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are especially high among the canids, which pro
duce mostly sizable litters of pups. In African hunt
ing dogs (Lycaon pictus) males remain in their na
tal group and assist in their mother’s subsequent 
breeding attempts. The birth sex ratio is signifi
cantly male-biased (Malcolm and Marten 1982).
In some pipefish and all sea horses, females lay 
their eggs directly into the male’s pouch (Vincent 
1990).
Female tsetse flies (Glossina palpalis) produce a 
single larva at a time, which is maintained in the 
mother’s uterus until the end of its second instar 
and fed with a milky secretion that it absorbs 
through its mouth (Buxton 1955).
Female hooded seals (Cystophora cristata) wean 
their young in four days (Bowen, Oftedal, and Bo- 
ness 1985).
Female triggerfish (Odoms niger) care for eggs in 
separate nests within the territory of a single male 
(Fricke 1980). Though females are responsible for 
all care, they compete for the attention of the terri
torial male during periods of highly synchronized 
breeding activity.
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In a small minority of birds, including the African 
jacana, Actophilomis africana, females commonly 
breed with several males simultaneously and males 
incubate eggs and care for young. Breeding sys
tems of this kind are associated with small clutch 
sizes.
In blue-footed boobies (Sula nebouxii), parents 
feed larger chicks more frequently than smaller 
ones, which often die when food is in short supply 
(Drummond, Gonzalez, and Osomo 1986).
In polyandrous trios of dunnocks (Prunella modu- 
laris), both males contribute to rearing the young. 
The extent to which they do so is related to the 
frequency with which they copulate with the fe
male (Burke, Davies, et al. 1989).
Young chimpanzees whose attempts to suck have 
been persistently frustrated will throw weaning tan
trums during which they kick, scream, and even at
tack their mothers (Goodall 1986). Tantrums ap
pear to make mothers nervous and tense, and they 
often give in to their offspring’s demands.
Juvenile male red deer (Cervus elaphus) suck more 
frequently than juvenile females, and rearing sons 
depresses the survival and subsequent breeding 
success of subordinate mothers more than rearing 
daughters (Clutton-Brock, Albon, and Guinness 
1981; Gomendio, Clutton-Brock, et al. 1990).
In the parasitoid wasp, Nasonia vitripennis, fe
males adjust the sex ratio of their offspring in rela
tion to breeding competition among their sons 
(Werren 1980).
Naked mole rats (Heterocephalus glaber) breed co
operatively (J.U.M. Jarvis 1981). Young are cared 
for by several adults, some of which may never 
breed themselves.
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The Evolution of Parental Care





Parental Care and 
Competition for 
Mates

1.1 Parental Care and Sexual Selection

Few areas of evolutionary biology have progressed as rapidly over the past two 
decades as our understanding of animal breeding systems. In this area, an 
understanding of the evolution of parental care is of central importance since 
many of the most striking differences in the reproductive behavior of males 
and females are associated with variation in their involvement in parental care 
in its broadest sense, including any form of parental expenditure on producing 
large eggs or bearing young (Bateman 1948; Williams 1966; Trivers 1972). In 
particular, parental care plays an important part in determining the intensity of 
competition for mates within both sexes (Trivers 1972), which, in turn, affects 
selection pressures operating on many different aspects of behavior, physiol
ogy, and anatomy (Clutton-Brock, in press).

Surprisingly, the importance of parental care in determining the pattern of 
mating competition was not explicitly recognized by Darwin. As Bateman 
noted in 1948, Darwin “took it as a matter of general observation that males 
were more eager to pair with any female, whereas the female, though passive, 
exerted choice. He was at a loss, however, to explain this sex difference, 
though it is obviously of great importance for an understanding of intersexual 
selection.”

Bateman showed that variance in reproductive success in Drosophila was 
greater among males than females because male success increased proportion
ately with number of matings while female success did not. He then went on 
to discuss the reasons underlying this difference, linking them directly to the 
evolution of anisogamy:

In most animals the fertility of the female is limited by egg production
which causes a severe strain on their nutrition___In the male, however,
fertility is seldom likely to be limited by sperm production but rather by 
the number of inseminations or the number of females available to 
him.. . .

The primary cause of intra-masculine selection would thus seem to be 
that females produce much fewer gametes than males. Consequently, 
there is competition between male gametes for female gametes.

