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1. Introduction 

To be the best in all possible worlds is not biologically possible; to be well adapted to 

even one world requires compromise. Theoretical studies of life-history evolution 

identify such compromises as "tradeoffs" between life-history variables (Reznick, 1985). 

Tradeoffs are defined as behavioral or physiological adaptations in which improvements 

in one characteristic directly relates to the decline in fitness of another related 

characteristic. Tradeoffs are universal and can be seen in all animals; examples include 

the turtle's protective shell and associated loss of mobility, and the mouse eared bat's 

echolocation for hunting at night, and the relative lost of sight (Dorit et al., 1991). 

However, the most frequently encountered examples are associated with the costs of 

reproduction. 

It has been a long standing belief that procreation of the species is the ultimate goal of all 

life, and therefore an optimal life-history should evolve in order to balance any costs of 

reproduction with the greatest number of viable offspring. This seemingly simple 

balance is the driving force behind many of the physiological and behavioral adaptations 

that many species have adopted. Cost of reproduction can take several fonns, but the 

most common are likely to be higher mortality, reduced energy stores, decreased 

fecundity, or decreased growth rates (Madsen, 1993, Schwarzkopf, 1996). 

This review will focus on the current literature that deals with the costs of reproduction in 

viviparous lizards, in order to obtain a better understanding of this reproductive mode. 

Viviparity has evolved in all classes of vertebrates, with the exception of birds and 

cyclostomes; it is also a relatively uncommon phenomenon within amphibians and teleost 

fishes (Shine, 1989). However, among the squamate reptiles (lizards and snakes) 

viviparity has evolved in almost 100 lineages, about 20% if the species (Blackburn, 1982; 

Guillette, 1993 ). In fact, of all the viviparous reptiles 71% belong to either two lizard 

families: Iguanidae and Scincidae, or two families of snakes: Colubridae and Viperidae. 

These taxa show a discontinuous distribution, which strongly suggests that viviparity is a 

selective adaptation to external environmental factors. This raises a number of important 
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questions such as, how and why did viviparity evolve? What physiological and 

ecological costs are associated with it? How are these costs minimized? 

1.1 Terminology 

Traditionally there have been three modes of reproduction ascribed to reptiles: 1) 

oviparity, in which eggs are laid and embryos develop outside the mother's body; 2) 

ovoviviparity, in which embryos develop from eggs that are retained within the mother's 

body but are separated from it by egg membranes; 3) viviparity, in which the embryo 

develops completely within the mother. However, many researchers no longer distinguish 

between ovoviviparity and viviparity (Tinkle, 1977, Blackburn, 1982, Shine, 1989, and 

De Fraipont et al., 1996). Despite interspecific differences in the complexity of 

placentation, all "live bearing" species share the property of retaining "eggs" in utero for 

the entire period of embryonic development so that fully developed young are produced 

at parturition (Shine, 1983). However, it is still helpful to recognize the two extreme 

forms of embryonic nutrition that occur: 1) lecithotrophy, in which the embryo is 

supplied nutrients needed for development by the yolk sac; and 2) matrotrophy or 

placentotrophy, in which the embryo is supplied nutrients across the placenta. In both 

cases, however, gas exchange is facilitated across the placenta (Shine, 1983). 

There are at least three hypotheses proposed to explain how viviparity may have evolved 

(Blackburn, 1995). The first suggests a "gradualistic development" in which successive 

generations of oviparous lizards retained eggs in their oviducts for incrementally longer 

periods, until ultimately complete development of the fetuses occurred in utero. Thinning 

of the eggshell and the formation of a simple placenta followed this retention of the egg. 

A second proposal suggests a process of "saltational evolution" in which females retain 

their eggs for prolonged periods leading directly to live birth, without any evolutionary 

intermediate steps or stages. In this scenario, viviparity originated directly from oviparity 

with little genotypic modification. The final proposal, "punctuated equilibrium" suggests 

that typical oviparity and viviparity could be a static regent of evolution where prolonged 

egg retention is a transitory trait only. In this case development could return to oviparity 
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or evolve to viviparity relatively quickly, depending on the push of external pressures. 

