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ABSTRACT  

  Though it is a widespread adaptation in humans and many other 

animals, parental care comes in a variety of forms and its subtle 

physiological costs, benefits, and tradeoffs related to offspring are often 

unknown. Thus, I studied the hydric, respiratory, thermal, and fitness 

dynamics of maternal egg-brooding behavior in Children’s pythons 

(Antaresia childreni). I demonstrated that tight coiling detrimentally 

creates a hypoxic developmental environment that is alleviated by periodic 

postural adjustments. Alternatively, maternal postural adjustments 

detrimentally elevate rates of egg water loss relative to tight coiling. 

Despite ventilating postural adjustments, the developmental environment 

becomes increasingly hypoxic near the end of incubation, which reduces 

embryonic metabolism. I further demonstrated that brooding-induced 

hypoxia detrimentally affects offspring size, performance, locomotion, and 

behavior. Thus, parental care in A. childreni comes at a cost to offspring 

due to intra-offspring tradeoffs (i.e., those that reflect competing offspring 

needs, such as water balance and respiration). Next, I showed that, despite 

being unable to intrinsically produce body heat, A. childreni adjust egg-

brooding behavior in response to shifts in nest temperature, which 

enhances egg temperature (e.g., reduced tight coiling during nest warming 

facilitated beneficial heat transfer to eggs). Last, I demonstrated that A. 

childreni adaptively adjust their egg-brooding behaviors due to an 

interaction between nest temperature and humidity. Specifically, females’ 

behavioral response to nest warming was eliminated during low nest 
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humidity. In combination with other studies, these results show that 

female pythons sense environmental temperature and humidity and utilize 

this information at multiple time points (i.e., during gravidity [egg 

bearing], at oviposition [egg laying], and during egg brooding) to enhance 

the developmental environment of their offspring. This research 

demonstrates that maternal behaviors that are simple and subtle, yet 

easily quantifiable, can balance several critical developmental variables 

(i.e., thermoregulation, water balance, and respiration). 
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Chapter 1 

INTRODUCTION 

Parental care can be defined as any non-genetic contribution of an 

adult that increases the fitness of its offspring. Parental care represents an 

adaptation of paramount importance because it is a convergent trait used 

by a broad range of taxa (Clutton-Brock 1991). Despite its benefits to 

offspring, parental care often reduces aspects of parental fitness (e.g., 

future reproductive efforts and longevity), which allows natural selection 

to mediate this parent-offspring tradeoff (Clutton-Brock 1991). Also, 

parental care is often inextricably involved in other evolutionary processes 

(Clutton-Brock 1991). For example, the degree of parental investment 

often dictates the degree and direction of sexual selection (e.g., large, 

brightly colored male birds and female fish compete for mates with high 

parental investment) (Trivers 1972; Clutton-Brock 1991). Further, parental 

control of the developmental environment may play a role in the evolution 

of endothermy (Farmer 2000).  

While birds typically use bi-parental care, female-only parental care 

is the predominant mode of care in other internally fertilizing vertebrates 

(e.g., reptiles and mammals, Clutton-Brock 1991), including species within 

major taxa in which external fertilization predominates (i.e., fish and 

amphibians, Gross and Shine 1981), as well as terrestrial arthropods (Zeh 

and Smith 1985). Nest attendance is a widespread, ancestral type of post-

paritive (i.e., after oviposition or parturition) parental care. Among other 

benefits, nest-attending parents can increase their fitness by reducing 
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embryonic predation (frogs: Townsend 1986), improving egg water 

balance (skinks: Somma 1989), thermoregulating embryos (bumblebees: 

Heinrich 1979), promoting embryonic respiration (fish: Lissaker and 

Kvarnemo 2006), reducing pathogen infiltration of eggs (crickets: West 

and Alexander 1963), and provisioning offspring with food (birds: Clutton-

Brock 1991).  

Within the broad context of female-only nest attendance, pythons 

have proven to be a useful and relevant taxon for studying the costs, 

benefits, and tradeoffs of parental care. After describing general aspects of 

python biology, I will discuss the thermal dynamics of python egg 

brooding, including embryonic thermoregulation through physiological 

and behavioral means. I will conclude with an overview of tradeoffs 

associated with python egg-brooding behavior and particularly focus on 

intra-offspring tradeoffs (i.e., those that reflect competing offspring needs, 

such as water balance and respiration). 