1
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Bateman’s argument attributed the greater intensity of reproductive com
petition among males to the smaller size of male gametes and (by implication) 
to the faster rate of gamete production by males. Where neither sex cares for 
eggs or young, as in Drosophila, differences in gamete size may be responsible 
for sex differences in reproductive rate and in competition for the opposite sex 
(see Baylis 1981), but involvement of either or both sexes in parental care can 
easily reverse these differences (see Section 7.2).

The relevance of parental care to mating competition and sexual selection 
was first appreciated by Williams (1966b):

It is a common observation that males show a greater readiness for repro
duction than females. This is understandable as a consequence of the 
greater physiological sacrifice made by females for the production of each 
surviving offspring. A male mammal’s essential role may end with copu
lation, which involves a negligible expenditure of energy and materials 
on his part, and only a momentary lapse of attention from matters of 
direct concern to his safety and well-being. The situation is markedly 
different for the female, for which copulation may mean a commitment to 
a prolonged burden, in both the mechanical and physiological sense, and 
its many attendant stresses and dangers. Consequently the male, having 
little to lose in his primary reproductive role, shows an aggressive and 
immediate willingness to mate with as many females as may be available.
(p. 163).

Six years later, in an influential paper that laid the foundations of current 
thinking about the evolutionary consequences of parental care, Trivers (1972) 
advanced the argument in three main ways. Following Darwin and Fisher, he 
emphasized the need to consider all ways in which parents contributed to the 
fitness of their offspring, combining these in a new term, “parental invest
ment,” defined as “any investment by the parent in an individual offspring that 
increases the offspring’s chance of surviving (and hence reproductive success) 
at the cost of the parent’s ability to invest in other offspring.”

Second, he stressed that the currency of all forms of parental investment is 
its cost to the parent’s ability to invest in other offspring:

I measure the size of a parental investment by reference to its negative 
effect on the parent’s ability to invest in other offspring: a large parental 
investment is one that strongly decreases the parent’s ability to produce 
other offspring. There is no necessary correlation between the size of 
parental investment in an offspring and its benefit for the young---- De
crease in reproductive success resulting from the negative effect of paren
tal investment on nonparental forms of reproductive effort (such as sex
ual competition for mates) is excluded from the measurement of parental 
investment.
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And third, he argued that relative parental investment by males and fe
males controls the degree of intrasexual competition and the intensity of sex
ual selection:

What governs the operation of sexual selection is the relative parental 
investment o f the sexes in their offspring. Competition for mates usually 
characterizes males because males usually invest almost nothing in their
offspring___Where male parental investment strongly exceeds that of
the female (regardless of which sex invests more in the sex cells) one 
would expect females to compete among themselves for males and for 
males to be selective about whom they accept as a mate.

1.2 Parental Care and Competition for Mates

Where females care for the young and males play little or no part in parental 
investment, as in most mammals, Trivers’s argument provides a satisfactory 
explanation of competition between males for females. However, it is less 
satisfactory where males are heavily involved in parental care for, here, it is 
often impossible to determine which sex invests most in its progeny. Take, for 
example, the three-spined stickleback Gasterosteus aculeatus, where females 
lay in nests built by males who subsequently guard and fan the eggs (Wootton
1984). Do females invest more heavily than males because the energetic costs 
of egg production are high, or do males invest more than females as a conse
quence of their expenditure on guarding and fanning and their reduced food 
intake or increased liability to predators? In practice, questions of this kind are 
usually impossible to answer, and it is seldom possible to use estimates of 
parental investment by males and females to predict the pattern of competition 
for mates. As a result, there is a danger that we lapse into the circularity of 
assuming that females invest more heavily than males because males compete 
more intensely for mates.

Is it possible to reconstitute Trivers’s proposals to generate more testable 
predictions concerning the direction of mating competition? In fish, Baylis 
(1981) attributes both the increased intensity of reproductive competition be
tween mates and the evolution of paternal care to the faster rate of gamete 
production by males, which allows them to breed more rapidly than females. 
However, though sex differences in gamete size and breeding rate may have 
influenced the original evolution of parental care, once parental care has 
evolved, sex differences in care can exert an important influence on sexual 
selection and on the pattern of competition for mates. For example, in some 
species where males are heavily involved in parental care, females compete for 
males more intensely than vice versa, yet males still have a higher rate of 
gamete production (see Chapters 7 and 8).
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Once parental care has evolved, it is not the rate of gamete production by the 
two sexes that will determine the pattern of mating competition but their po
tential reproductive rates, measured in terms of the number of independent 
offspring that parents can produce per unit time, calculated over periods when 
both sexes are reproductively active. Where members of one sex can breed 
more quickly, some individuals will be disproportionately succeessful, with 
the result that others will experience an Operational Sex Ratio (Emlen and 
Oring 1977) biased toward the faster sex and will be forced to compete in
tensely for mates. In many ectotherms where males are responsible for parental 
care they can still achieve faster reproductive rates than females. In three- 
spined sticklebacks, for example, females can lay a clutch of eggs at least once 
a week while males guard clutches for around 15-20 days before hatching. 
However, males can guard up to six clutches at a time, giving them a maxi
mum rate of one clutch every 2.5 days—a rate twice as high as females (Woot- 
ton 1984). Where males are able to “process” clutches of eggs more rapidly 
than females can produce them, males are likely to be the primary competitors 
despite their involvement in parental care (see Chapter 7).