There is supporting evidence for all of these hypotheses, and in actuality all of these 

scenarios may have been followed (Blackburn, 1995). 

2.0 Evolution of Viviparity 

2.1 Selection for Viviparity 

Viviparity is defined as the retention of the fetus within the uterus until development is 

completed at which point fully viable young are born (Shine, 1980; 1989, Schwarzkopf, 

1992, Guillette, 1993). So why would such an evolutionary development occur, when the 

majority of reptiles are oviparous? The Darwinian model of natural selection suggests 

that any adaptations or traits that would increase the reproductive success of a species 

should increase in frequency. Therefore there must be some advantage to the increased 

uterine retention that characterizes viviparity. 

Viviparity is only likely to be an advantage if embryonic survival is greater when the 

embryo is retained in utero than when the embryo develops outside the uterus. In the 

external environment a fetus may face a plethora of hostile factors, such as extremes in 

temperature, predators, desiccation, and anoxia, and retention within the uterus could 

minimize some of these factors (Shine, 1983, De Fraipont et al., 1996). One prevailing 

hypothesis about the evolution of viviparity has been dubbed the "cold climate 

hypothesis" by Tinkle (1977) and has been supported by others including Blackburn 

(1982), De Fraipont et al., (1996) and Shine (1983). This hypothesis suggests that 

viviparity evolved because ectothermic reptiles are dependent on specific temperature 

ranges for successful development of the fetus. Retention of the embryo permits a 

greater control of the thermal environment during development, through the mother's 

thermoregulatory behavior. In a cold climate, eggs of an oviparous squamate are likely to 

be laid in situations where temperatures may be below optimal for embryonic 

development thereby slowing development; this delay could be fatal. In an extreme case, 

embryonic development may not be completed before ground temperatures reach fatal 
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lows, killing the unborn clutch (Guillette, 1993). Occupation of a cold climate is the 

most consistent correlate with viviparity, however, not all cold-climate reptiles are 

viviparous and not all viviparous lizards inhabit a cold climate. The common occurrence 

of viviparity in present-day reptilian taxa that do not inhabit cold climates may be due to 

radiations subsequent to the evolution of this trait (Shine, 1989). 

2.2 Physiological Adaptations Necessary for Viviparity 

In order for viviparity to be a functional alternative to oviparity several anatomical and 

physiological changes had to evolve. There are two physiological developments without 

which there could be no viviparity. The first is the development of a placenta, and the 

second is an increased duration of egg retention. 

The hypothesis suggesting a gradual evolutionary transition between ovoviviparity and 

viviparity is based on the belief that complete egg retention evolved first, followed later 

by the loss of the eggshell, and the development of the placenta. If it is accepted that 

viviparity evolved from oviparity, then a second fact must also be accepted: that the 

oviparous species ovulate and ovipost eggs which contain all the nutrients required for 

development (Guillette, 1985). During the evolution of the placenta, a significant 

decrease in the thickness of the eggshell must have developed. Thinning of the shell wall 

would result in a reduction in the diffusion distance between the embryonic and maternal 

blood supplies, allowing the gas and water exchange necessary for the development of 

the fetus. 

Guillette's (1985, 1993) hypothesis suggested that the decrease in shell wall thickness 

was caused initially by a decrease in the recruitment of the estrogen-dependent uterine 

glands that are responsible for eggshell development at the onset of the reproductive 

cycle. This decrease could have been in response to several factors: 1) a reduction in 

circulating estrogen; 2) an increase in the blocking of the estrogen receptors, or a 

decrease in the number of the receptors; 3) postreceptor modifications preventing 
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activities such as transcription and translation; or, 4) a reduction in the number of the 

stem-cells that are responsible for giving rise to gland cells (Guillette, 1993). The 

thinning of the eggshell allowed the uterus to be exposed to the chemical signals secreted 

by the embryo, leading to the maternal recognition of pregnancy, which in turn promoted 

even further elaboration of the placenta. It is believed that these changes may have been 

rather rapid due to the fact that the appropriate receptors to allow a response to the 

endocrine signal of embryonic origin were already present (Guillette, 1993). 