 

Family Pythonidae 

Pythons (Order Squamata) are members of a relatively basal family 

of snakes comprised of 33 species (Rawlings et al. 2008), which naturally 

ranges from western and southern Africa, through the tropical rainforests 

of Southeast Asia and New Guinea and into the cooler regions of southern 

Australia. They typically differ from boas (Family Boidae) in reproductive 

mode: viviparous (live bearing) boas and oviparous (egg laying) pythons. 

Pythons can be terrestrial, arboreal, fossorial, or semi-aquatic, and they 
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range in adult size from 0.6 m to 10 m in total length (i.e., the pygmy 

python [Antaresia perthensis] and reticulated python [Python 

reticulatus], respectively) (Minton and Minton 1973; Wilson and Swan 

2008).   

 

Thermal dynamics of python egg brooding 

 As early as the 19th century, scientists observed female pythons 

enhancing embryonic thermoregulation through internal means during 

egg brooding (Lamarre-Picquot 1835). The selection for physiological and 

behavioral traits that enhance egg temperature regulation is likely related 

to the thermal sensitivity of python embryos. Specifically, python embryos 

require a relatively high, stable incubation temperature (i.e., 30-33C) for 

normal development, and deviations from this narrow range result in a 

combination of reduced hatching success, developmental rate, growth 

rate, body size, escape behavior, and willingness to feed (P. bivittatus, 

Vinegar 1973; P. natalensis, Branch and Patterson 1975; M. s. spilota, 

Harlow and Grigg 1984; water pythons [Liasis fuscus], Shine et al. 1997; A. 

childreni, DeNardo unpublished).   

 Facultative thermogenesis by egg-brooding, and otherwise 

ectothermic, pythons can raise clutch temperature as much as 7C above 

ambient temperature (Vinegar et al. 1970). This phenomenon is frequently 

mentioned in introductory science textbooks and parental care reviews 

(e.g., Shine 1988; Farmer 2000; Somma 2003). However, facultative 

thermogenesis has thus far been convincingly documented (i.e., increased 



4 

 

metabolic rate or the maintenance of clutch temperature with decreasing 

nest temperature) in only three species (Burmese python [Python 

bivittatus], Indian python [Python molurus], Hutchison et al. 1966; 

Vinegar et al. 1970; diamond python [Morelia spilota spilota], Harlow and 

Grigg 1984; Slip and Shine 1988). Facultative thermogenesis has been 

either disputed or convincingly disproven in at least 10 other python 

species (reviewed in Stahlschmidt and DeNardo 2011). Despite the 

thermal benefits to offspring, variation in thermogenic capacity within 

Pythonidae may be driven by an interaction between biogeography and 

morphology (reviewed in Stahlschmidt and DeNardo 2011). 

  Although most species of pythons are not capable of significant heat 

production, they may use other behaviors to enhance the thermal 

environment around their eggs. For example, free-ranging black-headed 

pythons (Aspidites melanocephalus) and southern African pythons 

(Python natalensis) use heat radiated from the sun or conducted from 

substrate to warm their clutches (Johnson et al. 1975; Alexander 2007). 

Johnson and colleagues (1975) also noted that egg-brooding behavior is 

dynamic in that females adjust their posture (i.e., increase tight coiling 

behavior) to prevent egg cooling. In a more controlled environment, I have 

documented that Children’s pythons (Antaresia childreni) spend more 

time tightly coiled around their eggs during nest cooling than during nest 

warming (Stahlschmidt and DeNardo 2009b [Appendix IV], 2010 

[Appendix V]). Further, the amount of time that females spent tightly 

coiled during warming significantly affected the temperature gradient 
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between the nest and clutch environment (Stahlschmidt and DeNardo 

2009b [Appendix IV]). Thus, although most female pythons are not 

facultatively thermogenic, they are likely capable of assessing the 

temperature gradient between the nest and clutch environment and 

making behavioral adjustments to enhance the thermal microenvironment 

of their developing offspring.  

