 1 6.76 

% Large 9.27 
8.25 51 0.0001 

Intermediate 5.66 

Large 9.27 
7.58 41 0.0001 

Smal 1 5.71 

Intermediate 5.66 
0.28 41 0.7812 

Small 5.71 

Intermediate 8.70N. rhorribifeva 0 0.74 73 0.4601 
Smal 1 9.05 

? Intermediate 7.10 
2.08 84 0.0407 

Smal 1 6.15 

*The numbers presented here are the values of the slopes of 
the regression of W/SVL on SVL^. 
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Figure 17. Effect of the Feeding Regimen on the Rate of Increase in 
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Effect in Females. Data for Males Represent the First 10 
Months of Growth. Data for Females Represent the First 
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Table 7 

Summary of the Results of the Effect of the Feeding Reqimen on 
the Production-Ingestion (P-I) Ratios for Weight (W), 

Total Length (L), Snout-Vent Length (SVL), 
Tail Length (TL), and Weight Per Unit 

Length (W/SVL) in Two Species of 
Nevodia from Lake County,

Tennessee!»2 

Species W L SVL TL W/SVL 

N. fasoiata (^) 

Large Meal Size x NS s*** s** s*** s*** 

Intermediate Meal Size (L) (I) (I) (I) (I) 

Large Meal Size x 
Small Meal Size 

S* 

(L) 
NS 

(s) 
NS 

(s) 
NS 

(s) 
s** 

(L) 

Small Meal Size x 
Intermediate Meal Size 

NS 

(I) 
NS 

(I) 
NS 

(I) 
NS 

(I) 
NS 

(SM) 

N. fasaiata (?) 

Large Meal Size x 
Intermediate Meal Size 

s** 
(L) (I) 

s*** 

(I) (I) 
s*** 

(L) 

Large Meal Size x 
Small Meal Size 

^*** 

(L) 
s** 
(SM) 

s*** 
(SM) 

NS 
(SM) 

s*** 
(L) 

Small Meal Size x 
Intermediate Meal Size 

s*** 

(I) 
s** 

(I) 
s** 

(I) 
S* 

(I) 
NS 

(SM) 

/v. rhombivera (^) 

Small Meal Size x 
Intermediate Meal Size 

£*** 

(I) 
NS 

(:)■ 
NS 

(I) 
NS 

(I) 
NS 
(I) 

N. rhomhifera (?) 
Small Meal Size x NS NS NS NS S* 

Intermediate Meal Si ze (I) (I) (I) (I) (I) 
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Table 7 (Continued) 

^S* = Significant difference, p < 0.05. 
S** = Significant difference, p < 0.005. 
S*** = Significant difference, p < 0.0005 
pNS = No significant difference, p > 0.05. 
Symbols in parentheses represent the meal size with the higher 

P-I ratio for that growth parameter: 

I = Intermediate meal size. 
L = Large meal size. 
SM = Small Meal Size 
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Sexual Variation in Growth 

Introduction. Sexual variation not only applies to growth 

rates, but also to the rate of food consumption. Both parameters 

are discussed in the following sections. Comparisons of the P-I 

ratios of all of the growth parameters (W, L, SVL, and TL) appear 

by groups (species, population, and feeding regimen) in Table 8. 

Variation in growth, however, is discussed separately for length and 

weight in order to present a clearer picture of how sex affects each 

growth parameter. Discussion of the linear model analysis is fol 

lowed by discussion of the Bertalanffy model analysis for both large 

length and weight. Due to insufficient data for the other groups, 

only data for N. fasciata from Shelby County, Tennessee and N. fasci-

ata, N. cyalopion, and N. rhomhifera fed the intermediate meal size 

were analyzed using the Bertalanffy growth model. 

Rate of food consumption. For the most part, the snakes in 

the various experiments in this study were offered a set amount of 

food at each feeding. Under these conditions, a striking difference 

in the consumption rate of males and females would not be expected. 

In spite of this fact, some differences did emerge and these results, 

along with those of experiment 3, gave some indication of the sexual 

variation in food consumption rate that can be expected in natural 

populations. 

Of the snakes that were offered a set amount of food at each 

feeding, only the N. cyclopion showed a sexual difference in the 

average weight of food consumed during the first year. During this 
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Table 8 

Comparisons of Production-Ingestion (P-I) Ratios for Weight (W), 
Total Length (L), Snout-Vent Length (SVL), and Tail Length 

(TL) by Sex for Three Species of Nerodia 

P-I 

Groups Parameter Sex Ratio t df P 

N. fasoiata W ?̂ 0.2143 5.46 192 0.0001 
0.1844 

Shelby County, 
Tennessee L T? l.4b5/1.4657 3 ̂ 7 ^73 q 3337 

male x female 1.3420 

(12 months) 
SVL ? 1.1722 

6.72 192 0.0001 
0.9035 

TL ? 0.2935 
3.26 178 0.0013 

0.3339 

Lake County, W ?f 0.2615 6.07 86 0.0001 
0.2190 

Large Meal Size 
L 9 0.9747 

Tennessee 

male x female f 3.16 86 0.0022 
(12 months) 0

f 1.2345 

SVL 9 0.8145 
2.91 86 0.0046

1- 1.0055
0 

TL 9 0.1603 
2.97 86 0.0039 

0.2291 

9 0.2393Lake County, W + U.23y3 3 .r 94 0 0009 
f 0.2154Tennessee 0 

Intermediate 
9 1.8146Meal Size L ^ 1.81 94 0.0734 

1.6158male x female 
(12 months) 

SVL 9 1.4605 
2.35 94 0.0207 

1.2637 

TL 9 0.3541 
0.07 94 0.9452 

0.3521 
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Table 8 (Continued) 

Groups Parameter Sex 

P-I 

Ratio t df P 

N. fasoiata 

Lake County, 
Tennessee 

Small Meal Size 
male x female 

(8 months) 

W 

L 

SVL 

? 
^ 

+ 
^ 

+ 
^ 

0.1859 
0.2187 

2.0563 
2.1369 

1.7451 
1.6984 

2.35 

0.43 

0.35 

41 

41 

41 

0.0234 

0.6674 

0.7293 

TL ? 
^ 

0.3112 
0.4386 2.25 41 0.0302 

N. oyalopion 

Intermediate 

Meal Size 
male x female 
(12 months) 

W 

L 

SVL 

? 
^ 

+ 
1 
. 
? 
^ 

0.2253 
0.1679 

1.4632 
1.3343 

1.1617 
1.0028 

8.33 

1.77 

2.82 

108 

108 

108 

0.0001 

0.0789 

0.0058 

TL ? 
^ 

0.3015 
0.3316 1.44 108 0.1534 

N. rhombifeva 

Intermediate 

Meal Size 
male x female 
(12 months) 

W 

L 

SVL 

? 
^ 

? 
^ 

^ 
t 

0.1925 
0.1745 

1.1507 
0.9758 

n'?«nn 
0.6800 

2.19 

2.43 

3.67 

108 

108 

108 

0.0310 

0.0167 

0.0004 

TL ? 
^ 

0.2841 
0.2958 0.42 108 0.6723 

N. rhombifera 

Small Meal Size 
male x female 
(10 months) 

W 

L 

? 
T 

_ 
+ 
^ 

0.1455 

1.2443 
1.0411 

3 01 

1.49 

76 

76 

0.0036 

0.1391 
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Table 8 (Continued) 

P-I 

Groups Parameter Sex Ratio t df P 

SVL 0.9555 
2.26 76 0.0266 

0.7279 

TL ? 0.2888 
0.63 76 0.5274 

0.3133 
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time, N. oyclopion females fed the intermediate meal size consumed an 

average of 154.8 g of fish while the males consumed only 109.8 g. 

This difference is significant (t = 3.34, df = 6, p < 0.02), but 

during the same period N. fasoiata and N. vhombifera males and 

females from Lake County, Tennessee fed the intermediate meal size 

did not differ in their consumption rates. Male N. fasoiata consumed 

an average of 156.3 g of fish while the females consumed an average 

of 153.2 g (t = 0.71, df = 5, p > 0.50), and male N. rhombifera 

consumed an average of 156.5 g of fish while the females consumed an 

average of 148.5 g (t = 0.75, df = 6, p > 0.40). When allowed to eat 

as much as they would take, male N. fasoiata from Lake County, 

Tennessee consumed an average of 168.4 g of fish during the first 

year while the females consumed an average of 360.5 g. The differ 

ence between these numbers is significant (t = 3.93, df = 4, 

p < 0.02). Since these snakes were from the same litter of N. fasoi 

ata mentioned above, it would seem that providing the snakes with a 

set amount of food at each feeding upset the natural feeding 

patterns of the snakes. 

Even under artificial feeding conditions, differences in the 

consumption rate of males and females may emerge in time. Nerodia 

fasoiata from Shelby County, Tennessee showed no sexual differences 

in the amount of food consumed during the first two years (t = 1.04, 

df = 12, p > 0.20), but during the third year, females consumed an 

average of 409.1 g of fish while the males consumed an average of 

258.2 g. These numbers are significantly different (t = 2, df = 10, 

p < 0.05). Given all of the above data, it would appear that in the 
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species studied, there is a tendency for the females to consume more 

than the males. 

AnaZysi-s of length ■incveases. Sexual variation in increases 

in length for N. fasoiata from Shelby County, Tennessee are shown in 

Figure 18. In both L and SVL, females have a significantly higher 

P-I ratio than the males, and in TL males have a significantly higher 

P-I ratio than the females (see Table 8). The results illustrate the 

general trends in increases in length for all of the experimental 

groups. The differences between males and females, however, are not 

always significant and do not always follow these trends. 

Sexual variation in L for all of the remaining experimental 

groups are shown in Figure 19. All of the groups had higher P-I 

ratios for females than for males with the exception of the N. fasoi 

ata fed the large and the small meal sizes. Of those groups having 

higher P-I ratio for females than for males only N. vhombifeva fed 

the intermediate meal size showed a significant difference between 

the sexes. Of those groups having a higher P-I ratio for males, 

only N. fasoiata fed the large meal size had a significant difference 

between the sexes (see Table 8). 

The results for SVL were similar to those for L (see Figure 20) 

For this parameter, all of the groups had higher P-I ratios for 

females than for males with the exception of N. fasoiata fed the 

large meal size. Only N. fasoiata, N. oyolopion, and N. rhombifera 

fed the intermediate meal size, and N. rhombifeva fed the small meal 

size had significantly higher P-I ratios for females than for males. 
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Figure 18. Sexual Variation in Growth in Length in Nerodia fasaiata 
from Shelby County, Tennessee. A. Variation in Total 
Length (L). B. Variation in Snout-Vent Length (SVL). 
C. Variation in Tail Length (TL). 
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Figure 19. Sexual Variation in Growth in Total Length (L) in Snakes 
of the Genus Nerodia from Lake County, Tennessee. A. N. 
fasaiata Large Meal Size. B. N. fasaiata Intermediate 
Meal Size. C. N. fasaiata Small Meal Size. D. N. 
ayalopion Intermediate Meal Size. E. N. rhombifera 
Intermediate Meal Size. F. N. rhombifera Small Meal 
Size. 
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Figure 20. Sexual Variation in Growth in Snout-Vent Length (SVL) in 
Snakes of the Genus Nerodia from Lake County, Tennessee. 
A. N. fasoiata Large Meal Size. B. il/. fasoiata Inter 
mediate Meal Size. C. il/. fasoiata Small Meal Size. 
D. N. oyolopion Intermediate Meal Size. E. N. rhombi-
feva Intermediate Meal Size. F. N. rhombifera Small 
Meal Size. 
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Nevodia fasaiata fed the large meal size had a significantly higher 

P-I ratio for males than for females (see Table 8). 