However, Blackburn (1982) has argued that, in order for Guillette's (1985, 1993) 

hypothesis to be correct, it should be possible to find a viviparous specimen that does not 

have or need a placenta. However, Blackburn's research has shown that in every 

viviparous squamate that has been examined a placenta is present. Therefore, he believes 

that the development of the placenta and the thinning of the shell wall must have 

developed concurrently. He argues that without this concurrent development, there would 

be no means for gas exchange, or water movement, to occur, both of which are essential 

for fetal survival. In fact many of the structures or modifications observed might simply 

be refinements of existing structures that specialized after the evolution of viviparity. An 

example of this may be the amount of yolk found in the eggs of viviparous species; there 

is no requirement for a reduction in the yolk but the development of a complex placenta 

would allow this to occur until complete placentotrophy was achieved (Guillette, 1993). 

The other important development necessary for viviparity is prolonged retention of the 

egg until the fetus has developed completely. Oviparous as well as viviparous reptiles 

fertilize their eggs internally, and then the shell forms around the fertilized embryo prior 

to oviposition (Blackburn, 1993). As the evolution from amphibian to reptile occurred 

the ability to retain the embryo in the uterus developed, providing the initial delay 

between ovulation and oviposition (Blackburn, 1993). Viviparity requires that the fetus 

remain in the mother for the entire gestation, not only the short period post ovulation 

necessary for the shell to form. Although, the mechanisms by which this full term 

retention are not explicitly understood, recent studies looking at the role of the corpus 
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luteum and the control of uterine contractions have begun to provide some insight 

(Fergusson, 1990 &1992, Callard, 1992, and Blackburn, 1994). 

The corpus luteum is a transitory endocrine organ, found in all vertebrate ovaries after 

ovulation, that secretes primary hormones (Fergusson eta!., 1992). In oviparous lizards, 

there is a positive correlation between the length of activity of the corpus luteum and the 

duration of egg retention. In viviparous lizards, the corpus luteum releases the primary 

hormone progesterone, which is present in plasma at relatively high levels until midterm, 

at which point they start to decline and arginine vasotocin (AVT) and estraldiol levels 

increase (Fergusson eta!., 1992). Estradiol and A VT are believed to be directly involved 

in parturition, by causing the uterine muscles to contract during labor (Callard, 1992). 

Progesterone is belived to be involved in the inhibition of the contractility of the uterine 

muscles by inhibiting the secretion of estradiol and AVT, and thus inhibiting parturition. 

For a more in-depth biochemical discussion see Guillette (1989; 1993), Fergusson (1990; 

1992), Callard (1992), and Blackburn (1994). 

3.0 The study of viviparity 

The study of reproductive costs involves a complex analysis of the many factors that have 

an effect on the survival of both the young and of the mother, and relating these factors to 

the general success of the species. The methodologies designed for achieving these 

objectives fall into four categories. These are defined as a) a search for phenotypic 

correlations, b) environmental manipulations, c) a search for genetic correlations, and d) 

an investigation of potential selective factors (Reznick, 1985). 

The first of these (phenotypic correlations) seeks to correlate some index of reproductive 

effort with a potential cost, such as parental survival, parental growth, or future fecundity. 

Studies in this category deal with naturally occurring variation in reproductive effort. 

They use statistical correlation between life-history traits to determine costs, which are 

usually measured as the correlation between some measure of reproductive effort (RE) 
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and some potential cost to the parent(s) (Reznick, 1985). For example, positive evidence 

for a cost would be the commonly observed negative correlation between the clutch size 

and the growth of the gravid female (Madsen et al., 1993). 

Experimental manipulations involve the direct manipulation of some aspect of 

reproduction or some environmental variable that affects reproduction. Experimental 

manipulations are usually a controlled study in which a single variable is modified, in 

order to obtain a definitive picture of the effect each variable has on the cost of 

reproduction (Reznick, 1985). The manipulation of the amount of food available to the 

female, followed by measurement of the effect of on her reproductive out put, is a typical 

approach using this methodology (e.g. Schwarzkopf et al., 1992). 