 

Tradeoffs of python egg brooding 

  Like other parental care systems, python egg brooding represent a 

parent-offspring tradeoff, where the costs to egg-brooding females are 

offset by the benefits to the developing offspring. Female pythons heavily 

invest body resources into reproduction because they typically (1) do not 

eat during reproduction, (2) allocate one-third (or more) of their body 

mass into their eggs, and (3) exhibit a prolonged brooding period (up to 50 

of the ca. 100 total days of reproductive effort; Stahlschmidt and DeNardo 

2011). Further, facultative thermogenesis represents a substantial portion 

of female energy expenditure during egg brooding at cool temperatures (P. 

bivittatus: 92%, M. s. spilota: 95%) (Vinegar et al. 1970; Harlow and Grigg 

1984). Although the results of one study suggest that maternal costs of egg 

brooding in the ball python (Python regius) are minimal (Aubret et al. 

2005a), other studies demonstrate that egg brooding independent of 

thermogenesis obligates substantial maternal costs. Egg brooding 

necessitates lost foraging time and is generally accompanied by anorexia 

(L. fuscus: Madsen and Shine 1999; P. regius: Aubret et al. 2005a). 
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Accordingly, in female A. childreni under laboratory conditions, brooding 

obligates significant epaxial muscle atrophy and reduces contraction 

strength (Lourdais and DeNardo unpublished; Stahlschmidt et al. 

unpublished), as well as increases susceptibility to oxidative stress 

(Stahlschmidt et al. unpublished). Under natural conditions, the duration 

of egg brooding is negatively related to reproductive frequency and post-

reproductive maternal body condition in free-ranging L. fuscus (Madsen 

and Shine 1999).  

  While likely to confer some cost to the parent, egg brooding conveys 

benefits to offspring beyond those associated with thermoregulation. For 

example, egg brooding duration is negatively related to egg predation in 

free-ranging L. fuscus (Madsen and Shine 1999). Further, python eggshells 

have extremely high water vapor conductance, and eggs can desiccate in 

conditions as moist as 75% relative humidity when not maternally brooded 

(Lourdais et al. 2007; Stahlschmidt et al. 2008 [Appendix I]). Although 

some free-ranging female pythons cease brooding a week after oviposition 

(L. fuscus: Madsen and Shine 1999), experimental removal of females 

from their eggs results in reduced hatching success and altered hatchling 

phenotypes in P. regius (Aubret et al. 2005b) and 0% hatching success in 

A. childreni under some conditions (Lourdais et al. 2007). Using a less 

extreme manipulation, Aubret et al. (2003) showed that experimentally 

increasing clutch size by 50%, which was still within the natural range of 

variation, prohibited female P. regius from fully encompassing their 
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clutch, leading to desiccation of the eggs. As a result, embryos in these 

―enlarged‖ clutches were more likely to die before hatching or hatch later.  

  Although less studied, intra-offspring tradeoffs (i.e., those that 

reflect competing offspring needs) are important in parental care systems, 

wherein parental behaviors meet multiple developmental needs (Lissaker 

and Kvarnemo 2006; Stahlschmidt and DeNardo 2009a [Appendix III]). 

For example, L. fuscus females that nest in thermally superior sites 

abandon their clutches shortly after oviposition (X̄ = 6.5 d), while females 

that nest in thermally poorer sites brood their clutches for the entire 

incubation period (X̄ = 53.8 d) (Madsen and Shine 1999; but unpublished 

data from Stahlschmidt et al. demonstrates the contrary). Although L. 

fuscus nest-site selection mitigates a parent-offspring tradeoff (i.e., 

thermal benefits to offspring vs. lost foraging time for females), an intra-

offspring tradeoff between embryonic temperature and predation also 

exists. Specifically, thermally favorable nests are more prone to predation 

than are thermally poor nests (Madsen and Shine 1999). The resolution of 

intra-offspring tradeoffs is important in other parental care systems, as 

well. For example, the behavior of nest-attending male sand gobies 

(Pomatoschistus minutus) mediates the broadly applicable tradeoff 

between egg predation risk and the respiratory environment, two key 

developmental variables (Lissaker and Kvarnemo 2006). 

  Intra-offspring tradeoffs associated with python egg brooding have 

also been detected at a finer scale of brooding behavior, and these 

relationships have been the focus of my dissertation. Python egg-brooding 



8 

 

behavior is dynamic and entails shifts in coiling posture (reviewed in 

Stahlschmidt and DeNardo 2011). Broadly, dynamics of egg-brooding 

behavior can be divided between (1) a tight coiling state, wherein the 

female is still and encompassing the clutch completely or nearly so, and 

(2) a postural adjustment state, wherein the female makes small 

movements that increases exposure of the eggs to the nest environment. 