Where males are responsible for parental care, females are most likely to be 
the main competitors where the rate at which males can process clutches or 
eggs is relatively low. In fish, this is most likely to be the case where males 
brood eggs internally. For example, in some pipefish (Syngnathidae) females 
produce eggs more rapidly than males can brood them, and females are larger 
and more colorful than males and more active during courtship (Berglund, 
Rosenqvist, and Svensson 1986,1989). Similarly, in some cardinal fish where 
males brood the eggs in their mouths and females spawn several times in each 
season, females are primarily responsible for defense of spawning sites and 
may guard brooding males (Gamaud 1950,1962; Usaki 1977). In birds where 
males are the primary care-givers, female competition and full role reversal are 
confined to the smaller shorebirds (Jenni 1974; Erckmann 1983). Here, too, the 
rate at which males can process eggs is low because of the allometry of egg 
size (see Chapter 4).

The relative rate at which males and females can produce independent off
spring is not the only factor that will affect the Operational Sex Ratio and 
the pattern of competition for mates. Especially where males and females have 
similar rates of reproduction, variation in the costs of competition to the two 
sexes or in the net benefits of retaining potential mating partners may gener
ate exceptions to the general rule. So, too, may fluctuations in the adult sex 
ratio caused either by sex differences in lifespan or by local concentrations of 
one sex. For example, in some fish where successful males hold territories 
used simultaneously by several females, the latter may compete for the male’s 
attention during the breeding peak (Fricke 1980; Thresher 1984). Finally, it is 
important to emphasize that even where one sex is the predominant competi
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tor, direct competition for access to mates may be well developed in the other 
sex, too.

1.3 The Evolution of Parental Care

Despite the importance of parental care in determining patterns of reproductive 
competition, the evolution of parental care has not attracted the same degree of 
attention as other aspects of animal breeding systems. In particular, little at
tempt has been made to link work on different animal groups into a unified 
theoretical framework or to integrate the results of detailed studies of variation 
in parental care within species to our knowledge of interspecific trends.

This book explores five principal questions about the evolution of parental 
care in its broadest sense:

What are the principal benefits and costs o f parental care?
All functional explanations of the extent and distribution of parental care 

assume that the benefits and costs of parental care are substantial, but attempts 
to measure them have produced varied results. Chapter 2 describes different 
forms of parental care and briefly reviews evidence that they increase the fit
ness of offspring, while Chapter 3 examines attempts to measure the costs of 
reproduction.

Why does the extent o f parental care vary so widely between species?
Chapter 4 examines the adaptive significance of variation in the size of eggs 

and neonates; Chapter 5 reviews the distribution of viviparity and other forms 
of “bearing”; and Chapter 6 examines the reasons for variation in the duration 
of incubation, gestation, and lactation periods.

Why do only females care for eggs and young in some animals, only males in 
others, and both parents in a few?

The extent to which males and females care for their young varies widely 
within as well as among most major animal groups. Since the relative costs of 
parental care to males and females commonly differ between ectotherms and 
endotherms, it is convenient to treat these two groups separately. Chapter 7 
examines the distribution of parental care and the extent to which males and 
females are involved among invertebrates, fish, amphibia, and reptiles, while 
Chapter 8 reviews the distribution of care in birds and mammals.

To what extent is parental care adjusted to variation in its benefits to offspring 
and its costs to parents?

Parents might be expected to adjust their expenditure in relation to its costs 
to their own fitness and its benefits to that of their offspring. Chapters 9 and 10 
review the empirical evidence that they do so. In sexually reproducing ani
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mals, the evolutionary interests of parents and offspring are likely to differ, 
and offspring may attempt to extract a higher level of expenditure from their 
parents than the latter are selected to give. Chapter 11 reviews predictions 
about the extent and distribution of parent-offspring conflict and examines the 
evidence that offspring are able to influence the extent of parental expenditure.