The differences as to which sex had the higher P-I ratio for 

increases in L and SVL is related to the difference in the magnitude 

of the response of the two sexes to changing meal size. It was 

established earlier (see pages 61 and 68) that the magnitude of the 

response of N. fasaiata to changing meal size was greater for females 

than for males, and that the energy allocated for length increases 

changes with meal size. In the present case the most energy was 

allocated to length increases with the intermediate meal size, fol 

lowed by the small and then the large meal sizes. Given this informa 

tion, it is reasonable to expect the male and female P-I ratios for 

L and SVL to change in relation to each other, even to the point of 

changing order. Nerodia rhombifera on the other hand generally 

showed smaller changes in the P-I ratios with changing meal size 

than did N. fasaiata (see Table 5, pages 57-59). This fact can 

explain why the relationship of the P-I ratio for L and SVL of male 

and female N. rhombifera remains nearly the same when the meal size 

is changed (see Figures 19E, 19F, 20E, and 20F), 

The results for TL differed from those for L and SVL in that 

males generally had a higher P-I ratio than did the females (Fig 

ure 21). The same phenomena that explain the relationship of the 

growth of the sexes in L and SVL can be used for TL. In N. fasaiata 

the largest differences in the P-I ratios for TL between males and 

females exist in the meal size groups that allocate proportionately 

less energy for increases in length (the large and small meal size 
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Figure 21. Sexual Variation in Growth in Tail Length (TL) in Snakes 
of the Genus Nerodia from Lake County, Tennessee. A. N. 
fasaiata Large Meal Size. B. N. fasaiata Intermediate 
Meal Size. C. N. faso-iata Small Meal Size. D. N. 
ayotopion Intermediate Meal Size. E. N. rhombifera 
Intermediate Meal Size. F. N. rhombifera Small Meal 
Size. 
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groups), and is smallest in the intermediate meal size group where 

proportionately more energy is allocated to increases in length 

(see Figures 21A through 21C). The changes in the relationship of 

the P-I ratios for TL for males and females in the three meal size 

groups is therefore brought about because of the greater response of 

the females to changing meal size. The relationship of the P-I 

ratios for TL in male and female N. vhombifera remains nearly the 

same in both meal size groups (see Figures 21E and 21F). 

Relative growth rates are more accurately compared with one 

another when data are available for all size classes of the animals in 

question (Andrews 1982). The truth of this statement can be seen in 

Table 9. Estimates of the asymptotes and the growth constants (r) 

for the four growth parameters change as more years of data are 

added to the model. As the growth curves near the asymptote, the 

change in the estimates of the asymptote and r become smaller. This 

trend is especially evident in the males which essentially had 

reached their full adult size at the end of three years. The females 

still show large changes in the estimates of the asymptote and r 

between the third and fourth years. 

Because the estimates of the Bertalanffy model reach reliable 

levels only after growth is nearly complete, the values presented for 

most of the experimental groups probably do not represent the true 

values for their growth. Only the values for N. fasoiata from 

Shelby County, Tennessee can be assumed to be reasonably accurate. 

They are probably more accurate for the males since the females 

appear to be still growing at a significant rate. Estimates of the 
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asymptotes and r values for the other experimental groups are pre 

sented since in some cases they do reflect the general relationship 

of the relative growth rates of males and females. 

The growth constant r is a measure of the rate at which the 

size of an animal approaches the asymptote. The larger the value of 

r, the faster the size will approach the asymptote (see pages 41 and 47) 

As stated above, male N. fasaiata from Shelby County, Tennessee had 

essentially reached their full adult size at the end of three years, 

while the females were still growing. The males therefore had 

reached their asymptote in less time than it took for the females. 

The males should have a larger value of r than the females for each 

of the growth parameters. Table 10 shows that for every growth 

parameter, the value of r is greater for males than for females. 

These results are significant at the 0.05 level since the 95% con 

fidence intervals of the r values do not overlap. 

These results are opposite to the results for absolute growth 

rates. The P-I ratios were generally higher for females than for 

males for L and SVL. Although the females grow at an absolute 

faster rate, they grow for a longer period of time and consequently 

have a slower relative growth rate than the males. These results 

hold for E. fasaiata from Lake County, Tennessee and for E. ayalo-

pion generally although the differences are not significant. The r 

values indicate that the reverse may be true for E. vhombifeva (see 

Table 10). Only two years' data have been collected for these snakes 

and judging from the estimated asymptotes and the reported adult 

sizes for these species, they are a long way from completing their 
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growth. This situation is particularly evident in N. rhombifeva 

which attains a maximum length of 1600 mm (Mount 1975). Recent 

measurements on these same individuals confirm the fact that they are 

still growing at a significant rate. The asymptotes and r values of 

these groups therefore may not represent their true relative growth 

rates. 

As would be expected for a group that has an absolute faster 

growth rate and grows for a longer period of time, female N. fasoiata 

from Shelby County, Tennessee had larger estimated asymptotes than 

the males (see Table 10). The differences in the asymptotes were 

significant at the 0.05 level. Not enough time has passed in order 

to determine the true values of the asymptotes for the other experi 

mental groups. The general relationship of the adult sizes of the 

sexes are evident in the data for N. fasoiata from Lake County, 

Tennessee and N. oyatoyion. The estimates of the asymptotes for the 

males and females are already significantly different (p < 0.05) 

despite the short duration of the data collection. The rhombi 

feva males and females apparently have not had enough time to grow 

so that the size trends in the adults are evident (see Table 10). 

Graphical representation of the growth curves for male and female 

N. fasoiata from Shelby County, Tennessee appear in Figures 22 

through 24. Browth curves for the other experimental groups are not 

shown, but they follow the same general pattern of those illustrated. 

While the females increase in L and SVL at a faster absolute 

and a slower relative rate, males increase in TL at a faster absolute 

and relative rate. Since the body parts of males and females are 
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growing at proportionately different rates, it is of interest to 

examine how increases in length are proportioned between the body 

parts. Any increase in L must be divided between SVL and TL. 

Figure 25 shows the data for SVL as a function of L. Figure 25A 

shows the individual data points and Figure 25B shows the resultant 

regression lines for male and female N. fasoiata from Shelby County, 

Tennessee. Although the difference in the slopes of the regression 

lines is small, it is significant (t = 11.86, df = 362, p = 0.0001). 

What the slopes indicate is that for every 1 mm increase in L, SVL 

increases 0.79 mm in females and 0.75 mm in males. The linearity of 

the relationship between L and SVL indicates that the proportion of 

increases in L that is attributed to SVL is independent of the size 

of the snake. Whether the snake is a newborn or an adult, a 1 mm 

increase in L always produces the same increase in SVL. A corollary 

to the idea of the proportion of the increase attributed to SVL being 

independent of size is that it is also independent of the absolute 

growth rate. This is true simply because a newborn snake grows at a 

faster rate than an adult and it has already been established that 

there is no difference between these two size classes. The relation 

ship between SVL and L and SVL and TL stated above applied princi 

pally to snakes subjected to the same feeding regimen. A change in 

the feeding regimen may cause a slight shift in the proportion of the 

increase in L attributed to SVL and TL. A significant shift occurred 

only in male y. fasoiata fed the large and intermediate meal sizes. 

The general relationship between males and females remains the same 

regardless of the shift (see Table 11). 
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The relationship between TL and L is shown in Figure 26. 

Since all of the increase in L not attributed to SVL must be attribu 

ted to TL, males showed a greater proportion of the increase in L 

going to TL than did the females. For every 1 mm increase in L, TL 

increased 0.25 mm in males and 0.21 mm in females. As with SVL, this 

relationship remains the same regardless of the size or growth rate 

of the snakes, but may be affected by meal size (see Table 11). 

Figures 27 through 29 show the relationships between SVL and L and 

TL and L for the other experimental groups. Although the proportions 

vary from group to group, the proportion of the increase in L attribu 

ted to TL is always greater in males. The differences between males 

and females are significant in every case. 

Analysis of weight inoveases. The P-I ratios for increases 

in W were higher for females than for males in every experimental 

group except for N. fasoiata fed the small size (see Figures 30 and 

31). All of the differences in the P-I ratios including the instance 

in which the males had the higher P-I ratio were significant (see 

Table 8, pages 74-76). The change in the relationship of the P-I 

ratios for W for male and female N. fasoiata^ as with the relation 

ships for L and SVL (see page 82), is related to the difference in 

the magnitude of the response of the two sexes to changing meal size. 

The magnitude of the response was greater for females than for males 

and in the one instance resulted in the reversal in the relationship 

of the P-I ratios for the sexes. 



98 

190 

170 
• • • •*•« *4 

•9• 

160 

E 

<^ty
</".*•♦ V 

E 
- 130 

% ♦♦♦4 

no .f,vr ♦ ♦ ♦ 

90 
♦ 

A ♦♦♦ 

70 • Male 

%v^ ♦ Female 

I I -r -r 

300 500 700 900 

L (mm) 

190 

170 

130 

-I 1 10 

Male90 
- Female 

70 

300 500 700 900 

(mm) 

Figure 26. The Relationship Between Tail Length (TL) and Total 
Length (L) in Nerodia fasciata from Shelby County,
Tennessee. A. The Data. B. The Regression Lines, 



  

 

 

p
=
0
.
0
3
 

5
0
0
-

B
2
0
0
 

4
0
0
-

E
 

1
5
0
 

E
 

E
 

3
0
0
-

E
 

>
 

1
0
0
 

C
O
 

>
 

C
O

2
0
0
-

5
0
^
 

1
0
0
-

I
I 

I 
I 

I 

1
0
0
 

3
0
0
 

5
0
0
 

7
0
0
 

I 
I 

I 
I 

I 
L
 
(
m
m
)

1
0
0
 

3
0
0
 

5
0
0
 
7
0
0
 

L
 
(
m
m
)
 

M
a
l
e
 

—
 

F
e
m
a
l
e
 

Fi
gu
re
 2
7.

 
Th

e 
Re
la
ti
on
sh
ip
 B
et

we
en

 S
no

ut
-V

en
t 
Le
ng
th
 (
SV

L)
 a
nd

 T
ot
al
 
Le
ng
th
 (
L)
 a
nd

 T
ai

l 
Le

ng
th

 (
T
L
)
 a
nd
 T

ot
al
 
Le
ng
th
 
in

 
Ne

ro
di

a 
fa
so
ia
ta
 f
ro
m 

La
ke

 
Co
un
ty
, 
Te

nn
es

se
e 

Fe
d 

V
D
 

t
h
e
 
I
n
t
e
r
m
e
d
i
a
t
e
 
M
e
a
l
 
S
i
z
e
.
 

A
.
 

S
V
L
 
a
n
d
 
L
.
 
B
.
 
T
L
 
a
n
d
 
L
.
 



  

 

 
 

 

p
 =
 0
.
0
0
0
1
 

5
0
0
-

4
0
0
 

3
0
0
-

>
 

w
 

2
0
0
-

1
0
0
-

2
0
0
 

c
 
1
5
0
 

1
0
0
 

5
0
 

I
I 

I
1 

1
0
0
 

3
0
0
 

5
0
0
 

7
0
0
 

I
I 

I 
I 

I 
L
 
(
m
m
)

1
0
0
 

3
0
0
 

5
0
0
 

7
0
0
 

L
 
(
m
m
)
 

M
a
l
e
 

F
e
m
a
l
e
 

Fi
gu
re
 2
8.

 
Th

e 
Re
la
ti
on
sh
ip
 B

et
we

en
 S

no
ut

-V
en

t 
Le

ng
th

 (
SV
L)
 a
nd

 T
ot
al
 
Le

ng
th

 (
L
)
 a
nd
 T

ai
l 

Le
ng
th
 (
T
L
)
 a
nd

 
To
ta
l 

Le
ng
th
 
in

 
Ne
vo
di
a 
oy
ol
op
io
n 

Fe
d 

th
e 

In
te

rm
ed

ia
te

 M
ea
l 

Si
ze
. 

A
.
 

S
V
L
 
a
n
d
 
L
.
 
B
.
 
T
L
 
a
n
d
 
L
.
 

oo
 



 

 

 

p
=
0
.
0
0
0
6
 

5
0
0
-

2
0
0

n 

4
0
0
-

E
 
E
 

1
5
0
-

E
 

E
3
0
0
-

>
 

1
0
0
-

w
 

2
0
0
-

5
0
-

1
0
0
 

I 
I 

I 

1
0
0
 

3
0
0
 

5
0
0
 

7
0
0
 

I
I 

I 
I 

L
 
(
m
m
)

1
0
0
 

3
0
0
 

5
0
0
 

7
0
0
 

(
m
m
)
 

M
a
l
e
 

F
e
m
a
l
e
 

Fi
gu
re
 2
9,

 
Th
e 

Re
la

ti
on
sh
ip
 B

et
we

en
 S
no
ut
-V
en
t 
Le
ng
th
 (
SV
L)
 a
nd
 T

ot
al

 
Le
ng
th
 (
L
)
 a
nd
 T

ai
l 

Le
ng
th
 (
T
L
)
 a
nd
 
To

ta
l 

Le
ng
th
 
in

 
N
e
r
o
d
i
a
 v
ho

mb
if

ev
a 

Fe
d 

th
e 

In
te
rm
ed
ia
te
 
Me

al
 
Si

ze
, 

A
.
 
S
V
L
 
a
n
d
 
L
.
 
B
.
 

T
L
 
a
n
d
 
L
.
 



 

 

 

• • 

• • • 

102 

, A50 

♦ 
40- ■> 

30-

20- ♦4' 
t-^ •*. 