These distinct brooding behaviors mediate several intra-offspring 

tradeoffs. During brooding, females predominately adopt the tightly coiled 

posture, and this positioning serves as an effective barrier to the exchange 

of gas and heat between the clutch environment (i.e., the space within the 

females coils) and the nest environment (i.e., the space immediately 

outside of the female’s coils) (Stahlschmidt and DeNardo 2008 [Appendix 

II], 2009b [Appendix IV]; Stahlschmidt et al. 2008 [Appendix I]).   

  Although it is an effective barrier to gas exchange that dramatically 

reduces water loss from the eggs, tight coiling also limits the transfer of 

oxygen and carbon dioxide (Stahlschmidt and DeNardo 2008 [Appendix 

II], Stahlschmidt et al. 2008 [Appendix I]). Female A. childreni mediate 

this intra-offspring tradeoff between embryonic water balance and 

respiration by periodically performing postural adjustments to facilitate 

nest-clutch gas (O2 and H2O vapor) exchange to benefit respiration at the 

cost of embryonic water balance (Stahlschmidt and DeNardo 2008 

[Appendix II], 2009a [Appendix III]; Stahlschmidt et al. 2008 [Appendix 

I]). However, while embryonic oxygen consumption increases dramatically 

over the course of development, female A. childreni do not alter the 
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relative frequency or duration of their postural adjustments, and this 

results in late-incubation developmental hypoxia that reduces offspring 

size, speed, and strength (Stahlschmidt and DeNardo 2008 [Appendix II], 

2009a [Appendix III]; Stahlschmidt et al. 2008 [Appendix I]). Because 

these experiments measured of intra-clutch oxygen partial pressure in a 

convective, near normoxic nest environment, python embryos in fossorial 

nests may experience increased hypoxia. In other taxa, chronic hypoxia 

during development also detrimentally affects fitness-related traits, 

including decreased embryonic growth rate (crocodilians: Warburton et al. 

1995; fish: Roussel, 2007), reduced hatchling mass (crocodilians: Crossley 

and Altimiras, 2005), delayed development of thermogenesis (birds: 

Azzam et al., 2007), and reduced predator avoidance ability of juveniles 

(fish: Roussel, 2007). 

  While oxygen depletion does not impact the relative frequency with 

which female A. childreni utilize tight coiling and postural adjustments, 

females do respond to other environmental conditions. As described 

above, females enhance the thermal environment of the eggs by 

performing more postural adjustments when ambient temperature is 

increasing than when it is cooling (Stahlschmidt and DeNardo 2009b 

[Appendix IV], 2010 [Appendix V]). Natural python nests exhibit similar 

thermal shifts due to diel temperature cycles (Madsen and Shine 1999; 

Stahlschmidt et al. unpublished). However, this response to 

environmental temperature is dependent on the nest’s hydric condition. 

During moderate and high nest humidity treatments (23 and 32 g∙m-3 
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H2O, respectively) that are ecologically relevant (Stahlschmidt et al. 

unpublished), females show the previously described reduction in tight 

coiling during nest warming. However, in low humidity nest environments 

(13 g∙m-3 H2O) that are ecologically relevant (Stahlschmidt et al. 

unpublished), brooding females maintain a high frequency of tight coiling 

even when the nest is warming. Hence, females ―choose‖ embryonic 

thermoregulation over embryonic water balance in relatively humid nest 

conditions, but vice versa during relatively dry nest conditions 

(Stahlschmidt and DeNardo 2010 [Appendix V]).  

  In sum, python egg brooding significantly impacts several critical 

developmental variables including embryonic predation (Madsen and 

Shine 1999), water balance (Aubret et al. 2005b; Lourdais et al. 2007; 

Stahlschmidt et al. 2008 [Appendix I]), respiration (Stahlschmidt and 

DeNardo 2008 [Appendix II]), and thermoregulation (Vinegar et al. 1970; 

Stahlschmidt and DeNardo 2009b [Appendix IV]). Further, python egg-

brooding behavior is dynamic, with females assessing environmental 

conditions to adjust brooding behavior on both large scales (i.e., choosing 

to abandon or continue brooding the clutch) and fine scales (i.e., altering 

the frequency and duration of postural shifts during brooding). 