Genetic correlations are quantitative genetic estimates of the correlation between an 

index of reproductive effort and some potential cost of reproduction (Reznick, 1985). 

This type of study depends on the same experimental design as the previous type 

(experimental manipulations); however, correlations are derived from the resemblance or 

difference between two closely related species. These correlations are interpreted as the 

measure of the degree to which a single gene affects the expression of two or more traits 

(Reznick, 1985). 

The final methodology (responses to selection) involves the use of artificial selection 

factors to seek correlations between some index of reproductive effort and the potential 

cost in response (Reznick, 1985). In this type of study, only specific phenotypic traits are 

allowed to be expressed by the selective breeding of individuals expressing that 

phenotype. This control of expression yields a population with only selected phenotypes, 

and thereby allows researchers to measure two or more life-history traits in control and 

experimental groups, then seek associations between these variables (Bailey, 1992). 

These four methods of evaluating the costs of reproduction attempt to gain a better 

understanding of the tradeoffs associated with reproduction. Baily (1992) suggested that, 

although these studies examine some of the correlations associated with reproduction, 
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what is needed is a "simple model" of reproductive costs; only then can a true assessment 

be obtained. He is supported by Qualls ( 1997) who suggests that the use of simple indices 

of reproductive output such as the relative clutch mass (RCM) or energy costs of the 

clutch is of limited value. Reznick (1985, 1992) believes that evaluation of any cost, such 

as growth or a decrease in fecundity, cannot be studied using a single life-history variable 

only. For example, "phenotypic correlation studies" make the assumption that the 

phenotype is a direct expression of the genotype; however, when the genotype and 

environment have opposing influences, the phenotype does not necessarily reflect the 

genetic phenotype but may only reflect the environmental influences (Reznick, 1985, 

Steams, 1989). Reznick (1985) and Steams (1989) argue that only genetic correlations, or 

response to selection, yield the desired information, because these are the only methods 

that look at the majority of factors affecting a species. They accept that the other 

methodologies have merit and suggest that they should not be abandoned, only regarded 

as being less precise. However, their view is not a universal one others believe that 

experimental manipulations and phenotypic correlations are essential if a clear picture of 

the costs of reproduction is ever to be achieved (Shine, 1980, Guillette, 1993, Blackburn, 

1994). 
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4.0 The Costs of Reproduction 

All adaptations have costs associated with them and like any other tradeoff situation we 

can expect a delicate balance between the advantages and the costs of viviparous 

reproduction. Many of the morphological and behavioral adaptations recognized in 

viviparous species have been directly attributed to the costs of reproduction 

(Schwarzkopf eta!., 1992). Two main classes of costs have been identified: survival costs, 

when the effort of the current reproduction yields a probable decrease in an individual's 

future survival; and fecundity cost, in which the current reproductive investment 

influences an individual's chance of future successful reproduction (Stearns, 1989, 

Reznick, 1992). These costs have both physiological and ecological components. 

Although it is an over simplification to separate ecology from physiology, it may be 

convenient to do so in order to gain an understanding ofthe costs of viviparity. 

4.1 Predation 

Predation is one of the most important forces driving morphology, life-history tactics, and 

behavior in the natural world (Schwarzkopf et a!., 1992). It has been suggested that 

viviparity may increase the mother's risk of predation (Shine, 1980), and this potential 

increased risk has caused some researchers to label viviparity as a "risky reproductive 

method" (Shine, 1980). 

Shine suggested that a gravid-female's sprint speed may be significantly lowered when 

pregnant, thus increasing the predation risk, and therefore resulting in a survival cost of 

reproduction. His data on six species of skinks showed that there was a 70 - 80% 

decrease in the sprint speed of females when pregnant (Shine, 1980). In four of these 

species the average speed declined markedly with higher relative clutch masses (RCM). 