10-

• Male 
Female 

50 100 150 

Food Consumed (g) 

B501 

30-

— Mole 

10- Female 

I I I 

50 100 150 
Food Consumed (g) 

Figure 30. Sexual Variation in Growth in Weight (W) in Nerodia 

fasaiata from Shelby County, Tennessee. A. The Data, 
B. The Regression Lines. 



  

103 

50 

(12 months 

50n B 

(12 months) 

30 30-

10 10 

50 100 150 50 100 150 

50 

(8 months) 

501 

(12 months) 

30 

10 

50 100 150 50 100 150 

(12 months) 
50-

(10 months) 

30 

10 

I I 

50 100 

Food Consumed 

I 

150 

(g) 

10 

I I I 

50 100 150 

Food Consumed (g) 

—— Mole 

— Female 

Figure 31. Sexual Variation in Growth in Weight (W) in Snakes of the 
Genus Nerodia from Lake County, Tennessee. A. _ N. fasai-
ata Large Meal Size. B. N. fasaiata Intermediate Meal 
Size. C. N. fasaiata Small Meal Size. D. N. ayalopion 
Intermediate Meal Size. E. N. rhombifera Intermediate 
Meal Size. F. N. rhombifera Small Meal Size. 



104 

In terms of relative growth, males grew faster than females. 

The relationships of the relative growth rates are not surprising 

considering that W is linearly related to L (see page 12) and the 

relative growth rate for L was faster for males. The growth curves 

for W for male and female N. fasoiata from Shelby County, Tennessee 

are shown in Figure 32. The estimate of the asymptote of W is sig 

nificantly greater for females than for males (Table 12). The 

asymptote for W is greater for females in all of the experimental 

groups with the exception of N. rhombifera. As mentioned earlier, 

only the values for N. fasoiata males from Shelby County, Tennessee 

can be assumed to represent accurate measures of the parameters of 

the growth curve (see page 84). Although some of the experimental 

groups show the general relationship of male and female adult sizes 

as seen in natural populations, the values presented in Table 12 

probably do not represent the true values for the growth curves. 

The relationship of W/SVL of male and female N. fasoiata from 

Shelby County, Tennessee is shown in Figure 33. The rate of increase 

in W/SVL was greater for males than for females and resulted in males 

being heavier-bodied than females at all SVLs. The same results 

obtained for the other experimental groups, but the magnitude of the 

difference between males and females varied with meal size (Figures 

34 and 35). In fact, in N. fasoiata from Lake County, Tennessee, 

significant differences existed between the sexes in the intermediate 

and small meal size groups, but not in the large meal size group. 

The magnitude of the difference between male and female N. rhombifera 
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Table 12 

Estimates of Asymptotes for Weight (W) from the Bertalanffy 
Growth Model for Three Species of Nerodia 

Predicted Asymptote 

95% 

Age Confidence 

Species Meal Size Sex (Years) W (g) Interval (g) 

N. fasaiata 112.7 111.2-114.2 

Shelby County, 
Tennessee 

N. fasoiata 164.4 160.6-168.3 

Shelby County, 
Tennessee 

N. fasaiata Intermediate S 87.7 85.4-90.1 

Lake County, 
Tennessee 

N. fasaiata. Intermediate 9 110.1 107.7-112.6 

Lake County, 
Tennessee 

N. ayatopion Intermediate ^ 2 79.3 77.8-80.7 

N. ayalopion Intermediate ? 2 116.1 114.3-117.9 

N. p- hombifeva Intermediate ^ 2 147.7 145.6-149.5 

N. rhombifera Intermediate ? 2 138.3 134.4-142.2 
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was also greater in the small meal size group than in the intermedi 

ate meal size group (see Table 13). 

The results for W/SVL for the sexes are unusual in view of the 

fact that females are heavier-bodied than males for all lengths in 

natural populations (Klauber 1956, Semlitsch and Gibbons 1982). The 

discrepancy between the results for natural populations and the 

snakes in this study probably reflects the differences in the feeding 

regimens of the groups. The N. fasaiata from Lake County, Tennessee 

illustrate this point. The difference between males and females 

was smallest in the large meal size group where the snakes were 

allowed to a large extent to set their own feeding level. When the 

snakes were offered food on a restricted feeding schedule, the rate 

of increase in W/SVL dropped for both sexes, but more so for the 

females (see Table 13). Since females are heavier-bodied than males 

in natural populations, and since the males and females are closer to 

this relationship when they are allowed to eat large meals, it would 

appear that the level of food intake in natural populations is much 

larger than what was available in any of the feeding regimens in this 

study. This same argument can be made for N. rhombifera since the 

difference between males and females in W/SVL was less when they were 

fed the intermediate meal size than when they were fed the small meal 

size (see Table 13). A summary of the results of sexual variation in 

growth can be found in Tables 14 and 15. 
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Table 13 

Comparisons of the Rate of Increase in Weight Per Unit Length 
(W/SVL) by Sex for Three Species of Nerodia 

Slope* 
Species Meal Size Sex (x 10^) t df P 

N. fasaiata ^ 7.12 
7.36 344 0.0001^ 6.11 

Shelby County, 
Tennessee 

N. fasaiata Large 8.72 
1.16 86 0.2504 

Lake County, 
? 
f 

8.16 

Tennessee Intermediate 0 7.47 
6.65 101 0.0001 

? 6.10 

Smal 1 6.76 
4.14 41 0.0002 

? 5.71 

N. rhombifera Intermediate 8.81 
7.13 116 0.0001 

7.60
? 

f 
Smal 1 0 9.05 

4.07 73 0.0001 
6.15 

N, ayolopion Intermediate S 6.66 
0.75 116 0.4573^ 6.52 

*The numbers presented here are the values of the slope of the 
regression of W/SVL on SVL^. 
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Table 14 

Summary of the Results of Sexual Variation in the 
Production-Ingestion (P-I) Ratios for Weight 
(W), Total Length (L), Snout-Vent Length 

(SVL), Tail Length (TL), and Weight 
Per Unit Length (W/SVL) in Three 

Species of Nerodia}' 

Species W L SVL TL W/SVL 

c-k-kif c** £***N. fasaiata 
Shelby County, Tennessee {?r (?) (?) (0) (0) 

C** c** c**N. fasoiata 
Lake County, Tennessee (?) (J) (S) (i) (0) 
Large Meal Size 

N. fasaiata s** c***

KS 
Lake County, Tennessee (?) (^^ (?) (?) ii) 
Intermediate Meal Size 

N. fasaiata s* 
c*** 

Lake County, Tennessee (?) (J) («) 
Small Meal Size 

cN. ayalopion s* 

Intermediate Meal Size h (^^) (?) (f) (2^ 
N. rhombifera c*** 

Intermediate Meal Size (?) (?) (?) (^^ ii) 

N. rhombifera s* c*** 

Small Meal Size (?) (^) (?) (f) (J) 

S* = Significant difference, p < 0.05. 
S** = Significant difference, p < 0.005. 
S*** = Significant difference, p < 0.0005. 
2NS = No significant difference, p > 0.05. 
Symbols in parentheses represent the sex with the higher P-I 

ratio for that growth parameter. 
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Table 15 

Summary of the Results of Sexual Variation in the Estimates of the 
Asymptotes and Growth Constant Values (r) for Weight (W), 

Total Length (L), Snouth-Vent Length (SVL), and 
Tail Length (TL) in Three Species 

of Nerodia}'^ 

Asymptote 

Species W L SVL TL W L SVL TL 

N. fasaiata NS 

Shelby County, !?) (?) (?) (?) ih ih (o) (S) 
Tennessee 

N. , fasaiata NS 

Lake County, (?) h h) (?) (S) (S) (f)
Tennessee 

Intermediate Meal 
Size 

N ayaloipion NS NS NS NS NS 

Intermediate Meal h (?) (?) (?) (?) (i) (?) (S) 
Size 

N. rhombifera NS NS NS NS NS NS NS NS 

Intermediate Meal (o) (?) (?) ( ) (?) (?) (?) (?) 
Size 

S = Significant difference, p < 0.05. 
pNS = No significant difference, p > 0.05. 
Symbols in parentheses represent the sex with the higher 

estimates of the asymptote and growth constant. Data for N. fasaiata 
from Shelby County, Tennessee are for four years-, all others are for 
two years. 
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S'peaies Variation in Growth 

Introduction. The results of species differences in growth 

presented in the following sections should be considered no more than 

general indications of the relationships of the growth rates of these 

species. The comparisons among species are based on single litters 

of each species which may or may not be representative of the popula 

tions from which they were taken. There is also no way of knowing 

which individuals from these litters would have survived in the wild. 

The average responses of the species are therefore possibly based on 

data from individuals that would have been removed from natural 

populations. Also the snakes in this study are probably eating less 

than they would have in the wild (see page 110). Since these snakes 

are very likely to be eating different amounts of food as well as a 

greater variety of food items in the wild, and since the feeding 

regimen can have very large effects on the growth pattern (see pages 

61 and 68), the differences in the growth of these species as repor 

ted here probably are not of the same magnitude as would be found in 

the field. The growth patterns of the species in the wild must also 

vary so that the snakes attain the species characteristic adult size 

distribution from their initial size (see Table 16). The differences 

reported here are, however, representative of the potentialities of 

the species given a particular set of circumstances. 

Comparisons of all of the growth parameters are shown by 

species pairs in Table 17. Discussion of the results, as with 

feeding regimen and sexual variation in growth, are presented by 

growth parameter for all three species. 
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Table 16 

Measurements at Birth for Weight (W), Total Length (L), 
Snout-Vent Length (SVL), Tail Length (TL), and 

Adult L Measurements for Three Species 
of Nerodia 

Species Sex 

N. fasaiata 
oonftuens 

Shelby County, s 
Tennessee 5 

f
Lake County, 0 

Tennessee 

iV. o. ayoloyion 

? 

N, r. rhombifera 

? 

*Conant 1975. 

W 

(9) 

5.8 

6.0 

4.1 

4.0 

8.3 

8.3 

9.9 

10.8 

L 

(mm) 

276 

274 

239 

238 

280 

273 

316 

314 

SVL 

(mm) 

208 

211 

184 

189 

213 

213 

240 

247 

TL 

(mm) 

68 

63 

55 

49 

67 

61 

76 

67 

Adult L (mm)' 

Average 
Range Maximum 

560-910 1143 

750-1140 1270 

760-1220 1600 
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Table 17 

Comparisons of Production-Ingestion (P-l) Ratios for Weight (W), 
Total Length (L), Snout-Vent Length (SVL), and Tail Length 

(TL) by Species for Three Species from 
Lake County, Tennessee 

Param- P-I 

Groups eter Species Ratio df 

Intermediate Meal W N. fasoiata 0.2154 
6.24 108 0.0001 

Size N. oyolopion 0.1679 

male 

L N. fasoiata 1.6158 
3.06 108 0.0026 

N. fasoiata x N. oyolopion 1.3343 

N. cyato'pion 
(12 months) SVL N. fasoiata 1.2637 

3.87 108 0.0002 
N. oyolopion 1.0028 

TL N. fasoiata 0.3521 
0.66 108 0.5081 

N. oyolopion 0.3316 

N. fasoiata X W N. fasoiata 0.2154 
5.75 108 0.0001 

N. rhombifera N. rhombifera 0.1745 

(12 months) 
L N. fasoiata 1.6158 

7.05 108 0.0001 
N. rhombifera 0.9758 

SVL N. fasoiata 1.2637 
8.81 108 0.0001 

N. rhombifera 0.6800 

TL N. fasoiata 0.3521 
1.85 108 0.0674 

N. rhombifera 0.2958 

N. ayalopion X W N. oyolopion 0.1679 
0.87 108 0.3864 

0.1745 

(12 months) 
L N. oyolopion 1.3343 

N. rhombifera N. rhombifera 

3.89 108 0.0001 
N. rhombifera 0.9758 

SVL N. oyolopion 1.0028 
4.78 108 0.0001 

N. rhombifera 0.6800 

TL N. oyolopion 0.3316 
1.16 108 0.2483 

N. rhombifera 0.2958 
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Table 17 (Continued) 

Groups 
Param-

meter Species 
P-I 

Ratio t df P 

Intermediate Meal 

Size 

female 

N. fasG-iata x 
N. ayalopion 
(12 months) 

W 

L 

SVL 

N. fasaiata 
N. ayalopion 

N. fasaiata 
N. ayalopion 

N. fasaiata 
N. ayalopion 

0.2393 

0.2253 

1.8146 

1.4632 

1.4605 

1.1617 

1.75 

4.06 

4.49 

94 

94 

94 

0.0817 

0.0001 

0.0001 

TL N. fasaiata 
N. ayalopion 

0.3541 
0.3015 

2.16 94 0.0322 

N. fasaiata x 
N. rhombifera 
(12 months) 

W 

L 

N. fasaiata 
N. rhombifera 

N. fasaiata 
N. rhombifera 

0.2393 
0.1925 

1.8146 
1.1507 

5.56 

7.48 

94 

94 

0.0001 

0.0001 

SVL N. fasaiata 
N. rhombifera 

1.4605 

0.8666 
8.80 94 0.0001 

TL N. fasaiata 
N. rhombifera 

0.3541 
0.2841 

2.76 94 0.0069 

N. ayalopion x 
N. rhombifera 
(12 months) 

W 

L 

N. ayalopion 
N. rhombifera 

N. ayalopion 
N. rhombifera 

0.2253 

0.1925 

1.4632 

1.1507 

4.39 

3.86 

108 

108 

0.0001 

0.0002 

SVL N. ayalopion 
N. rhombifera 

1.1617 

0.8666 
4.76 108 0.0001 

TL N. ayalopion 
N. rhombifera 

0.3015 

0.2841 
0.77 108 0.4444 
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Table 17 (Continued) 