How do parents divide their expenditure between their sons and daughters?
In many sexually dimorphic animals, young males and females require dif

ferent amounts of resources. Chapter 12 reviews the empirical evidence that 
parents invest to different extents in sons and daughters. Another way in which 
parents might manipulate their expenditure on offspring is by varying the sex 
ratio in relation to the availability of resources. Chapter 13 briefly reviews 
evidence of sex ratio variation in invertebrates, birds, and mammals.

1.4 Definitions of Parental Care and Parental Investment
The current terminology used in studies of the evolution of parental care is 
often diffuse and misleading. Since it is important to distinguish clearly be
tween the various currencies in which the costs and benefits of parental care are 
measured, I use three different terms.

Parental care. Any form of parental behavior that appears likely to increase 
the fitness of a parent’s offspring. This is a descriptive term and carries no 
implications about costs in terms of energy or fitness. In its broadest sense, 
parental care includes the preparation of nests and burrows, the production of 
large, heavily yolked eggs, the care of eggs or young inside or outside the 
parent’s body, the provisioning of young before and after birth, and the care of 
offspring after nutritional independence (see Chapter 2). In its narrowest sense, 
it refers only to the care of eggs or young when they are detached from the 
parent’s body.

It is useful to recognize two contrasting categories of care, though many 
forms may lie between these extremes: depreciable care, such as the provision 
of food, where the benefits of parental expenditure decline as brood size in
creases; and nondepreciable care, such as parental vigilance, where individual 
benefits do not decline with increasing brood size (see Altmann, Wagner, and 
Lennington 1977; Lazarus and Inglis 1978, 1986: Wittenberger 1979a). (I 
have adopted Altmann’s terms since an unfortunate terminology has devel
oped. While Wittenberger [1979a] refers to care of the first kind as “shareable” 
and to care of the second kind as “nonshareable,” Lazarus and Inglis [1978, 
1986] refer to the first as “unshared” and the second as “shared”!)

Parental expenditure and relative parental expenditure. The expenditure of 
parental resources (including time and energy) on parental care of one or more
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offspring. “Parental effort” is sometimes used in this context, but the disadvan
tage here is that other authors use it to refer to the fitness costs of care (see 
below).

In some cases, parental expenditure is calculated as a proportion of the 
mother’s resources expended on one or more of its offspring (e.g., Hirschfield 
and Tinkle 1975). I refer to measures of this kind as relative parental expendi
ture. It is often assumed that relative parental expenditure reflects the fitness 
costs of care, and measures of this kind are sometimes treated as if they were 
measures of parental investment (see below). However, this need not be the 
case for the proportion of resources that a parent can afford to expend, for a 
given fitness cost is likely to vary with its age and size as well as with many 
other biological and environmental factors (see Chapters 9 and 10).

Parental investment. The extent to which parental care of individual off
spring reduces the parent’s residual reproductive value (RRV). The definition 
of parental investment is the source of considerable discussion. Today, it is 
generally used in a less restrictive way than Trivers’s original definition (see 
section 1.1) to refer to any characteristics or actions of parents that increase the 
fitness of their offspring at a cost to any component of the parent’s fitness (see 
Alexander and Borgia 1979; Gwynne 1984a; Knapton 1984; Thornhill and 
Gwynne 1986), including any costs of parental care to the parent’s subsequent 
mating success as well as to its survival or fecundity. Costs to the parent’s 
growth also need to be considered, for these may affect the parent’s subsequent 
mating success or fecundity, as well as its future survival (Gross and Sargent
1985). In addition, it is logical to include costs to the fitness of other offspring 
or any reduction in the parent’s ability to increase the fitness of other relatives 
by behaving nepotistically. Parental investment is usually (though not always) 
used to refer to the fitness costs of parental care of individual offspring, while 
the total costs of caring for all progeny are designated parental effort (PE), 
which, with mating effort (ME), is a part of the organism’s reproductive effort 
(RE) (Low 1978; Alexander and Borgia 1979).

Not surprisingly, often there are problems in deciding what should and what 
should not be included in parental investment. In particular, male expenditure 
on territorial defense or nuptial gifts can be hard to classify since they may 
both increase mating success (and thus be regarded as a form of mating effort, 
ME) and improve the survival or quality of offspring (Zeh and Smith 1985). 
Though the distinction may be difficult to draw in practice, the most logical 
course may be to include as parental investment any costs beyond those neces
sary to ensure mating success. However, as Gwynne (1984a) points out, where 
females acquire a substantial amount of energy or other resources from the 
nuptial gifts of males, access to males may limit their reproductive output, and 
females may consequently compete for mating access while males become the 
choosy sex (see Gwynne 1983, 1984a,b). Thus the consequences of heavy
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expenditure on nuptial gifts may be similar whether or not we regard it as a 
form of parental investment.