He suggested that, because the post-partum females were able to run just as quickly as 

pre-ovulatory subjects, the decrease in sprint speed was probably due to the weight and 

mass of the clutch, and not due to any decrease in fitness (Shine, 1980). Martin (1996) 

looked at the effects of rapid changes in mass (due to ingestion of food) on sprint speed 
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and found very similar results. However, he suggested that sprint speed itself was 

affected only slightly, and the main cause of the observed decline was a reduction in the 

acceleration from a stationary start. He concluded, therefore, that it was not "top speed" 

which was affected, but the time to reach top speed. Martin ( 1996) also found a 

significant decrease in endurance, which is also likely to increase the risk of predation. 

When a lizard is "burdened" with extra weight it may remain in crypsis longer before 

fleeing (Schwarzkopf, 1992; Martin, 1996), so acceleration and the ability to reach 

suitable cover could be the keys to successful escape (Martin, 1996). 

Schwarzkopf (1992) and Bauwens eta!. (1981) also counter Shine's (1980) argument by 

suggesting that, although they have also observed a decrease in motility associated with 

pregnancy, gravid females do not show any significant increase in mortality due to 

predation. They suggest that impaired running speed may not translate into reduced 

survival, because rarely does the pursuit phase of predation determine the efficiency of 

the predation. Most of the efficiency of predation is gained or lost in the detection phase. 

Thus pregnancy may lead to increased predation through an increase in detection risk 

rather then through a reduction is sprint speed (Schwarzkopf, 1992). Consequently, 

gravid females may use behavioral modifications to decrease the risk of detection by a 

potential predator (Qualls, 1997). 

4.2 Thermoregulation and Viviparity 

Lizards have traditionally been referred to as poikilotherms, indicating that their body 

temperatures are entirely determined by the ambient temperature. However during 

activity a lizard's body temperature can exceed that of "warm blooded" vertebrates. A 

more helpful classification is to describe lizards as ectotherms, because they rely 

primarily on an external heat source to maintain a body temperature within a narrow 

range (Heatwole, 1976). A lizard's thermal relationship with its environment is, 

therefore, one of the most important aspects of its life. This relationship determines body 

temperature, and thus may affect many physiological processes, including reproduction, 
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metabolism, digestive efficiency, speed of muscular contraction, and the efficiency of 

neuromuscular coordination (Avery, 1979; Bennett, 1986). Behavioral thermoregulation 

is a necessary part of an ectotherm's acivities, and lizards may spend a significant amount 

of their active time basking. The need for efficient thermoregulation is likely to be even 

more important in pregnant lizards because maternal body temperature may affect the 

gestation time, the sex ratio, the viability, and the size of the young (Avery, 1982; 

Beuchat, 1988; Schwarzkopf, 1991). 

There is a very limited range of optimal incubation temperatures that will allow for 

proper development of the fetus. This range, however, may not coincide with the 

mother's optimal temperatures for various physiological functions (Beuchat, 1987). 

Consequently, a pregnant female may need to maintain a body temperature that is a 

compromise between her own thermal optima, and those necessary for her embryos' 

development (Beuchat, 1987; Schwarzkopf et al., 1992). This compromise is critical, 

because if the temperature is either too high or too low it can result in reduced viability or 

increase abnormalities of the young (Beuchat, 1987). For example, in Sceloporus jarrovi, 

gestation at the optimal body temperature of 32 (C, resulted in an average of 95% 

viability, with no obvious morphological or behavioral abnormalities in the offspring. 

However, an increase or decrease of as little as 4 (C led to over 50% mortality or 

congenital birth defects (Beuchat, 1987). 

It has been suggested that the temperatures experienced by the fetus can accelerate or 

retard its rate of development (Shine, 1980; Avery, 1982; Beuchat, 1987; Schwarzkopf et 

al., 1991 & 1992). However, rapid development is not necessarily better, because the 

duration of embryonic development cannot be changed without significantly affecting the 

fitness of the offspring. Schwarzkopf et al. (1991) showed that when given the 

opportunity gravid females, in the laboratory, chose to maintain their body temperature at 

field values, thereby keeping the same development rate, and optimizing clutch viability 

and health. 
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The increased mass of a female due to her clutch may decrease her heating rate, requiring 

her to devote a larger proportion of time to therrnoregulating, in order to maintain an 

optimal body temperature (Shine, 1980; Avery, 1982; Schwarzkopf et al., 1992). A 

disproportional amount of time devoted to thermoregulation could affect the fitness of the 

female by increasing the risk of predation, and by reducing possible future fecundity 

(Shine, 1980; Madsen, 1987). Shine (1980) suggested that, because gravid females spend 

an increased amount of time in the open therrnoregulating, they have increased exposure 

to diurnal predators, especially avian and other predators that rely on sight to locate prey. 