Groups 
Param 

eter Species 
P-I 

Ratio t df P 

Small Meal Size 
male 

W N. fasaiata 
N. rhombifera 

0.2109 

0.1455 
6.68 63 0.0001 

N. fasaiata x 
N. rhomhifeva 
(10 months) 

L 

SVL 

N. fasaiata 
N. rhombifera 

N. fasaiata 
N. rhombifera 

1.8478 
1.0411 

1.4653 

0.7279 

8.71 

10.81 

63 

63 

0.0001 

0.0001 

XL N. fasaiata 
N. rhombifera 

0.3824 
0.3133 

2.31 63 0.0242 

Small Meal Size 
female 

W N. fasaiata 
N. rhombifera 

0.1859 

0.1784 
0.32 50 0.7523 

ff. fasaiata x 
N. rhombifera 
(8 months) 

L 

SVL 

N. fasaiata 
N. rhombifera 

N. fasaiata 
N. rhombifera 

2.0563 

1.7451 

1.7451 
1.0138 

2.77 

3.69 

50 

50 

0.0078 

0.0006 

XL N. fasaiata 
N. rhombifera 

0.3112 

0.2902 
0.27 50 0.7876 
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Analysis of length inareases. As would be expected from 

previous discussions, the differences between the species varied 

between the sexes and between meal size groups. Among males fed the 

intermediate meal size, N. fasoiata from Lake County, Tennessee had 

significantly higher P-I ratios for L and SVL than N. cyolopion and 

N. rhombifera. Nerodia cyolopion in turn had higher P-I ratios for L 

and SVL than N. rhombifera. There were no significant differences in 

the P-I ratios for TL although the difference between N. fasoiata 

and /!/. rhombifera approached significance. With the small meal size 

for N. fasoiata and N. rhombifera the results were the same except 

that the P-I ratio for TL was significantly higher for N. fasoiata 

(Table 17). 

Among females fed the intermediate meal size, N. fasoiata had 

significantly higher P-I ratios for L, SVL, and TL than the other two 

species. Nerodia cyolopion had significantly higher P-I ratios for 

L and SVL than N. rhombifera, but not for TL. With the small meal 

size, female N. fasoiata had significantly higher P-I ratios for L 

and SVL than N. rhombifera, but not for TL (Table 17). 

Diagrams of the relationships of the P-I ratios of both males 

and females of the three species are shown in Figures 36 through 38. 

Generally, N. fasoiata had the highest P-I ratios for length in 

creases followed by N. cyolopion than N. rhombifera for both males 

and females. Under the circumstances, these results indicate that 

N. fasoiata is the fastest growing species followed by N. cyolopion 

then N. rhombifera. Since the linear regressions that provided the 

P-I ratios were based on a maximum of one year's data, the results 
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Figure 36. Variation in Growth in Total Length (L) for Three Species
of Nerodia Fed the Intermediate Meal Size. A. The Data 
for Males. B. The Regression Lines for Males. C. The 
Data for Females. D. The Regression Lines for Females. 
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Figure 37. Variation in Growth in Snout-Vent Length (SVL) and Tail 
Length (TL) for Three Species of Nerodia Fed the Inter 
mediate Meal Size. A. SVL for Males. B. SVL for 
Females. C. TL for Males. D. TL for Females. 
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Figure 38. Variation in Growth in Total Length (L), Snout-Vent 
Length (SVL), and Tail Length (TL) for Two Species of 
Nerodia Fed the Small Meal Size. A. L for Males. 
B. L for Females. C. SVL for Males. D. SVL for 
Females. E. TL for Males. F. TL for Females. 
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can only apply to that time period. The P-I ratio is actually a con 

tinuously changing parameter, and these changes can be seen in the 

diagrams of growth for periods of longer duration than one year. 

Figure 39 shows the growth curves for males of the three 

species of Nerodia. The curve of the lines indicates the changing 

P-I ratios of the three species, and the nature of the entire curve 

for each species can be described by the growth constant r. The 

curve for N. fasoiata starts out with the steepest slope (highest 

P-I ratioj, but eventually the slope of the curve diminishes as the 

asymptote is approached. At this point the slopes and therefore the 

P-I ratios of N. Gyolopion and N. rhombifera exceed that of N. fasoi 

ata. The same changes occur with the females although the magnitude 

of the changes is different (Figure 40). 

The change in the P-I ratios of the species can be looked at 

more simply by examining the values of the growth constant r (see 

Table 10, page 87). The r values for L for male N. fasoiata and N. 

oyolo-pion were significantly larger than that for N. rhombifera. 

Although the r value for L was larger for N. fasoiata, the 95% con 

fidence interval for r overlaps with the 95% confidence interval for 

r for N. oyolo-pion. The difference in the r value for these two 

species was therefore probably not significant. In terms of relative 

growth rates, the r values indicate that generally N. fasoiata was 

the fastest growing species followed by N. oyolopion then y. rhombi 

fera. The same generalization can be made for growth in SVL and TL 

(see Figure 41). 
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Figure 39. Growth Curves for Total Length (L) for Males of Three 
Species of Nerodia Fed the Intermediate Meal Size. 
A. The Data. B. The Regression Lines. 
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(XL) for Three Species of Nerodia Fed the Intermediate 
Meal Size. A. SVL for Males. B. SVL for Females. 
C. TL for Males. D. TL for Females. 
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The estimated asymptotes for L, SVL, and XL are significantly 

greater for male N. rhombifera than for male N. fasoiata and N. 

ayolo-gion. These results were the only significant differences for 

asymptotes (see Table 10, page 87). The fact that there were no 

significant differences among the species for most of the growth 

parameters is more indicative of the need to collect more data than 

of the similarity of the adult sizes of the species (see pages 86 and 

89). Allowing the snakes more time to grow would undoubtedly change 

the estimates of the asymptotes. 

Analysis of weight increases. Increases in W generally 

showed the same trends as increases in length (see Table 17, pages 

116-118). In males fed the intermediate meal size, N. fasoiata had 

a significantly higher P-I ratio than N. cyolopion and N. rhombifera. 

The difference in the P-I ratios for N. cyolopion and N. rhombifera 

were not significant (Figure 42A and 42B). Among females fed the 

intermediate meal size, E. fasoiata and N. cyolopion had higher P-I 

ratios for W than N. rhombifera. The difference in the P-I ratios 

for E. fasoiata and E. cyolopion only approached significance 

(Figure 42C and 42D). Among the small meal size groups, male E. 

fasoiata had a significantly higher P-I ratio for W than male E. 

rhombifera. The difference between females of these two species was 

not significant (see Table 17, page 116). 

As with length, the higher P-I ratio for E. fasoiata can only 

be applied to the early stages of growth. The growth curves for W 

for males and females respectively are shown in Figures 43 and 44. 
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of Nerodia Fed the Intermediate Meal Size. A. The Data. 
B. The Regression Lines. 



 

130 

140 

20 

100 
o • 

^ 80H 
o> 

^ 60-

AC»* 
* 

20-
oji '/V. fasciata 

6 A/, cydopion 
^ N. rhombifera 

00 200 300 400 500 600 

Food Consumed (g) 

140-1 

100-

o> 

60 

N. fasciata 

N. cydopion 

N. rhombifera 

200 400 600 

Food Consumed (g) 

Figure 44. Growth Curves for Weight (W) for Females of Three Species 
of Nevodia Fed the Intermediate Meal Size. A. The Data. 
B. The Regression Lines. 



131 

The r values of the growth curves are indicative of the changing P-I 

ratios for W for the three species. Since the Bertalanffy growth 

model is based on increases in length and is modified for weight 

increases, the r values used for construction of the growth curve for 

W were those for SVL. The r values for SVL as discussed above in 

"Analysis of length increases" were highest for N. fasoiata followed 

by N. oyclopion then N. rhombifera (see Table 10, page 87). The size 

of the r values indicate that N. fasoiata will reach its asymptotic 

W sooner than will N. oyalopion and N. rhombifera, and consequently 

will show the most rapid change in the P-I ratio as the snakes grow. 

This greater rate of change in the P-I ratio is evident in the 

greater curvature in the growth curves for N. fasoiata than for the 

other two species (see Figures 43 and 44). Nerodia fasoiata, there 

fore, not only has a faster absolute growth rate, at least at younger 

ages, but also has a faster relative growth rate. 

In terms of W/SVL, among snakes fed the intermediate meal size 

N. rhorribifeva had the largest rate of increase in both males and 

females (see Table 18). Males and females differed as to which 

species had the second largest rate of increase in W/SVL. Among 

males, N. fasoiata had a significantly larger rate of increase in 

W/SVL than y. oyotopion. In females the opposite was true (Table 18), 

Among snakes fed the small meal size, male N. rhombifera had a sig 

nificantly larger rate of increase in W/SVL than male N. fasoiata. 

There was no difference between the females of these two species. 

Graphic representations of the differences in W/SVL for snakes 

fed the intermediate meal size are shown in Figures 45 and 46. The 
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Table 18 

Comparisons of the Rate of Increase in Weight Per Unit Length 
(W/SVL) by Species for Three Species of Nerodia 

Slope* 
Meal Size Sex Species (x 107) t df P 

Intermediate N. fasaiata lAl 
3.08 116 0.0024 

N. ayolopion 6.66 

N. fasaiata lAl 
5.73 116 0.0001 

N. vhombifera 8.81 

N. ayolopion 6.66 
7.72 116 0.0001 

N. rhombifera 8.81 

N. fasaiata 6.10 
3.11 101 0.0022 

N. ayalopion 6.52 

N. fasaiata 6.10 
10.26 101 0.0001 

N. vhombifeva 7.60 

N. ayalopion 6.52 
7.38 116 0.0001 

N. vhombifeva 7.60 

Smal 1 N. fasaiata 6.84 
6.51 62 0.0001 

N. vhombifeva 9.05 

N. fasaiata 5.71
? 0.08 50 0.9356 

N. vhombifeva 5.72 

*The numbers presented here are the values of the slope of the 
regression of W/SVL on SVL^. 



 
 

 

133 

0.221 

• 

0.18 

E 
E 

3 0.14 

> 
CO 0.10-

0.06 

.4 * • N. fasc/ata 

0.02 
o /V. cydopion 
« /V. rhombifera 

I I I I 

100,000 200,000 300,000 

SVL^ (mm ^ ) 

B 

0.20-E 
E 

/ 
0.12 

> — yv. fasciafa 
CO 

--- yv. cydopion 
—— yv. rhombifera5 0.04 

isopod '300j000 
SVL^ (mm ^) 
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figures show that as the snakes increased in size, N. vhombifera 

became heavier-bodied than the other two species. They also show 

that among the males, N. fasaiata was heavier-bodied than n. ayalo-

p■ ion at larger SVLs, and that the reverse was true for females. A 

summary of the results of species variation in growth can be found in 

Tables 19 and 20. 