Finally, it is important to remember that variation in parental investment 
need not be closely related to variation in the amount of resources received by 
offspring (Trivers 1972; Evans 1990). For example, reduction in food avail
ability may be associated both with increased costs of rearing young to the 
parent and with reductions in parental expenditure. Depending on their scar
city, environmental changes may either increase or reduce the effects of pa
rental expenditure on offspring fitness. Consequently, though it is sometimes 
convenient to assume that variation in the cost of care to the parents reflects 
differences in the benefits of care to their offspring, this may not always be the 
case.







2 Forms of 
Parental Care

2.1 Introduction

This chapter describes different forms of parental care and briefly examines the 
evidence that they contribute to the fitness of progeny. In its broadest sense, 
parental care includes the preparation of nests and burrows (Section 2.2), the 
production of large, heavily yolked eggs (Section 2.3), the care of eggs or 
young outside or inside the parent’s body (Sections 2.4, 2.5), the provisioning 
of young before and after birth (Sections 2.6, 2.7), and the care of offspring 
after nutritional independence (Section 2.8).

As yet, much of the evidence of the benefits of parental care relies on corre
lations between parental expenditure and offspring fitness. It is important to 
appreciate that the causal relationships underlying these associations are often 
uncertain. In at least some cases, correlations between parental quality and 
parental expenditure may generate correlations between the latter and off
spring fitness where causal relationships either do not exist or are weak. For 
example, correlations between egg size, growth, and offspring fitness (Section 
2.3) could either be caused by direct effects of egg or juvenile size on offspring 
fitness, or by phenotypic or genetic correlations between some independent 
variable, such as the mother’s body size, and different components of repro
ductive performance. In the last case, egg size need not have any causal effect 
on juvenile growth or viability. Similarly, it is usually assumed that correla
tions between the social rank of female primates and their reproductive success 
show that high rank increases the fitness of her offspring (see Sections 2.8 and
2.9). However, an alternative interpretation is again that some other variable, 
such as a female’s body size, affects both her rank and her breeding success 
and that the effects of rank on breeding success are either minimal or nonexis
tent. Objections of this kind apply to much of the evidence for the benefits of 
parental care and emphasize the need for experiments.

2.2 Preparation of Nests, Burrows, or Territories

The preparation of holes, burrows, or nests by either or both parents is com
mon in invertebrates and vertebrates. For example, in bush crickets (Anuro- 
gryllus muticus), males call from burrows they have constructed (West and
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Alexander 1963). When a receptive female arrives, the male mates with her 
then vacates the burrow, which she uses to lay eggs in. Similarly, in many 
invertebrates as well as in vertebrates, males defend patches of resources 
where females feed before mating (see Thornhill and Alcock 1983; Rubenstein
1986). In both cases, it is often unclear whether the costs of this behavior 
should be regarded as a form of parental effort (PE) or mating effort (ME), for 
females typically refuse to mate with males that do not possess burrows or 
territories (see Section 1.4).

2.3 Production of Gametes

In many animals, gamete production by females represents the principal form 
of parental expenditure. Gamete size is commonly related to the survival, 
growth, and eventual breeding success of offspring, though this is not always 
the case (Karlsson and Wiklund 1984). For example, in Daphnia magna, fe
males reared at high food availability produce larger eggs with more fat re
serves, and young from these eggs are more resistant to starvation than young 
hatched from the smaller eggs of females reared on low levels of food avail
ability (Tessier, Henry, et al. 1983; Goulden and Henry 1984). In aphids, large- 
born young are more likely to survive periods of food stress or encounters with 
predators than small-born young (Dixon 1985). Similarly in birds, chick sur
vival commonly increases with egg size (Figure 2.1; Parsons 1970; Schifferli

EGG VOLUME (cm 3)

Figure 2.1 The relationship between egg volume and post-hatching mortality for each 
egg of the laying sequence in herring gulls (from Parsons 1970).

1973; Lundberg and Vaisanen 1979; Ankney 1980; Boersma, Wheelwright, et. 
al 1982; Galbraith 1988). In several fish, egg size is also related to early growth 
(Hempel 1965; Bagenal 1969): in Coho salmon (Oncorhynchus kisutch), for 
example, there is a close correlation between the size of eggs, early growth,
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and adult size (Figure 2.2a,b). Adult size is, in turn, associated with increased 
fecundity (Figure 2.2c), larger egg size (Figure 2.2d), higher nest survival 
(Figure 2.2e), and increased reproductive output.