Although this is an intuitive assumption, other studies have not shown a correlation 

between increased basking time and predation, and have suggested that gravid lizards 

may have adopted behavioral means to reduce risk (Bauwens, 1981; Schwarzkopf et al, 

1992). Schwarzkopf et al. (1992) showed, in a series of predation trials using skinks 

(Eulamprus tympanum), that pregnant females were never taken more frequently then 

non-gravid females or males. 

In some species of viviparous reptiles it is necessary to change maternal body 

temperature to best suit the developmental needs of the fetuses. It has been shown that 

this can either be a decrease or an increase in average temperature. For example, several 

species of reptiles, including Lacerta vivipara, Sceloporus cyanogenys and Eulamprus 

tympanum, decreased body temperature during pregnancy, presumably to optimize 

development of the fetuses (Garrick, 1974; Patterson et al., 1978, -from table 2 by Shine, 

1980; Shwarzkopf et al., 1991). In contrast, an increase in body temperature is seen in 

several other viviparous species, such as Crotalus viridis, Thamnophis ordinoides, and 

Hoplodactylus maculatus (Hirth et al., 1969; Gibson eta!., 1979; Werner et al., 1978, -

from table2 by Shine, 1980). 

The modification of average maternal body temperature during pregnancy may cause the 

gravid females to sacrifice future fecundity for current reproductive effort (Schwarzkopf, 

1991; Beuchat, 1988; Avery, 1982). For example, she may be unable to apportion 

sufficient energy to growth, and it has been suggested that lifetime fecundity in lizards is 

directly dependent on body size (Schwarzkopf, 1991; Beuchat, 1988; Avery, 1982). 
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Nevertheless any costs associated with prolonged gestation might be minimized if 

gestation time were reduced. However, the potential costs associated with the increased 

basking necessary to accelerate gestation, such as an increased risk of predation, make it 

difficult to predict the better solution (Shine, 1980; Schwarzkopf eta!., 1991). As well as 

the possibility of decreased viability of the young, arising from accelerated gestation, 

further complicates the issue (Shine, 1980; Schwarzkopf eta!., 1991). 

4.3 Resource Allocation 

Resource allocation involves selectively approportioning necessary resources to one 

biological process while compromising the amounts that another receives. There are two 

ways in which an individual can reallocate resources: physiologically, in which a 

morphological structure or method of substrate utilization is modified in order to increase 

survival; and behaviorally, where an individual modifies its behavior to best suit the 

changes in resource requirements and availability (Beuchat eta!., 1989). 

4.3.1 Metabolism during Pregnancy. 

Metabolism is the sum total of all biochemical processes that occur within an organism 

that deal with its energy and substrate requirements. Metabolism is important to 

understanding many aspects of physiological ecology, including microhabitat selection, 

patterns oflife-histories, and population dynamics (Beaupre, 1992; Beuchat eta!., 1989). 

The metabolic rate of a reptile is sensitive to many factors, including the mass of the 

animal, body temperature, diel cycles, sex, feeding state, and reproductive state (Beaupre, 

1992; Beaupre eta!., 1992). Maintenance of a standard metabolic rate (SMR; the lowest 

metabolic rate of an ectotherm, when at rest, post thermoregulatory, and undisturbed at a 

given temperature) is critical to the survival of the individual (Wood et a!., 1978; 

Niewiarowski eta!., 1992). Variations in metabolic requirements will greatly affect the 
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resources available for growth, reproduction, energy storage (lipids), and activity 

(Beaupre et al., 1992). 