Dietary Assimilation Efficiency 

The results up to this point have dealt with increases in 

body proportions in relation to the amount of food consumed. The 

amount of food consumed, however, is only a crude measure of the 

amount of energy available for growth. A more accurate measure is 

obtained by comparing the food intake with the fecal output in terms 

of weight and calories. The possibility that shifts in P-I ratios 

with changing meal size were due to drops in the assimilation effi 

ciency was discussed earlier (page 61). The differences in the P-I 

ratios between the sexes and among the species could also be due to 

differences in the assimilation efficiencies of the snakes. Values 

for weight and caloric assimilation efficiencies for the experimental 

groups can be found in Table 21. Probably the most salient charac 

teristic of the assimilation efficiency values is their lack of 

correspondence with the P-I ratios discussed earlier. Where before 

there were very large differences between groups in their P-I ratios, 

there are only very small differences in their assimilation efficien 

cies. (Compare the P-I ratios for E. fasciata males and females from 

Shelby County, Tennessee, Table 8, page 74 with their assimilation 
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Table 19 

Summary of the Results of Species Variation in the Production-
Ingestion (P-I) Ratios for Weight (W), Total Length (L), 

Snout-Vent Length (SVL), Tail Length (TL), and 
Weight Per Unit Length (W/SVL) in 
Three Species of Nerodia from 

Lake County, Tennesseelj^ 

Meal Size Sex W L SVL TL W/SVL 

Intermediate Meal 

Size 

f ^*** N. fasoiata x 0 s** s*** NS s** 

N. oyolopion (f) (f) (f) (f) (f) 

t £***N. fasoiata X 0 s*** s*** NS s*** 

N. rhombifera (f) (f) (f) (f) (r) 

f £*** 2***
N. oyolopion x 0 NS s*** NS 

N. rhombifera (r) (c) (c) (c) (r) 

N. fasoiata x ? NS s*** 2*** s* s** 

N. oyolopion (f) (f) (f) (f) (c) 

N. fasoiata x ? s*** s*** s*** s* c*** 

N. rhombifera (f) (f) (f) (f) (r) 

£*** 2***
N. oyolopion X ? s*** s*** NS 

N. rhombifera (c) (c) (c) (c) (c) 

Small Meal Size 

5*** 5*** c*** 

/v. fasoiata x $ s*** S* 

N. rhombifera (f) (f) (f) (f) (r) 

N. fasoiata x ? NS s* s** NS NS 

N. rhombifera (f) (f) (f) (f) (r) 

S* = Significant difference, P < 0.05. 
S** = Significant difference, P < 0.005. 
S*** = Significant difference, P < 0.0005. 
pNS = No significant difference, P > 0.05. 
Symbols in parentheses represent the species with the higher 

P-I ratio for that growth parameter: f = N. fasaiata', c = N. ayolo-
pion', r = N. rhombifera. 
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Table 20 

Summary of the Results of Species Variation in the Estimates of the 
Asymptotes and Growth Constant Values (r) for Weight (W), Total 

Length (L), Snout-Vent Length (SVL), and Tail Length (TL) 
in Three Species of Nerodia from Lake County, 

Tennessee Fed the Intermediate 

Meal Size^'^ 

Asymptote r 

Species Sex W L SVL TL W L SVL TL 

f 
N. fasaiata x 0 S NS NS NS NS NS NS NS 

N. ayolopion (f) (f) (f) (c) (f) (f) (f) (f) 

t 
N. fasaiata x 0 s S S S S S S S 

N. rhombifera (r) (r) (r) (r) (f) (f) (f) (f) 

f 
N, ayalopion x 0 S S S S s s s NS 

N. rhombifera (r) (r) (r) (r) (c) (c) (c) (c) 

N. fasaiata x ? NS NS NS NS NS NS NS NS 

No ayalopion (c) (f) (f) (f) (f) (f) (f) (f) 

N. fasaiata x ? S NS NS NS S S S NS 

N. rhombifera (r) (r) (r) (r) (f) (f) (f) (f) 

No ayalopion x ? S NS NS NS s s s • NS 

No rhombifera (r) (r) (r) (r) (c) (c) (c) (c) 

S = Significant difference, p < 0.05, 
pNS = No significant difference, p > 0.05. 
Symbols in parentheses represent the species with the higher 

estimates of the asymptote and growth constant: f = N. fasaiata\ c = 
N. oyoloTp-ion\ r = N. rhombifera. All data are for two years. 
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Table 21 

Weight and Caloric Assimilation Efficiencies 
for Three Species of Nerodia 

1 
Species Sex Date 

N. fasaiata 5 Fall 1980 

(Shelby County, Tennessee) Summer 1981 

Fall 1981 

? 1980 

(Shelby County, Tennessee) Summer 1981 

Fall 1981 

N. fasaiata Fall 

N. fasaiata Both Fall 1980 

(Lake County, Tennessee) Summer 1981 

Intermediate Meal Size Fall 1981 

N. ayalopion Both Fall 1980 

Intermediate Meal Size Summer 1981 

Fall 1981 

N. rhombifera Both Fall 1980^ 
Summer 1981 

Fall 1981 

1980 

Small Meal Size 

N. fasaiata Both Fall 

Summer 1981 

N. rhombifera Both Fall 1980^ 
Small Meal Size Summer 1981 

Fall 1980 = September 12 to October 10. 
Summer 1981 = May 8 to June 5. 
pFall 1981 = September 25 to October 23. 
October 16 to November 14. 

% Assimilation 

Weight 

80.2 
85.5 

77.3 

83.7 

96.2 

75.9 

82.0 

85.3 

80.2 

86.9 

83.1 

81.2 

90.4 
82.3 

78.7 

84.6 
89.2 

86.8 

91.7 

Calories 

94.0 

97.1 

94.6 

95.4 

96.9 

93.1 

92.8 
94.3 

91.8 

94.5 
95.0 

94.0 

96.2 

94.1 

94.1 

96.2 

96.5 

95.4 

97.2 
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efficiencies). This result certainly indicates that the differences 

in growth among groups do not occur at the level of digestion and 

absorption of nutrients, but at the level of the use of these mater 

ials for maintenance and growth. The caloric assimilation efficiency 

was also always larger than the assimilation efficiency for weight. 

This result is not surprising since it is expected that the snakes 

would extract as much usable energy (proteins, carbohydrates, and 

fats) as possible from their food and discard the less digestible 

portions (scales, bones). 

Discussion 

Analysis of the results of these experiments involved a large 

number of comparisons. By itself, any one of the comparisons has 

little meaning, but as a group they present a fairly clear picture 

of the growth potentialities of these snakes. Of primary importance 

with regard to meal size is the shift in the allocation of energy for 

growth. Under conditions of readily available resources (large meal 

size), the snakes allocated more energy to increases in W than when 

resource availability was restricted (intermediate and small meal 

sizes). In contrast more energy was allocated to increases in length 

when resource availability was restricted than when resources were 

readily available. This phenomenon has some important implications 

with regard to reproduction, particularly in females. Clutch size in 

female snakes increases with SVL (Klauber 1956, Feaver 1977, 

Semlitsch and Gibbons 1982), and whether or not a female reproduces 

in a given year is very much dependent on its energy reserves since 
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undernourished or injured females may require a longer gestation 

period (Feaver 1977) or may not reproduce at all (Smith 1976). With 

this information in mind, the shift in energy allocation between 

growth in weight and growth in length can be seen as a possible means 

of optimizing reproductive output. In years with high resource 

availability, it would be advantageous to gain weight as efficiently 

as possible to ensure enough energy reserves for successful comple 

tion of gestation and parturition. In years when resource availabil 

ity is low, it may be more advantageous to forego reproduction 

entirely because of the possibility of losing a brood due to low 

energy reserves. In this situation, allocating more energy for 

increases in length would allow more young to be produced in subse 

quent years when resource availability was again high. Such a 

strategy is speculative and may not be used in natural populations, 

but it is intriguing and appears possible, especially since females 

seem to be more highly sensitive to changes in the feeding regimen. 

Sexual and species variations in growth patterns demonstrate 

some of the variety in ways of attaining different body sizes. 

Females attain larger body sizes than their male conspecifics by 

initially having a higher P-I ratio for all of the growth parameters 

except TL, having a slower decline in the P-I ratio with time, and 

continuing to grow for a longer period of time. Nerodia rhombifeva 

attains a larger body size than N. fasaiata and ff. oycloipion by 

having a slower decline in the P-I ratio with time, and possibly by 

growing for a longer period of time. The P-I ratios for y. vhombifera, 

however, were initially smaller than those for the other species. 
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The probable explanations for the growth pattern of females 

in relation to males are largely reproductive. Larger size in both 

weight and length means larger, and in all probability, more success 

ful clutches. The explanations for the growth pattern of males are 

far more problematic since to a large extent it is not known how size 

affects the reproductive success of males. From the data collected 

here it would seem that the relative size of the tail is important to 

reproductive success in males, but in what specific way is largely 

a matter of conjecture. 

Explanations for the differences in the growth patterns among 

the species are also largely a matter of conjecture. To understand 

the differences in the growth patterns requires detailed ecological 

information of the species at all stages of life. There are some 

things that can be considered at this time, however. The first con 

sideration is predation. The individual N. fasoiata from Lake 

County, Tennessee were all between 2 and 5 g in weight at birth. The 

N. oyoto'p'Lon and /!/. rhombi-fera were between 5 and 10 g and 8 and 12 g 

respectively. The small size of N. fasoiata at birth means that it 

will be subject to predation by a number of predators that are not a 

threat to larger snakes for a longer period of time (Feaver 1977). 

Since the three litters examined are from the same area, they may be 

subject to similar predation pressure. The initial rapid growth of 

N. fasoiata may be a means of escaping from predators that can only 

take small individuals. 

Another consideration is competition. Mushinsky et al. (1982) 

observed that young of N. fasoiata, N. erythrogaster, N. oyolopion. 
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and N. rhombifera form a single feeding unit eating the same prey 

species in the same areas until a certain size is attained. The 

rapid growth of N. fasoiata would serve to remove it from this common 

feeding pool where competition may be high if resource availability 

is restricted. There are certainly many other considerations that 

shape the growth patterns of these species, but as yet not enough 

details of the ecological requirements of each species are known to 

discuss them with any confidence. 



CHAPTER 5 

INDIVIDUAL VARIATION IN GROWTH 

Intvoduotion 

In previous discussions the data were analyzed collectively 

for animals with similar backgrounds (e.g., E. fasaiata males from 

Lake County, Tennessee fed the intermediate meal size). Although 

it is certainly desirable to summarize the results for a group of 

animals that have been treated similarly, a great deal of information 

can be lost in the process. In this case, a look at the variation 

between individuals provides a glimpse of the raw material available 

for selection and consequently for evolution. 

The following discussion was drawn from the data for N. fasai 

ata from Shelby County, Tennessee because the greatest number of 

individuals and growth data of the longest duration were available 

for comparisons in this group. The emphasis is on the variation 

among males in this group. Most of the information concerning varia 

tion among the females and the information concerning the other 

experimental groups can be found in the Appendix. 

Individual Variation in N. fasaiata 

A comparison of some of the phenomena associated with increases 

in W and SVL gives some idea of the amount of individual variation 

that exists. After four years of growth, W in male N. fasaiata 

ranged from 67.7 to 129.6 g (see Figure 6, page 38) and SVL ranged 

143 
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from 475 to 558 mm (see Figure 8, page 40). It may be guessed, and 

rightly so, that the differences in W and SVL reflect the amount of 

food that each individual had consumed during the four years. The 

amount of food consumed, however, is only a partial explanation for 

this phenomenon. Figure 47 shows the plots of W and SVL on the 

weight of food consumed for the first year of growth. The regression 

lines for these data sets explain a very large proportion of the 

variation in the data points and appear to be reasonable summariza-

tions of the data sets. The data for individuals can be extracted 

from these data sets and the individual regression lines thus gener 

ated can be compared for differences in slope (P-I ratio). The 

individual regression lines are shown in Figures 48 and 49. 

The extent of the variation in the individual P-I ratios for 

W, SVL, L, and TL is shown in Tables 22-25. The values in Tables 

22-25 are the P-I ratios for each individual for the first year of 

growth. More specific information concerning individual differences 

in the P-I ratios for all of the growth parameters for males and 

females can be found in Tables A-1 and A-2 respectively in the 

Appendix, 

The possibility exists that there is a relationship between 

the P-I ratios and the amount of food consumed so that the higher P-I 

ratios are due, to a large extent, to the fact that a particular 

snake consumed more food. There could also be an inverse relation 

ship between the P-I ratios and the weight of food consumed. 