Similar correlations between growth at different stages, juvenile viability, 
and adult breeding success have been found in a wide variety of plants and 
animals. Minor differences in egg size may have a disproportionate effect on 
fitness, especially where juveniles compete directly for resources (e.g., Harvey 
and Corbet 1985; Prout and McChesney 1985; Sinervo 1990). However, large 
egg size can have disadvantages, including longer incubation times and higher 
instantaneous rates of mortality before hatching (Balon 1984; Sargent, Taylor, 
and Gross 1987; see also Karlsson and Wiklund 1985).

Males may contribute to the production of gametes by females in at least 
four different ways. First, they may defend resources used by females before 
or during egg production (Lack 1966; Thornhill and Alcock 1983). Second, 
they may present females with “gifts” of food, feces, or glandular products that 
are used in the formation of eggs (Nisbet 1973; Thornhill 1981, 1986; Austad 
and Thornhill 1986; Steele 1986). Third, males may pass nutrients directly into 
the female’s genital tract in spermatophores or other ejaculatory products (sto- 
matopods: Deecaraman and Subramoniam 1983; Lepidoptera: Rutowski, New
ton, and Schaefer 1983). And fourth, males may permit themselves to be eaten 
by the female (Buskirk, Frohlich, and Ross 1984), though it is not yet clear 
whether this represents an adaptive strategy on the part of males or one of the 
costs of mating that they try to avoid (Gould 1984; Liske and Davis 1987).

A substantial amount of nutrients may be passed by males to females in 
these ways (Boggs and Gilbert 1979; Rutowski 1982). In some Lepidoptera, 
single spermatophores represent 10% of the male’s body weight (Rutowski
1982), while in one katydid, Requena verticalis, males produce spermato
phores, consisting of an ampulla containing sperm and a nutritional, sperm- 
free mass called the spermatophylax, which represent up to 10% of their 
weight (Gwynne 1983,1988; Gwynne, Bowen, and Codd 1984). After mating, 
the female eats the spermatophylax while insemination occurs, subsequently 
transferring nutrients for use in egg production. Consumption of the spermato
phylax increases the size of the eggs that the female subsequently lays, and 
offspring bom from large eggs have a better chance of surviving the winter and 
mature earlier than those bom from small eggs (Gwynne 1988). In contrast, 
courtship feeding in red-backed shrikes (Lanius colluro) increases clutch size 
but not egg size (Carlson 1989).

2.4 Care of Eggs

The care of fertilized eggs by one or both parents is found in many different 
groups of animals. Care of eggs is necessary in virtually all endotherms, while 
in ectotherms it may also be necessary to control environmental factors includ-
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Figure 2.2 Correla
tions between egg size 
and subsequent growth 
and breeding success 
in Coho salmon (from 
Holtby and Healey 
1986, van den Berghe 
1984, and van den 
Berghe and Gross 
1989):
(a) between egg size 
and fry size;
(b) between freshwater 
and ocean growth;
(c) between female size 
and fecundity. EGG WEIGHT (g)

FRESHWATER GROWTH (SCALE RADIUS mm)

FEMALE SIZE (cm)
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Figure 2.2 
(continued).
(d) between 
female size and 
egg size;
(e) between 
female size and 
nest survival; 
and
(f) between 
female size and 
the total number 
of offspring 
surviving to 
maturity.
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ing humidity, oxygen levels, and salinity or to reduce the risks of predation, 
parasitism or egg dumping by members of the same or other species (see 
Wilson 1971; Salthe and Mecham 1974; Eberhard 1975; Forester 1979; Per- 
rone and Zaret 1979; Smith 1980; Hinton 1981; Simon 1983). For example, if 
guarding fathers are removed immediately after laying in the Puerto Rican 
frog, Eleutherodactylus coqui, the frequency of predation increases and few or 
no eggs survive to hatching (see Figure 2.3). In the dusky salamander, Des-

DEVELOPMENTAL STAGE

Figure 2.3 Percentage of eggs of Eleutherodactylus coqui that survived to hatch follow
ing removal of the male at different stages of egg development corresponding to 1-2 
days each (from Townsend 1986).

mognathus ochrophaeus, the removal of parents increases the susceptibility of 
the eggs to fungal infection as well as to predators (Forester 1979). Similar 
effects have been demonstrated in other amphibia (e.g., Tilley 1972; Simon
1983) as well as in insects (Eberhard 1975; Nafus and Schreiner 1988; Scott 
1990), decapods (Diesel 1989) and fish (Dominey 1981).