In mammals there is an increasing demand on the mother's metabolic rate as the fetus 

grows and parturition approaches. This increased demand may be due to the costs 

associated with the placenta, and uterus, gas exchange, and the passing of nutrients to the 

fetus (Beaupre, 1992; Beaupre et al., 1992; Beuchat et al., 1989). Viviparous lizards are 

predominately lecithotrophic and in most cases females have only to supply the embryos 

with water and gas exchange. Costs associated with nutrient transfer are consequently 

minimal or non-existent (DeMarco et al., 1992). It has been reported that, in some 

viviparous lizards and snakes, the total oxygen consumption may be greater than the sum 

of the maternal somatic metabolism plus that of the clutch (DeMarco et al., 1992). 

Beuchat et al. (1989) showed that oxygen consumption of the gravid female increases as 

the embryos develops. For example, in the viviparous lizard Sceloporus jarrovi, the 

oxygen consumption of a pregnant female is greater then that of males, of the same 

weight, when corrected for temperature and the oxygen consumption of the clutch 

(Birchard et al., 1983). 

Past estimates of oxygen consumption have assumed that the metabolic rate of gravid 

lizards can be matched to the standard allometric relationship between metabolism and 

body mass (Wood, 1978; Beuchat, 1989). However, others have suggested that the 

increase in oxygen consumption may not fit this allometric relationship, and may result 

from a combination of the fetal mass, maternal physiological changes, and maternal body 

mass (Bickler, 1985; Birchard et al., 1983). Several studies have further suggested that 

the increase in facilitated gas exchange and nitrogen waste handling resulting from 

embryonic metabolism has an effect of the resting heart rate of the gravid female, thereby 

increasing metabolic demand (Bickler, 1985; Birchard et al., 1983; Niewiarowski et al., 

1992). In pregnant female garter snakes, Thamnophis sirtalis, an increase in mean heart 

rate of 40% to 130% was shown by Birchard et al. (1984). A linear relationship has been 

found between the number of neonates and the rate of maternal oxygen consumption, 
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lending weight to the argument that fetal mass also contributes significantly to the 

observed increase (Birchard et al., 1983; Niewiarowski et al., 1992). 

4.3.2 Growth during Pregnancy 

It is crucial for a gravid female to adjust her energy budget to encompass the increased 

energy demands of the fetuses, because any debt could lead to death, weakness, and loss 

of the fetuses (Madsen et al., 1993). However, it may simply be that the gravid females 

may not have enough energy to devote to growth, which could result in a reduction in 

future fecundity (Beaupre, 1992). 

Ectothemic reptiles in temperate climates have a finite activity period in which to 

accomplish all necessary life functions, including foraging, hunting, thermoregulation, 

and mating. It is has been suggested that gravid females must spend an increased amount 

of time thermoregulating in order to maintain a thermal optimum (Shine, 1980). 

However, if a female spends too much of its active period thermoregulating she will not 

have sufficient time for other necessities such as foraging. This has been shown to occur 

in some skinks and a complete cessation of feeding during pregnancy has been shown in 

some snakes (Schwarzkopf, 1996; Shine, 1988). Examples of viviparous lizards that 

decrease food intake during pregnancy include Egernia striolata and Leilopisma 

otagoense, and examples among snakes includes Notechis scutatus and Pseudoechis 

porphyriacus (Schwarzkopf, 1996; Shine, 1980). A reduction or cessation in food intake 

would require the female to draw upon stored energy reserves (fat stores) during 

pregnancy and may, consequently, have an important implications for the future 

fecundity (Schwarzkopf, 1996). This may be due to the increased demand of the 

metabolic costs. 
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5.0 Behavioral Modifications 

Part of a successful life-history is the ability to make tradeoffs necessary to ensure 

minimization of costs. These tradeoffs are not dependent on any single mechanism but 

consist of multiple behavioral concessions (Brodie, 1988). 