Figure 50 shows the P-I ratios for W and SVL for individual males 

plotted on the total weight of food consumed for the first year of 
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Figure 47. Weight (W) and Snout-Vent Length (SVL) as a Function of 
Food Consumed for Male Nerodia fasoiata from Shelby 
County, Tennessee. A. Weight. B. Snout-Vent Length. 
Data Represent 12 Months of Growth. 
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Figure 48. Individual Regression Lines for Weight (W) as a Function 
of Food Consumed for Male Nerodia fasciata from Shelby 
County, Tennessee. 
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Figure 49, Individual Regression Lines for Snout-Vent Length (SVL) 
as a Function of Food Consumed for Male Nerodia fasoiata 
from Shelby County, Tennessee. 
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Table 22 

Individual Variation in the Production-Ingestion 
(P-I) Ratios for Weight (W) in Male 

Nerodia fasa-iata from Shelby 
County, Tennesseel'2 

Indiv-

idual 
P-I 

Ratio 
— 

20/2 20/7 20/12 

Individuals 

20/5 20/6 20/1 20/4 20/3 

20/2 0.21 

20/7 0.21 NS 

20/12 0.20 NS NS 

20/5 0.19 S NS NS 

20/6 0.19 S S NS NS 

20/1 0.18 s S S NS NS 

20/4 0.16 s S s S S NS 

20/3 0.13 s S s S S S s 

NS = Not significant, p > 0.05. 
2$ = Significant, p < 0.05. 
Data represent 12 months of growth. 
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Table 23 

Individual Variation in the Production-Ingestion (P-I) 
Ratios for Snout-Vent Length (SVL) in Male 

Nerodia fasaiata from Shelby 
County, Tennesseel'2 

Individuals 

Indiv- P-I —— 

idual Ratio 20/7 20/4 20/12 20/2 20/1 20/5 20/5 20/3 

20/7 1.15 

20/4 1.12 NS 

20/12 1.03 NS NS 

20/2 1.02 S NS NS 

20/1 0.99 S NS NS NS 

20/5 0.94 S S NS NS NS 

20/6 0.89 s S S S NS NS 

20/3 0.39 s S S s S S s 

NS = Not significant, p > 0.05. 
2S = Significant, p < 0.05. 
Data represent 12 months of growth. 
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Table 24 

Individual Variation in the Production-Ingestion (P-I) 
Ratios for Total Length (L) in Male 

Nerodia fasciata from Shelby 
County, Tennesseel'2 

Indiv 

idual 

P-I 

Ratio 20/7 20/4 

Individuals 

20/2 20/12 20/1 20/6 20/5 

20/7 1.52 

20/4 2.45 NS 

20/2 1.37 S NS 

20/12 1.36 S NS NS 

20/1 1.33 s NS NS NS 

20/6 1.21 s S S S NS 

20/5 1.21 s S S S NS NS 

NS = Not significant, p > 0.05, 
2$ = Significant, p < 0.05. 
Data represent 12 months of growth. 
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Table 25 

Individual Variation in the Production-Ingestion (P-I) 
Ratios for Tail Length (TL) in Male 

Nerodia fasoiata from Shelby 
County, Tennesseel>2 

Indiv 

idual 

P-I 

Ratio 20/7 20/2 

Individuals 

20/1 20/12 20/4 20/6 20/5 

20/7 0.37 

20/2 0.35 NS 

20/1 0.35 NS NS 

20/12 0.33 NS NS NS 

20/4 0.33 NS NS NS NS 

20/6 0.33 NS NS NS NS NS 

20/5 0.26 S S S S S S 

NS = Not significant, p > 0.05. 
oS = Significant, p < 0.05. 
Data represent 12 months of growth. 
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Figure 50. Production-Ingestion (P-I) Ratios as a Function of Food 
Consumed for Male Nerodia fasaiata from Shelby County, 
Tennessee. A. P-I Ratios for Weight (W). B. P-I 
Ratios for Snout-Vent Length (SVL). 
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growth. There was no significant relationship between the P-I ratios 

and food consumption for either sex (Table 26). There seem, there 

fore, to be reliable differences between individuals in their P-I 

ratios for all of the growth parameters. Any growth effects due to 

external factors are superimposed on these basic differences. 

An interesting fact that goes along with the idea that 

individuals are different in their use of food for growth is that the 

P-I ratios for increases in weight and length are not correlated. 

Table 27 shows the correlation coefficients for L, SVL, and TL in 

association with W. Since the P-I ratios for W and the other growth 

parameters are not correlated, an individual can have a low P-I 

ratio for W and a high P-I ratio for L (see individual 20/4, Tables 

22 and 23). All other combinations of high and low P-I ratios for 

W and the other growth parameters are also possible. 

Differences in the levels of the P-I ratios for W and SVL 

result in differences in the rate of increase in W/SVL. Values for 

the rate of increase in W/SVL are shown in Table 28. As would be 

expected, individual 20/4 with its low P-I ratio for W and high P-I 

ratio for SVL (see Tables 22 and 23, pages 148 and 149) has a low 

value for the increase in W/SVL. 

Individuals not only differ in their P-I ratios and the rate 

of increase in W/SVL, but they also differed in the estimates of 

their maximum sizes and growth constant values (r). Table 29 shows 

the estimated asymptotes and r values for individual male and female 

N. fasaiata for four years of growth along with the 95% confidence 

intervals for these values. Individuals 20/7 and 20/9 were omitted 
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Table 26 

Correlation of the Production-Ingestion (P-l) Ratios for Weight (W), 
Total Length (L), Snout-Vent Length (SVL), and Tail 

Length (TL) and the Weight of Food Consumed 
for Nerodia fasaiata from Shelby 

County, Tennesseei'^ 

Correlation 

Sex Parameter Coefficient t df P 

f 
0 W 0.10 0.26 6 >0.50 

L -0.38 0.92 5 >0.20 

SVL -0.48 1.35 6 >0.20 

TL 0.01 ' 0.02 5 >0.90 

? W 0.75 2.27 4 >0.05 

L 0.20 0.41 4 >0.50 

SVL 0.05 0.10 4 >0.90 

TL 0.38 0.82 4 >0.40 

Table 27 

Correlation of the Production-Ingestion (P-I) Ratios for Weight (W), 
with the P-I Ratios for Total Length (L), Snout-Vent 

Length (SVL), and Tail Length (TL) for 
Nevodia fasaiata from Shelby 

County, Tennessee!'2 

Correlation 

Sex Parameter Coefficient t df P 

L 0.02 0.04 5 >0.90 

SVL -0.05 0.12 6 >0.90 

TL 0.22 0.50 5 >0.50 

? L 0.45 1.01 4 >0.20 

SVL 0.39 0.85 4 >0.40 

0.09 0.18 4 >0.50TL 
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Table 28 

Individual Variation in the Rate of Increase in Weight 
Per Unit Length (W/SVL) in Male Nerodia fasdata 

from Shelby County, Tennessee^ 

Indiv 

idual 

Rate of 

Increase 

in W/SVL 
(x 107) 20/6 20/2 

Individuals 

20/1 20/12 20/3 20/5 20/4 

20/6 7.80 

20/2 7.47 NS 

20/1 7.25 NS NS 

20/12 7.19 S NS NS 

20/3 6.78 S S NS NS 

20/5 6.34 s s S S NS 

20/4 6.10 s s S s s NS 

NS = Not significant, p > 0.05. 
2$ = Significant, p < 0.05. 
W/SVL is in units of grams per millimeter. 
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from the table due to insufficient data that did not cover the full 

four years. Those individuals with non-overlapping confidence 

intervals are significantly different from one another (p < 0.05). 

It is apparent that each individual was approaching its own set of 

maximum sizes for the growth parameters. There were also differences 

in the estimated r values. 

As discussed in Chapter 3, pages 41 and 47, the r value is a 

measure of how rapidly the snakes approach their estimated asymptotes. 

The larger the value of r, the more rapidly the individual will 

approach its estimated asymptote and consequently the more rapid 

will be the decline in its growth rate as it matures. Snakes with 

smaller values of r will approach their estimated asymptotes at a 

slower rate and consequently will show a more gradual decline in 

growth rate as they mature. Knowing this information, it is not sur 

prising that the r values were inversely correlated with the estima 

ted asymptotes for males (correlation coefficient = -0.91, t = 4.91, 

df = 5, p < 0.01), and nearly inversely correlated for females (cor 

relation coefficient = -0.84, t = 2.68, df = 3, p > 0.05). The lack 

of a significant correlation in the females was apparently due to the 

small sample size since they showed the same trend as the males. The 
f 

inverse condition between the estimated asymptote and the growth con 

stant indicates that, at least within a litter, the larger the 

estimated asymptote, the longer an individual will take in reaching 

it. 
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D-iscussion 

The amount of variation in growth among members of the same 

litter is certainly only a small indication of the variation that 

exists among juveniles of an entire population. Of course, there is 

no guarantee that the amount of variation measured in a single litter 

is indicative of the variation that exists in the population as a 

whole. Survivorship is low in juvenile snakes and increases as the 

animals get older (Feaver 1977). There is the distinct possibility 

that individuals displaying certain growth patterns are systemati 

cally eliminated from the population. This selective process would 

tend to lower the total amount of variation in the population so that 

the variation among older snakes is much less than among juveniles. 

There is no way of knowing at this time which of the growth patterns 

would be favored or eliminated under any particular set of circum 

stances, but there is certainly enough variation available to allow 

selection to push a population in a number of different directions. 

Given the amount of individual variation displayed under the 

present feeding regimen, it is not hard to imagine that the magnitude 

of the response to a change in the feeding regimen would vary among 

individuals. Variation in the response to a change in the feeding 

regimen would certainly cause variation in the reproductive output 

among individuals. Little is known about size in relation to repro 

ductive success in males so not much can be said about changes in 

their reproductive output with a change in the feeding regimen. 

Females, however, that were better able to maintain their P-I ratios 

for W at a high level when resources were not readily available would 
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be more likely to produce successful broods during that year when 

females whose P-I ratios dropped drastically. Prolonged periods of 

low resource availability would certainly increase the proportion of 

snakes in the population displaying small changes in the P-I ratio 

with changing resource availability. On the other hand, females that 

have a large change in their P-I ratios for W may be able to increase 

their reproductive output beyond that of females that do not during 

long periods of high resource availability. The population would 

consequently show an increase in the proportion of individuals dis 

playing large fluctuations in the P-I ratio with changing resource 

availability. Speculation could certainly come up with other scen 

arios that would favor certain growth patterns. Without more 

information about selection in natural populations, this process 

would do little more than create many possibilities with no way of 

choosing which ones were actually operating in the wild. 



CHAPTER 6 

GENERAL DISCUSSION 

Introduation 

This chapter is divided into two major parts. The first part 

deals with the relationship of the findings in this study with those 

reported in the literature. The second part deals with questions 

that have arisen as a result of this work and some possibilities for 

addressing them in the future. 

Growth Studies in the Literature 

Energetics. Assimilation efficiency values were reported for 

a number of species of reptiles in Chapter 1. Caloric assimilation 

efficiency values for the species in this study range from 91.8% to 

97.2% (see Table 21, page 138). These values are slightly higher 

than those reported by Smith (1976) for Elaghe guttata and Heterodon 

platyrhinos and by Gehrmann (1971) for Natrix {=Nerodia) erythrogas-

ter transverse (see Table 1, pages 9 and 10). The values reported 

certainly fall within the range reported for insectivorous and 

carnivorous reptile species (Skoczylas 1978). The differences 

between the caloric assimilation efficiencies reported here and those 

for E. guttata and E. ptatyrhinos certainly can be attributed to the 

species differences as well as to the differences in their diet. The 

difference in the caloric assimilation efficiencies for N. erythro-

gaster and the three species in this study is at least 10 percentage 

162 
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points. This difference is of interest since not only are all of the 

species in the same genus, but they were all maintained on a diet of 

minnows. The difference between the assimilation efficiencies also 

includes the magnitude of the change in the values with time. The 

largest drop in the caloric assimilation efficiency between one month 

of age and 12 months of age was 2.1% for N. rhombifera fed the inter 

mediate meal size. The drops reported by Gehrmann (1971) were 2.7% 

for females and 2.8% for males between the ages of three and one-half 

and seven months. The apparent disparity in these values can be 

explained in a number of ways. Although the species are related, 

N. erythrogaster is from a different geographic location than the 

species in this study and it would not be surprising if the particu 

lar set of circumstances under which the populations evolved caused 

disparities in their assimilation efficiencies. It is more intrig 

uing, however, to attribute the disparity to seasonal fluctuation in 

the caloric assimilation efficiencies. With only one exception, the 

highest caloric assimilation efficiencies were measured during the 

summer months. It would not be surprising to discover that assimila 

tion efficiencies were highest in the summer and lowest in the winter 

in reptiles that normally hibernate during the colder months of the 

year. Although there is much variation, some reptiles do show a 

reduced metabolism during the winter months (see Bennett and Dawson 

1976 for a review), and quite possibly could display reduced assimila 

tion efficiencies during that time. The N. erythrogaster in Gehrmann's 

(1971) study were born on September 4th and 10th, and within hours 

were introduced into the experiment. The initial measurement of the 
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assimilation efficiency would involve data produced from September 

through late December. The second measurement would involve data 

produced from late December through late March or early April. If 

there is a seasonal fluctuation in the caloric assimilation effi 

ciency, the first measurement would have been taken on data produced 

when assimilation efficiency was on the downswing, and the second 

measurement would have been taken on data produced when assimilation 

efficiency was at its lowest point. The measurements in the present 

study would have been taken during periods when the assimilation 

efficiency would be at a relatively high level. The argument pre 

sented above is entirely speculative, but it is certainly one that 

can be tested. 