Four types of egg care are common: (1) Care of eggs laid directly on the 
substrate or attached to it or in nests or burrows, as in many invertebrates 
(Hinton 1981), fish (Perrone and Zaret 1979), amphibia (Salthe and Mecham 
1974) and birds (Lack 1968). (2) Care of eggs attached externally to or carried 
by either or both parents, as in sea spiders, some Hemiptera, some fish and 
some amphibia (Hinton 1981; Hoar, 1969; R. L. Smith 1976; McDiarmid 
1978; Wells 1981). (3) The retention of fertilized eggs within the female’s 
reproductive tract, often associated with ovoviviparity (where young develop 
and hatch internally but are not provisioned from sources other than the egg) 
or viviparity (where young develop internally and are provisioned by the par
ent; see Chapter 5). In many species, eggs are retained within the mother’s 
body cavity for part or all of their development, usually in the ovary or the 
oviduct or in specialized brood pouches (Hinton 1981). For example, in the 
cockroach Nauphoeta, eggs (ootheca) are extruded, rotated through 90 de



grees, then retracted into a specialized brood sac, where development proceeds 
until the larvae are ready to hatch, when they are extruded (Hinton 1981). In 
ovoviviparous animals, young are retained within the mother’s body cavity 
after hatching, but are not nourished from sources other than yolk (for insects, 
see Hinton 1981; fish: Hoar 1969; reptiles: Yaron 1985; amphibia: Salthe and 
Mecham 1974). However, all degrees of parental nourishment exist, and the 
distinction between ovoviviparity and viviparity is often difficult to draw. (4) 
Care of eggs in the parent’s body cavity but not in the reproductive tract. One 
category includes care of eggs in the mouth (as in some cichlid fish and in 
some amphibia) or in specialized brood pouches or chambers (as in some sea 
horses and pipefish of the family Syngnathidae) or in the stomach (as in fe
males of the Australian myobatrachid frog, Rheobatrachus silus (Corben In
gram, and Tyler 1974).

2.5 Care of Young without Provisioning from 
Sources outside the Egg

Care of young without provisioning occurs in a variety of invertebrates, fish, 
reptiles, and amphibia as well as in some birds. In some invertebrates, either or 
both parents care for aggregations of young, while in others, larvae shelter 
beneath one parent (see Figure 2.4) or cling to some part of the parent’s body 
(Hinton 1981).
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Figure 2.4 A female of the cacao stinkbug (Antiteuchus limbativentris) of Trinidad is 
shown guarding her first instar nymphs 4 days after they hatched (from Wilson 1971; see 
Eberhard 1975). In this species, females guard eggs and nymphs. When guarding moth
ers were removed, no eggs survived to produce nymphs. (Drawing by Sarah Landry.)

Care of young (either externally or internally) commonly plays an important 
role in protecting juveniles against predators or parasites (see Shine 1985). For 
example, in some Hemiptera, parents (usually females) drive off intruders and
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can play an active role in shepherding their broods together during local migra
tions between feeding sites (Wilson 1971; see Figure 2.4). The importance of 
parental care in guarding eggs or juveniles against predators has been demon
strated experimentally in a number of species, including bluegill sunfish 
(Dominey 1981). In other cases, the principal function of parental care can be 
to regulate the environment of the nest or burrows. For example, in the staph- 
ylinid beetle Bledius, which lives in intertidal mud, the mother keeps the bur
row ventilated by renewed burrowing activity, and if she is removed, the brood 
perishes for lack of oxygen (Bro Larsen 1952). Similarly, in mole crickets that 
nest on moist vegetable matter, the mother’s presence can be necessary to 
prevent the invasion of the nest by fungi (West and Alexander 1963).

2.6 Provisioning Young before Hatching or Birth

In some insects, either or both parents may provision brood chambers where 
eggs are laid so that food is available for the emerging young. Well-docu- 
mented examples include studies of parasitoid wasps and scarab beetles 
(Wilson 1971). In several scarabs, both sexes cooperate in provisioning: for 
example, in the genus Lethrus, pairs form in spring and both partners cooper
ate in excavating the nest (see Figure 2.5). The male, who has two long tusks, 
clears a “courtyard” around the entrance, which he subsequently defends. 
Males and females play different roles in provisioning the burrow, the male 
gathering fresh leaves and buds and taking them to the female, who presses 
them into elliptical balls fitted to the interior of brood cells where the eggs are 
laid (Schreiner 1906; Wilson 1971). In other insects, parents prepare special
ized food sources for the larvae before egg laying, including adult feces and 
partially digested food (Hinton 1981).