Additionally, gravid pythons also alter thermoregulatory behavior and 

adaptively select nest sites to enhance the thermal and hydric environment 

of their developing embryos (Shine and Madsen 1996; Lourdais et al. 

2008; Stahlschmidt et al. 2011). Therefore, female pythons sense 

environmental temperature and humidity and utilize this information at 
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multiple time points (i.e., during gravidity, at oviposition, and during egg 

brooding) to enhance the developmental environment of their offspring. 

Thus, Family Pythonidae is an ideal taxon for studying parental care 

because pythons exhibit (1) a widespread mode of parental care (i.e., 

female-only care), (2) parent-offspring and intra-offspring tradeoffs, (3) 

control over several critical developmental variables, and (4) easily 

quantifiable behaviors (e.g., tight coiling or duration of nest attendance). 
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Chapter 2 

CONCLUSION 

Adaptive behavioral adjustments by parents are used by a broad 

range of taxa, but can vary from simple shifts in body posture to complex 

relocation of offspring to a more favorable site (Clutton-Brock 1991; 

Stahlschmidt and DeNardo 2011). My graduate research on parental care 

in pythons has contributed to our understanding of how parents use 

simple body movements to balance the complex and dynamic 

physiological needs of their offspring (Appendices I-V). Thus, my graduate 

work lays the conceptual and empirical foundation to address future 

questions regarding the role of intra-offspring tradeoffs (i.e., those that 

reflect competing offspring needs), the underlying mechanisms of parental 

care, the plasticity of parental care behaviors, and the adaptive 

significance of parental care. 

 

What are the ecological dynamics of python parental care?  

Aside from one long-term study in water pythons (Liasis fuscus, 

Madsen and Shine 1999), little is known in squamates about the effects of 

maternal decisions on both care-giving females and offspring in an 

ecological context. Thus, future field-based investigation of parental care 

in other pythons is particularly compelling. Pythons exhibit considerable 

variation in body size (0.6 m to 10 m in adult body length), geographical 

range (0 – 37.5° latitude), habitat use (semi-aquatic to arid-dwelling), and 

thermogenic capacity (ectothermy to facultative endothermy) (Minton and 
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Minton 1973; Rawlinson 1969; Stahlschmidt and DeNardo 2011; Wilson 

and Swan 2008). Therefore, the costs and benefits of parental care in 

pythons may depend on intrinsic (e.g., constraints in fecundity due to 

body size) and extrinsic factors (e.g., temperature profiles of available nest 

sites), which vary among species.  

Recently with results still pending, I investigated the role of several 

factors (e.g., clutch size, parasite load, body condition and size, and nest 

temperature and humidity) in the large-scale maternal decision-making of 

L. fuscus in a field-based collaboration with Drs. Richard Shine and Dale 

DeNardo. Yet, to better understand the ecological dynamics of parental 

care within the Pythonidae, future research should similarly investigate 

other python species. In particular, field-based parental care research on 

python species that are facultatively endothermic, invasive, or both is 

particularly warranted. For example, the Burmese python (Python 

molurus) is facultatively endothermic and has successfully invaded into 

Everglades National Park, Florida, U.S.A. (Meshaka et al. 2004). Research 

investigating the ecology of parental care in P. molurus may provide 

insight into broad evolutionary concepts (e.g., the evolution of 

endothermy) and the success of invasive species. 

 

What are the intrinsic mechanisms underlying python egg 

brooding? 

Although my research and that of others has demonstrated that 

pythons exhibit two simple yet sensitive and effective parental behaviors, 
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the endogenous control mechanisms underlying maternal expression of 

these traits are unknown. First, facultative endothermy has been 

demonstrated by a few python species, and muscular contractions (i.e., 

―shivering‖) likely contribute to the generation of heat by egg-brooding 

females of these species. However, poor correlations between contraction 

frequency and both oxygen consumption and the clutch-nest temperature 

gradient suggest that thermogenic pythons may also incorporate non-

shivering heat generating processes such as the use of uncoupling proteins 

(Van Mierop and Barnard 1976, 1978). Future research should investigate 

other mechanisms that may contribute to facultative endothermy in 

pythons (e.g., up-regulation of uncoupling proteins or thyroid hormones 

during egg brooding) in addition to the role of skeletal muscle contraction. 