Growth Rates 

There are two patterns of sexual dimorphism in adult size 

reported for snakes: one in which males are larger, and one in 

which females are larger (Feaver 1977). There are also two patterns 

of sexual dimorphism in growth: one in which juveniles grow at 

similar rates until individuals of the smaller sex reach maturity, 

and one in which juveniles grow at different rates (Andrews 1982). 

Species that follow the former growth pattern include Elaphe a. obso-

leta (Fitch 1963), and E. g. guttata (Barnard et al. 1979). Species 

that follow the latter growth pattern include Spalerosophis oliffovdi 

(Dmi'el 1967), and Ratrix {=Nerodia) sipedon and Natrix {=Regina) 

septemvittata (Raney and Roecker 1947). The snakes in this study 

of course follow the latter growth pattern. 
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As with assimilation efficiencies, the P-I ratios for N. 

fasoiata, N. oyalo'pion, and N. rhombifera are directly comparable 

with those for N. erythrogaster. P-I ratios for W for N. erythvo-

gastev females were 28% for the first three and one-half months and 

20% for the second three and one-half months. Values for males were 

27% and 20% respectively (Gehrmann 1971). These values are certainly 

within the range of values reported for this study (see Table 8, 

pages 74 and 76). There is also the expected drop in the P-I ratio 

for N. erythrogaster as the snakes get older. 

There are several pieces of information in the literature that 

are pertinent to explaining some of the results in this study. In 

those cases where adequate data are available, females generally 

have been found to have lower metabolic rates than males (Bennett 

and Dawson 1976). Lower metabolic rates indicate lower maintenance 

costs and frees more of the ingested energy for other uses (e.g., 

growth). As a result females can grow more rapidly than males. This 

explanation works well in this situation, but what happens in situa 

tions where males grow more rapidly than females? Unfortunately the 

metabolic data are not available for enough species to ascertain 

whether the situation is reversed in such cases (Bennett and Dawson 

(1976). 

In the lizard Anolis cccrolinensis, the percent of energy ex 

pended as metabolism increased at higher feeding levels (Kitchell 

and Windell 1972). This fact certainly goes along with the idea of 

a shift in the allocation of energy for various purposes with a 

change in the feeding regimen. A possible mechanism for the shift in 
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the amount of energy allocated to increases in weight and length 

involves a change in hormone levels. Licht and Jones (1967) found 

that when energy intake exceeded demand, prolactin treated Anolis 

oavolinensis elongated while the controls fattened. This result was 

found in spite of the fact that the caloric assimilation was similar 

in the two groups. The shift from fattening to elongation is exactly 

what happened when the feeding regimen was changed for N. fasoiata. 

Whether or not a hormone change is involved in the present study is 

not important at this time, but the change in Anolis aarolinensis 

certainly shows that a mechanism is available for such a shift. 

Differences in growth rates among species are much more diffi 

cult to attribute to any particular influence. Growth rates are 

adapted to certain features of an animal's environment including the 

feeding requirements of the young, the infant mortality rate, and 

the availability of food for adults (Case 1978b). Adaptation to a 

particular lifestyle can certainly affect the growth rate of a 

species. Slow growth may represent an adaptive trait for species 

with secretive habits and low frequencies of prey encounter (Andrews 

1982). 

There are also examples in the literature of intraspecific 

selection among individuals that vary in growth rate. In the lizard 

genus Saeloporus, fast-growing individuals are favored under condi 

tions of high food availability because they reach the largest size 

prior to the breeding season and dominate the smaller individuals for 

breeding territories. Slow-growing individuals are favored under 
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conditions of low predation and a stable food supply. These individ 

uals store a higher proportion of the ingested energy as glycogen 

and fat and consequently have less somatic tissue to support during 

the winter. This fact results in higher winter-spring survivorship 

for these animals (Ferguson and Brockman 1980). 

In Amphibolurus omata, an agamid lizard, fast-growing indiv 

iduals mature at one year and slow growing individuals at two years. 

Slow-growing individuals are cold-sensitive, but drought-resistant. 

Fast-growing individuals are cold-hardy, but drought-sensitive. At 

sites with a variable climate, both growth types persist because of 

the differential mortality of the types with shifts in the climate. 

Fast-growing individuals are unable to tolerate high levels of elec 

trolytes in their body fluids during periods of water deprivation, 

and slow-growing individuals are intolerant of cold (Bradshaw 1971). 

While the exact selective pressures for the species in this study 

are unknown, the variety in growth patterns is certainly sufficient 

to allow differential mortality to push a population in a number of 

directions. 

Problems for Future Research 

While individual variation is far from being a new idea, 

close examination of the subject has been neglected in favor of 

making generalizations about groups of organisms. Probably the most 

important contribution of this study is in revealing some of the 

variation that exists in growth rates even among individuals from 

the same litter. This information opens up a number of avenues of 
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research in natural selection. What is of particular interest is 

the effect that differences in individual growth rates may have on 

fecundity in females and reproductive success in males. 

There are obviously fast and slow-growing individuals in any 

population. Regression lines showing the increase in reproductive 

output with increases in SVL for snakes are constructed from individ 

uals that probably have different growth rates. This situation is 

very much like the group regression lines in this study which were 

constructed from individuals that were later shown to have signifi 

cantly different growth rates. By knowing the individual growth 

rates of captive animals, it would be an easy matter to conduct 

breeding experiments to ascertain whether there truly is a difference 

in the relationship between SVL and fecundity in snakes with differ 

ent growth rates. 

Although it could not be addressed in this study, differential 

shifts in the P-I ratios with changing meal size should be as likely 

among individuals as it was between the sexes. Under these circum 

stances the question arises as to.the effect these differential 

shifts would have on fecundity. In years with low resource avail 

ability, would there be some individuals whose P-I ratio for W still 

allowed them to accumulate enough energy reserve to successfully 

reproduce? If there were such individuals, how would they compare 

with the snakes that could not reproduce during that time when 

resource availability was again high? 

In connection with high and low resource availability, 

increases in L and SVL were much greater when resources were not 
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readily available. The idea that individuals forego reproduction 

during unfavorable years and increase in L and SVL as rapidly as 

possible in order to increase their reproductive output in the future 

when conditions are again favorable is intriguing. Although it may 

not be possible to show for certain that this reproductive strategy 

is employed, the possibility of its existence can certainly be 

addressed in the lab. Controlled breeding experiments with snakes 

maintained on diets that can be changed to fit the demands of simula 

ting changing resource availability can provide the information 

needed to evaluate this possibility. 

One more question that needs to be addressed is the relation 

ship among growth rate, size, and reproductive success in males. 

This information is particularly needed in species that do not have 

male-male combat. Addressing this question has been difficult be 

cause it is not readily apparent which male sired which litter. 

Under controlled conditions in the lab, this problem can be overcome, 

although finding a solution to the problem may still be difficult. 

All of the questions presented above require long term inves 

tigation which may entail producing multiple generations from snakes 

with known growth rates. These experiments, however, would be a 

first step in the direction of a more full understanding of the 

selective process and how it works to shape certain growth patterns 

and strategies of reproduction. 
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Table A-3 

Comparisons of Production-Ingestion (P-I) Ratios for Weight (W), 
Total Length (L), Snout-Vent Length (SVL), and Tail Length 

(TL) for Individual Male Nevodia fasaiata from Lake 
County, Tennessee Fed the Large Meal Size* 

Focal 

Indiv- P-I 
idual Parameter Ratio 

20/107 W 0.22 

1.07 

SVL 0.89 

TL 0.19 

20/108 0.22 

1.26 

SVL 1.03 

TL 0.24 

Statistics 

t 

df 

P 

t 

df 

P 

t 

df 

P 

t 

df 

P 

t 

df 

P 

t 

df 

P 

t 

df 

P 

t 

df 

P 

20/107 

-0.89 
26 

0.3804 

-1.76 

26 

0.0863 

-1.68 

26 

0.1015 

-1.94 
26 

0.0593 

Individuals 

20/108 

0.89 

26 

0.3804 

1.76 

26 

0.0863 

1.68 

26 
0.1015 

1.94 

26 

0.0593 

20/110 

0.39 

26 

0.6973 

3.38 

26 

0.0023 

3.22 

26 

0.0034 

3.74 

26 

0.0009 

-0.45 

26 

0.6571 

1.46 

26 

0.1525 

1.37 

26 

0.1789 

1.68 

26 

0.1008 
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Table A-3 (Continued) 

Focal Individuals 
Indiv- P-I 
idual Parameter Ratio Statistics 20/107 20/108 20/110 

20/110 W 0.22 t -0.39 0.45 
df 26 26 
p 0.6973 0.6571 

L 1.44 t -3.38 -1.46 
df 26 26 
p 0.0023 0.1525 

SVL 1.15 t -3.22 -1.37 
df 26 26 
p 0.0034 0.1789 

TL 0.29 t -3.74 -1.68 
df 26 26 
p 0.0009 0.1008 

*Data represent 12 months of growth. 
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Table A-4 

Comparisons of Production-Ingestion (P-I) Ratios for Weight (W), 
Total Length (L), Snout-Vent Length (SVL), and Tail Length 
(TL) for Individual Female Nerodia fasaiata from Lake 

County, Tennessee Fed the Large Meal Size* 

Focal Individuals 

Indiv P-I 

idual Parameter Ratio Statistics 20/107 20/108 20/110 

20/101 W 0.28 t -4.15 -7.30 

df 26 26 

P 0.0003 0.0001 

0.96 t ■0.26 0.75 
df 26 26 

P 0.7980 0.4604 

SVL 0.77 t 0.67 1.45 
df 26 26 

P 0.5102 0.1544 

TL 0.18 t ■4.28 -2.34 
df 26 26 

P 0.0002 0.0243 

20/102 W 0.25 t 
df 

P 

4.15 
26 
0.0003 

-2.56 
26 
0.0145 

0.93 t 
df 
P 

0.26 
26 
0.7980 

0.92 
26 
0.3654 

SVL 0.82 t 
df 

P 

-0.67 
26 
0.5102 

0.69 
26 
0.4965 

TL 0.11 t 
df 
P 

4.28 
26 
0.0002 

-2.34 
26 
0.0243 
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Table A-4 (Continued) 

Focal 

Indiv 

idual Parameter 

P-I 

Ratio Statistics 20/107 

Individuals 

20/108 20/109 

20/104 W 0.24 t 

df 

P 

7.30 

26 

0.0001 

2.56 

26 

0.0145 

L 1.02 t 

df 

P 

-0.75 

26 

0.4604 

-0.92 

26 

0.3654 

SVL 0.88 t 

df 

P 

-1.45 

26 

0.1544 

-0.69 

26 

0.4965 

TL 0.14 t 

df 

P 

2.34 

26 

0.0243 

-1.84 

26 

0.0729 

'Data represent 12 months of growth. 
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Table A-6 

Comparisons of Production-Ingestion (P-I) Ratios for Weight (W), 
Total Length (L), Snout-Vent Length (SVL), and Tail Length 
(TL) for Individual Female Nerodia fasciata from Lake 

County, Tennessee Fed the Intermediate Meal Size* 

IndividualsFocal 

Indi V- Param P-I Statis-

idual eter Ratio ti OS 20/105 20/106 20/118 

20/105 W 0.24 t -0.08 0.77 

df 24 24 

0.9383 0.4446P 

L 1.72 t 1.29 0.52 

df 24 24 

0.2097 0.6071P 

SVL 1.39 t 1.11 0.50 

df 24 24 

0.2768 0.6204P 

TL 0.33 t 1.97 0.55 

df 24 24 

0.0604 0.5873P 

20/106 W 0.24 t 0.08 0.85 

df 24 24 

0.9383 0.4014P 

L 1.93 t -1.29 -0.78 

df 24 24 

0.2097 0.4402P 

SVL 1.54 t -1.11 -0.64 

df 24 24 

0.2768 0.5275P
^ 

TL 0.39 t -1.97 -1.38 

df 24 24 

0.0604 0.1750P 

20/118 W 0.24 t -0.77 -0.85 

df 24 24 

0.4446 0.4014P 
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Table A-6 (Continued) 

Focal 
Indi V- Param P-I Statis 

idual eter Ratio tics 20/105 

L 1.80 t -0.52 

df 24 

0.6371P 

SVL 1.45 t -0.50 

df 24 

0.6204P 

XL 0.35 t -0.55 
df 24 

0.5873P 

*Data represent 12 months of growth. 