Although it seems intuitive that slower sprint speeds and increased time basking would 

increase the risk of predation, detailed studies have not always supported these ideas 

(Madsen, 1987). There seems to be evidence that behavioral modifications have been 

developed to reduce the risk of predation. Schwarzkopf and Shine (1992) described the 

escape tactics and pregnancy in skinks. Their study suggested that successful predation 

may be divided into, detection, pursuit, subjugation, and consumption, and an 

unsuccessful predation attempt may be due to inefficiency in any one of these four 

phases. There is probably little variation, on the successful predation of lizards, in the 

efficiency of the subjugation and consumption phases because many lizards have no 

special mechanisms to facilitate escape once caught, with the exception of autotomy 

(Schwarzkopf et al., 1992). Instead the utilize the tactics of flight, crypsis, or "known 

escape routes", all of which are concerned with avoidance of detection or to facilitate 

escape (Schwarzkopf et al., 1992). 

Shine's (1980) hypothesis, suggesting that a decrease in sprint speed and endurance can 

lead to increased predation, assumes that the majority of predatory efficiency occurs in 

the pursuit phase. However, most lizards would not be able to outrun an attack from an 

avian predator using speed or endurance alone, so necessity for substantial sustained 

speed or endurance is questionable (Schwarzkopf, 1992). 

Nethertheless, it is generally accepted that there are significant changes in the gravid 

female's behavior that may help to dramatically reduce the risk of predation (Shine 1980 

1989; Resnick, 1985; Schwarzkopf, 1992). These modifications include a decrease in 

home range size, use of shorter known escape routes, increased crypsis, and increased 

wariness (Schwarzkopf, 1992). Schwarzkopfs (1992) work with Eulamprus tympanum 
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suggested that flight may be the last resort for many gravid females. Her study showed 

that gravid females generally allowed a predator to come much closer then did non

gravid females and males. The gravid female would typically freeze ( crypsis) after 

noticing the potential predator and would remain this way until the predator moved into a 

predetermined approach distance, at which point she would suddenly sprint away, using a 

known escape route (Schwarzkopf, 1992; Bauwens, 1981). The distance ran to reach 

cover was not significantly shorter than the distance for non gravid females, but the flight 

distance was directly correlated with minimum approach distance (Schwarzkopf, 1992). 

Further adaptations shown by some species of viviparous lizards may be to delay 

reproduction until later in their life cycle. For example, the alpine skink, Niveoscincus 

mircolepidotus, does not breed until about age three allowing the female sufficient time 

to grow and prepare for the costs of pregnancy. This adaptation increases the chances of a 

successful current reproduction while minimizing the risk to the female's fitness (Olsson 

et al., unpub). However, females only breed biennially or triennially, thereby allowing 

the female to recover from any negative costs to its fitness as a result of pregnancy 

(Swain, 1972; Hutchinson et al., 1989; Olsson, et al., in). Although this species may only 

live about 6 years, it risks lifetime fecundity to maximize the chance of current 

reproductive success. (Hudson, 1997) 

Finally, a few species have an unusual reproductive pattern in which the female will 

delay parturition until after the end of the hibernation period (over winter) even though 

their embryos are completely developed prior to hibernation. It is believed that this has 

evolved to increase the chance that the offspring will survive, by giving the juveniles the 

majority of the spring, summer, autumn months to grow and prepare for winter (Cree et 

al., 1995; Olsson eta!., in press). 

6.0 Conclusions 

When a beneficial adaptation in one trait is associated with a detrimental change in 

another itrepresents a tradeoff in life-history. Such tradeoffs represent the currency paid 
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for minimizing costs (Steam, 1989). Reproduction has been associated with the most 

prominent costs. These costs in viviparous reproduction in reptiles can take many forms 

including death, decreased growth, increased predation, and decreased future fecundity. 

Lizards have evolved viviparity m order to balance the costs and advantages of 

reproduction. These costs have elicited much interest in the physiological ecology field 

many details about the nature and prevalence of the costs have yet to be resolved, and 

there is still much debate about what costs affect the life history of reptiles. Although the 

controversy endures, the continued study will remain a necessary part of gaining insight 

into the evolution of successful life-history strategies for many years. 
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