Understanding these proximate mechanisms may elucidate how some, but 

not all, python species are facultatively thermogenic, which may provide 

insight into the role of parental care in the evolution of endothermy (see 

Farmer 2000).  

Second, care-giving female Children’s pythons (Antaresia 

childreni) exhibit adaptive thermo- and hygrosensation, but the 

mechanisms underlying these parental care traits are unknown. Recent 

research in Drosophila and mammals has implicated the role of transient 

receptor potential channels in these sensory dynamics (Romanovsky 

2007; Montell 2008). Thus, future research on thermo- and 

hygrosensation in python parental care could build upon the conceptual 

framework established by research on traditional model systems. 
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How widespread and significant is post-paritive parental care in 

snakes? 

When combined with previous research, my graduate research 

demonstrated that parental care within Pythonidae exhibits significant 

variation with regard to physiology (ectothermy to facultative 

endothermy) and behavior on large- and fine-scales (e.g., egg-brooding 

duration and amount of time spent tightly coiled) (reviewed in 

Stahlschmidt and DeNardo 2011). Expanding detailed examinations of the 

variation in parental care among snakes, in general, will only increase the 

value of snakes as contributors to understanding the evolution of parental 

care. Snakes provide a diversity of parental behaviors: from shifts in 

thermoregulatory behavior during embryo retention to egg and neonate 

attendance. Yet, even in its most complex form, I have shown that snake 

parental care can be quite amenable to studying tradeoffs. Post-paritive 

(i.e., after oviposition or parturition) parental care by snakes serves to 

balance multiple tradeoffs, and the factors involved (e.g., temperature, 

water balance, respiration) are easily quantifiable. Thus, researchers 

should continue to examine other snake lineages to clarify the 

independent or interactive effects of phylogeny, morphology, physiology, 

and environment on parental care in snakes.  

One such lineage is the pit vipers (Crotalinae), where parental 

attendance is nearly ubiquitous but divided between oviparous species 

that invest long periods of time in attending their eggs and viviparous 
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species that limit attendance predominantly to the relatively short period 

prior to post-birth ecdysis (skin shedding). These two parental attendance 

behaviors likely present considerably different costs to the parents and 

benefits to the offspring, such as enhanced thermoregulation. Regardless, 

it is of interest to examine whether these behaviors are similarly regulated 

by intrinsic or extrinsic factors (e.g., hormones or environmental 

temperature, respectively). 

The Colubridae are a diverse family of snakes, and parental 

attendance either occurs throughout egg incubation, is limited to the 

immediate post-paritive period, or is non-existent. What factors drive the 

selection for these different strategies, and are the regulators of parental 

care in those species that provide it similar to the regulators in the lineages 

where parental attendance is the norm? I specifically investigated parental 

care tradeoffs in species whose parental behaviors have been most 

frequently observed but mostly unstudied (Somma 2003), including both 

colubrids (e.g., Taiwan beauty snake [Orthriophis taeniurus friesi], mud 

snake [Farancia abacura], skaapstekers [Psammophylax spp.], keelbacks 

[Xenochrophis spp.]) and elapids (e.g., shield-nosed cobras [Aspidelaps 

spp.], kraits [Bungarus spp.], cobras [Naja spp.], and king cobra 

[Ophiophagus hannah]). 

 

What is the role of intra-offspring tradeoffs in parental care? 

Although less studied than parent-offspring tradeoffs, intra-

offspring tradeoffs (i.e., those that reflect competing offspring needs) are 
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important to parental care dynamics in some systems. In pythons, 

maternal decision-making mediates tradeoffs between embryonic 

predation risk and thermoregulation (Madsen and Shine 1999), and 

tradeoffs among embryonic thermoregulation, water balance, and 

respiration (reviewed in Stahlschmidt and DeNardo 2011). Further, some 

male fish mediate a tradeoff between embryonic predation risk and 

respiration during nest attendance (e.g., sand gobies [Pomatoschistus 

minutus], Lissaker and Kvarnemo 2006). Thus, the resolution of intra-

offspring tradeoffs may be an important, general component of parental 

care evolution. Future research should investigate the role of intra-

offspring tradeoffs across taxa, particularly in taxa that have been 

traditionally examined. For example, nestling attendance by birds can 

enhance offspring thermoregulation. Yet, nest-attending parents cannot 

forage, which comes at a cost to offspring energy balance. Therefore, birds 

use a suite of parental care behaviors (i.e., nest attendance and foraging) 

to meet the varied needs of their offspring. Researchers investigating avian 

parental care could explicitly examine intra-offspring tradeoffs using 

experimental approaches similar to those described in my dissertation, a 

meta-analysis approach, or both. 