Individuals 

20/106 20/118 

0.78 

24 

0.4402 

0.5'' 

24 
M 0■>0.5275 

1.38 
24 
0.1750 
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Table A-11 

Comparisons of Production-Ingestion (P-I) Ratios for Weight (W), 
Total Length (L), Snout-Vent Length (SVL), and Tail Length 

(TL) for Individual Male Nerodia fasaiata Fed the 
Small Meal Size* 

Focal Individuals 

Indi V- Param P-I Statis-

idual eter Ratio tics 20/111 20/112 20/122 

20/111 W 0.22 t -4.69 -0.98 

df 18 18 

0.0002 0.3378P 

-—L 1.82 t 0.06 0.35 

df 18 18 

0.9492 0.7324P 

SVL 1.46 t 0.25 -0.23 

df 18 18 

0.8028 0.8179P 

TL 0.35 t -0.48 2.18 

df 18 18 

0.6391 0.0381P 

20/112 W 0.20 t 4.69 -1.82 

df 18 18 

0.0002 - 0.0801P 

—— — —L 1.83 t -0.06 0.29 

df 18 18 

0.9492 0.7770P 

SVL 1.49 t -0.25 -0.42 

df 18 18 

0.8028 0.6758P 

TL 0.34 t 0.48 2.55 

df 18 18 18 

0.6391 0.0166P 

W 0.21 t 0.98 -1.82 

df 18 18 

0.3378 0.0801P 
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Table A-11 (Continued) 

Focal 

Indiv 

idual 

Param 

eter 

P-I 

Ratio 

Statis 

tics 20/111 

Individuals 

20/112 20/122 

L 1.87 t 

df 

P 

-0.35 

18 

0.7324 

-0.29 

18 

0.7770 

SVL 1.43 t 

df 

P 

0.23 

18 

0.8179 

0.42 

18 

0.6758 

— — —• 

TL 0.44 t 

df 

P 

-2.18 

18 

0.0381 

-2.55 

18 

0.0166 

*Data Represent 10 months of growth. 
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Table A-12 

Comparisons of Production-Ingestion (P-I) Ratios for Weight (W), 
Total Length (L), Snout-Vent Length (SVL), and Tail Length 

(TL) for Individual Female Nevodia fasoiata Fed the 

Focal 

Indi V- Param 

idual eter 

20/115 W 

L 

SVL 

TL 

20/121 W 

L 

SVL 

TL 

Small Meal Size* 

Individuals 

P-I Statis 

Rati0 tics 20/115 20/121 

0.21 t -4.20 

df 14 

0.0009P 

-2.35 

df 14 

0.0338 

2.24 t 

P 

-2.18 

df 14 

0.0466 

1.88 t 

P 

-2.28 

df 14 

0.0384 

0.36 t 

P 

— ■" ~ —0.16 t 4.20 

df 14 

0.0009P 

1.89 t 2.35 
df 14 

0.0338P 

1.63 t 2.18 
df 14 

0.0466P 

0.27 t 2.28 
df 14 

0.0384P 

*Data represent 8 months of growth. 
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Table A-13 

Comparisons of Production-Ingestion (P-I) Ratios for Weight (W), 
Total Length (L), Snout-Vent Length (SVL), and Tail Length 

(TL) for Individual Male Nevodia rhombifera Fed the 
Small Meal Size* 

IndividualsFocal 

Indiv Param P-I Statis 

idual eter Rati0 tics 22/25 22/29 22/30 

22I2S W 0.15 t -0.14 -0.39 

df 19 19 

0.8925 0.6991P 

L 1.07 t -0.42 -0.79 
• df 19 19 

0.6795 0.4378P 

SVL 0.74 t 0.05 -0.88 

df 19 19 

0.9601 0.3891P 

TL 0.33 t -1.05 -0.46 

df 19 19 

0.3020 0.6493P 

22/29 W 0.15 t 0.14 -0.28 

df 19 19 18 

0.8925 0.7788P 

L 1.04 t 0.42 -0.36 

df 19 18 

0.6795 0.7196P 

-0.84SVL 0.74 t -0.05 

df 19 18 

0.9601 0.4075P 

0.52TL 0.29 t 1.05 
18df 19 

0.3020 0.6064P 

22/30 W 0.14 t 0.39 0.28 

df 19 18 

0.6991 0.7788P 
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Table A-13 (Continued) 

Focal 

Indi V- Param P-I Statis-

idual eter Ratio ti OS 22/25 

L 1.01 t 0.79 

df 19 

P 0.4378 

SVL 0.70 t 0.88 

df 19 

P 0.3891 

TL 0.31 t 0.46 

df 19 

P 0.6493 

*Data represent 10 months of growth. 

Individuals 

22/29 22/30 

0.36 

18 

0.7196 

0.84 

18 

0.4075 

-0.52 

18 E0.6064 
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Table A-17 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Male Nerodia fasoiata from Lake 

County, Tennessee Fed the Large Meal Size 

Individuals 

Focal Slope* 
Individual (x 107) Statistics 20/107 20/108 20/110 

20/107 11.06 t 

df 

P 

20/108 8.66 t 5.59 

df 26 

0.0001P 

20/110 7.69 t 7.78 -2.38 

df 26 26 

0.0001 0.0225P 

*0f regression grams per millimeter of SVL on SVL" 
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Table A-18 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Female Nerodia fasaiata from Lake 

County, Tennessee Fed the Large Meal Size 

Individuals 
Focal Slope* 
Individual (x 107) Statistics 20/101 20/102 20/104 

20/101 8.27 t 

df 

P 

20/102 8.86 t -1.16 

df 26 

0.2564P 

20/104 7.42 t 1.85 2.78 

df 26 26 

0.0714 0.0084P 

*0f regression grams per millimeter of SVL on SVL^ 
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Table A-19 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Male Nerodia fasoiata from Lake 
County, Tennessee Fed the Intermediate Meal Size 

Individuals 

Focal Slope* 
Individual (x 107) Statistics 20/113 20/114 20/117 20/119 

20/113 8.22 t 

df 

P 

20/114 8.30 t -0.23 

df 26 

0.8203P 

20/117 7.45 t 2.29 2.64 

df 26 26 

P 0.0276 0.0119 

20/119 5.89 t 3.93 4.36 1.85 

df 26 26 26 

0.0003 0.0001 0.0706P 

2 
*0f regression grams per millimeter of SVL on SVL . 
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Table A-20 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Female Nerodia fasaiata from Lake 

County, Tennessee Fed the Intermediate Meal Size 

Individuals 

Focal Slope* 
Individual (x 107) Statistics 20/105 20/106 20/118 

20/105 6.35 t 

df 

P 

20/106 5.54 t 7.26 

df 26 

0.0001P 

20/118 6.40 t -0.29 -5.56 

df 26 26 

0.7767 0.0001P 

2 
*0f regression grams per millimeter of SVL on SVL . 
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Table A-21 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Male Nevodia cyoto-pion Fed the 

Intermediate Meal Size 

Individuals 

Focal Slope* 
Individual (x 107) Statistics 21/104 21/106 21/108 21/110 

21/104 6.64 t 

df 

P 

21/106 6.82 t -0.50 

df 26 

0.6200P 

21/108 6.66 t -0.07 0.40 

df 26 26 

P 0.9422 0.6942 

21/110 6.87 t -1.17 -0.14 -0.75 

df 26 26 26 

P 0.2514 0.8916 0.4565 

*0f regression grams per millimeter of SVL on SVL . 
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Table A-22 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Female Nerodia ayalopion Fed the 

Intermediate Meal Size 

Individuals 

Focal Slope 
Individual (X 10^) Statistics 20/101 21/105 21/107 21/114 

^ ^_21/101 6.16 t 

df 

P 

21/105 7.03 t -2.68 

df 26 

0.0127P 

21/107 6.42 t -1.02 2.11 

df 26 26 

0.3145 0.0415P 

21/114 6.74 t -2.46 1.12 -1.32 

df 26 26 26 

0.0173 0.2660 0.1931P 

2 
*0f regression grams per mil1imeter of SVL on SVL . 
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Table A-23 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Male Bevod-la vhomb-ifeva Fed the 

Intermediate Meal Size 

Individuals 

Focal Slope^ 
Individual (X 107) Statistics 2111 ZZjlS 22/23 22/31 

22/7 8.64 t 

df 

P 

22/19 9.28 t -1.99 

df 26 

0.0577P 

22/23 8.73 t -0.28 1.65 

df 26 26 

0.7814 0.1061P 

22/31 9.02 t -1.34 0.80 -1.02 

df 26 26 26 

0.1855 0.4276 0.3138P 

2 
*0f regression grams per millimeter of SVL on SVL . 
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Table A-24 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Female Nevodia rhombifera Fed the 

Intermediate Meal Size 

Individuals 

Focal Score* 
Individual (x 107) Statistics 22/9 22/10 22/27 22/32 

22/9 7.38 t 

df 

P 

22/10 8.51 t -4.74 

df 26 

0.0001P 

22/27 7.84 t -2.27 3.10 

df 26 26 

0.0289 0.0036P 

22/32 7.32 t 0.23 4.83 2.58 

df 26 26 26 

0.8180 0.0001 0.0128P 

2 
*Qf regression grams per millimeter of SVL on SVL . 
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Table A-25 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Male Nerodia fasoiata from Lake 

County, Tennessee Fed the Small Meal Size 

Individuals 

Focal Slope* 
Individual (X 107) Statistics 20/111 20/112 20/122 

20/111 7.12 t _ _^_ 

df 

P 

20/112 6.70 t 2.85 

df 18 

P 0.0107 

20/122 6.78 t 1.61 -0.38 

df 18 18 

P 0.1194 0.7106 

*0f regression grams per millimeter of SVL on SVL . 
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Table A-26 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Female Nerodia fasaiata from Lake 

County, Tennessee Fed the Small Meal Size 

Individuals 

Focal Slope* 
Individual (X 107) Statistics 20/115 20/121 

_^ ^20/115 5.49 t 

df 

P 

20/121 6.42 t -4.44 

df 14 

0.0006P 

2 
*0f regression grams per millimeter of SVL and SVL . 
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Table A-27 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Male Nerodia rhombifera 

Fed the Small Meal Size 

Individuals 

Focal Slope* 
Individual (X 107) Statistics 22/25 22/29 22/30 

22/25 8.30 t 

df 

P 

22/29 9.20 t -1.23 

df 19 

0.2281P 

22/30 10.04 t -2.15 -1.08 

df 19 18 

0.0447 0.2892P 

2 
*0f regression grams per millimeter of SVL on SVL , 
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Table A-28 

Comparisons of Individual Rates of Increase in Weight Per Unit 
Length (W/SVL) for Female Berodia rhombifera 

Fed the Small Meal Size 

Individuals 

Focal Slope* 
Individual (x 107) Statistics 22/1 22/11 22/24 22/33 

22/1 5.68 t 
df 

p 

22/11 5.76 t -0.14 
df 20 
p 0.8928 

22/24 9.03 t -4.61 -4.20 
df 19 19 
p 0.0001 0.0002 

22/33 7.55 t -3.24 -2.83 2.01 
df 19 19 18 
p 0.0025 0.0073 0.0518 

2 
*0f regression grams per millimeter of SVL on SVL . 
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VITA 

Leroy M. Scudder was born on December 31, 1951 in Trenton, 

New Jersey. He is the fourth of six sons born to Philmore M. and 

Cordelia J. Scudder. He was raised and attended public schools in 

Bristol, Pennsylvania, a small town northeast of Philadelphia, where 

he developed his interest in snakes. After leaving high school, he 

decided that Roy was a much better name to be called on a regular 

basis and was known by that appellation while working toward a 

Bachelor of Arts degree at Princeton University and a Master of Arts 

degree at Boston University. 

In 1977, Roy entered The University of Tennessee, Knoxville, 

where he not only continued his graduate studies, but also maintained 

his interest in playing competitive volleyball, and developed an 

interest in calligraphy and dance. Roy received the degree of 

Doctor of Philosophy in Zoology in 1983. Upon leaving The University 

of Tennessee, Roy took with him a profound interest in growth as it 

relates to reproductive strategies, many fond memories, and a love 

for dance that rivaled his love of snakes. 
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