In viviparous animals, young are nourished from parental sources before 
birth. This may involve a wide variety of mechanisms, but five main types of 
maternal provisioning exist:
Where young are provisioned from the mother’s own soma, as in viviparous 
mites where young feed on their mother, finally bursting out and dispersing 
(W. D. Hamilton 1967).
Where young are provisioned by ingesting eggs (oophagy) or other embryos 
(adelphagy). For example, in the porbeagle shark, Lamna comubica, the 
young absorb their egg yolks early in development and subsequently depend 
on swallowing immature eggs and degenerating ovarian tissues that pass down 
the oviduct packaged in a secretion of the shell gland (Shann 1923). In the 
viviparous salamander, Salamandra atra, only 1-2 eggs per oviduct are fertil
ized normally and the remaining 20-30 degenerate into a sort of yolk that is 
eaten by the developing larvae after their own yolk is used up (Salthe and 
Mecham 1974).
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Figure 2.5 A pair of Lethrus apterus are shown provisioning their nest. The male is 
pulling a freshly cut leaf backward through the entrance gallery, while the female packs 
another leaf into the brood cell currently being provisioned: (m) leaf masses; (e) eggs; 
(I) larva; and (p) pupae, which are enclosed in acorn-shaped cocoons. After a cell has been 
provisioned, the pair pack soil into the main tunnel to that level, as indicated by the limits 
of the dashed lines (drawing by Sarah Landry, based on von Lengerken 1939, from Wilson 
1971).
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Where the young are provisioned from specialized secretions produced by the 
ovary, the oviduct or related sources, as in a wide variety of viviparous ani
mals including insects, fish, reptiles, and amphibia (Hoar 1969; Imms 1970; 
Salthe and Mecham 1974; Wourms, 1981; Yaron 1985). For example, in the 
tsetse fly, Glossina palpalis, a single larva is maintained in the mother’s uterus 
until the end of its second instar and fed with a milky secretion that is absorbed 
through the mouth (Buxton 1955). In aphids, the larger embryos developing in 
the parent’s body cavity already have embryos developing within them so that 
three generations can develop simultaneously (Dixon 1985). The origin and 
nature of nutritional secretions vary widely, as does the method of transfer to 
the offspring.
Where the young feed from secretions produced within specialized brood 
chambers) where the growing young are maintained. For example, in some 
pipefish and sea horses as well as in some frogs, young are nourished from 
blood vessels surrounding specialized brood chambers (Salthe and Mecham 
1974; Kronester-Frei 1975; Haresign and Shumway 1981).
Where young are nourished from the mother’s blood supply via placentas or 
pseudoplacentas, as in some fish, amphibia, and in all therian mammals (Ei- 
senberg 1981; Wourms 1981; Yaron 1985).

Provisioning before birth commonly has a substantial influence on neonatal 
survival as well as on reproductive performance in adulthood. For example, 
red-deer calves bom below average birth weight are more likely to die in the 
first winter (Guinness, Clutton-Brock, and Albon 1978) and, if they do sur
vive, bear light young throughout their reproductive lives and lose a high pro
portion of their progeny before maturity (see Figure 2.6). A variety of other 
studies have produced evidence of similar effects (Allden 1970; Cundiff 1972; 
Legates 1972; Hartsock and Graves 1976; Thome, Dean, and Hepworth 1976).

2.7 Provisioning Young after Hatching or Birth

In many animals, young are provisioned after hatching or birth. Four main 
types of provisioning occur: With the adult diet. In “ambrosia” beetles of the 
family Scolytidae adults cultivate fungi on palisades lining the gallery walls of 
their burrows (Batra 1963). In some species, larvae are reared in short cham
bers (“cradles”) leading off the main galleries, and the mouth of each cradle is 
kept closed by a plug of fungus that is eaten by the young and renewed by the 
mother until the young are mature (Wilson 1971). In the Jamaican bromeliad 
crab Metopaulias depressus, females feed their growing larvae with small prey 
items, and experimental removal of parents causes an increase in larval mortal
ity and a reduction in growth rates (Diesel 1989). Similarly, in many insec
tivorous or carnivorous birds, young are fed on the adult diet or something 
approximating closely to it (Newton 1979).