 

How should parental care research be conducted in the future? 

Animal behaviorists have a long history of investigating the 

ultimate and proximate mechanisms of parental care (reviewed in Clutton-

Brock 1991). To best understand the dynamics of parental care, I propose 
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research should operate on two tenets. First, researchers should explore 

parental care across animal taxa. Although parental care has traditionally 

been viewed as a primarily vertebrate trait (Clutton-Brock 1991), recent 

research is beginning to demonstrate that parental care may be 

remarkably widespread. For example, Drosophila is a member of an 

incredibly speciose family (Diptera, true flies: ca. 150,000 species; 

Wiegmann and Yeates 2005) relative to vertebrates (ca. 58,000 species; 

Baillie et al. 2004), and they exhibit adaptive oviposition-site selection 

(Montell 2008; Dillon et al. 2009). Further, investigation of parental care 

in the burying beetle (Nicrophorus vespilloides, Order Coleoptera: ca. 

400,000 species; Hammond 1992) may provide further insight into the 

evolution of parent-offspring signaling (Smiseth et al. 2003, 2010), a co-

adaptation traditionally examined in higher vertebrates. Among lesser-

studied vertebrates, recent research on amphibians demonstrated the role 

of ecological factors in the evolution of bi-parental care and monogamy 

(Brown et al. 2010). Future research should continue to explore the costs 

and benefits associated with the dynamics of parental care across taxa to 

provide a more complete conceptual framework of the evolution of 

parental care. 

The second tenet guiding parental care research is that researchers 

should devote relatively more attention to taxa that are ideal models to 

examine broad aspects of the evolution of parental care (e.g., universal 

costs and benefits). I argue that pythons meet both of the criteria of ideal 

parental care models: (1) tractability (easy to locate, obtain, and 
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manipulate), and (2) generality (exhibit a mode or type of parental care of 

broad significance). My research has demonstrated that egg-brooding 

pythons use simple behaviors to balance the complex and dynamic 

physiological needs of their offspring in easily controlled environments 

that are ecologically relevant (Appendices I-V; Stahlschmidt et al. 

unpublished). Further, pythons exhibit female-only parental care, which is 

the predominant mode of care by other internally fertilizing vertebrates 

(e.g., mammals and reptiles). It is also most prevalent among species 

within major taxa in which external fertilization predominates (e.g., fish 

and amphibians), as well as terrestrial arthropods (Gross and Shine 1981; 

Zeh and Smith 1985; Clutton-Brock 1991). Thus, research on pythons and 

other taxa fulfilling these criteria should be particularly encouraged in the 

future because it may provide considerable insight into parental care in 

general. 
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APPENDIX I 

POSTURAL SHIFTS DURING EGG-BROODING AND THEIR IMPACT 

ON EGG WATER BALANCE IN CHILDREN’S PYTHONS (ANTARESIA 

CHILDRENI) 
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APPENDIX II 

ALTERNATING EGG-BROODING BEHAVIORS CREATE AND 

MODULATE A HYPOXIC DEVELOPMENTAL MICRO-ENVIRONMENT 

IN CHILDREN’S PYTHONS (ANTARESIA CHILDRENI) 
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APPENDIX III 

OBLIGATE COSTS OF PARENTAL CARE TO OFSPRING: EGG 

BROODING-INDUCED HYPOXIA CREATES SMALLER, SLOWER, AND 

WEAKER PYTHON OFFSPRING 
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APPENDIX IV 

EFFECT OF NEST TEMPERATURE ON EGG-BROODING DYNAMICS IN 

CHILDREN’S PYTHONS 
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APPENDIX V 

PARENTAL BEHAVIOR IN PYTHONS IS RESPONSIVE TO BOTH THE 

HYDRIC AND THERMAL DYNAMICS OF THE NEST 
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