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Why is parental care performed by the
female in some species and the male in
others? Several answers have been pro-
posed by theoretical studies (Trivers,
1972; Williams, 1975; Dawkins and Car-
lisle, 1976; Maynard Smith, 1977, 1978;
Perrone and Zaret, 1979), but there have
been few efforts to test alternative hy-
potheses against observed patterns of ver-
tebrate parental behavior. The present
paper attempts to (1) derive specific pre-
dictions from three alternative hypotheses
which deal with mode of fertilization (in-
ternal versus external) and parental care
evolution, and (2) test these predictions
using a compilation of published data on
occurrence and correlates of parental care
in amphibians and teleost fishes,

In a recent review of species with male
parental care, Ridley (1978) concluded:
“The data implicate the mode of fertiliza-
tion as the most important variable deter-
mining which parent is selected to care.
Parental tare usually correlates with ex-
ternal fertilization. There exists two hy-
potheses to explain this: certainty of pa-
ternity and order of gamete release. It is
likely that each is the final (evolutionary)
cause in different phylogenetic lineages.”
The “certainty of paternity” hypothesis
stems from the assumption that a male is
unlikely to care for offspring if those off-
spring are not his own genetic progeny
(Alexander, 1974). Trivers (1972) hypoth-
esized that reliability of paternity will be
affected by mode of fertilization—since
external fertilization is without oviposition
delay, reliability of paternity may be
greater than with internal fertilization.
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Like Ridley, Perrone and Zaret (1979) and
Blumer (1979) applied Triver's hypothe-
sized dichotomy in paternity reliability to
explain mating systems in fishes. Perrone
and Zaret (1979) have also extended it to
other animals: “Inability to assure patern-
ity may explain why male PI (parental in-
vestment) is unknown in reptiles, rare in
mammals, and . .. occurs in birds enly
when accompanied by considerable long-
term efforts by males to keep their mates
unavailable to others.” Recent theoretical
models (Maynard Smith, 1977; Werren et
al., 1980) cast strong doubt on the validity
of this hypothesis,

The second hypothesis concerns the
“order of gamete release.” Dawkins and
Carlisle (1976) proposed that natural se-
lection should favor desertion of the off-
spring by whichever parent has the earli-
est opportunity, thereby forcing the
remaining partner into the “cruel bind”
(Trivers, 1972) of providing care. They
hypothesized that internally fertilized
species show female care because the fe-
male is unable to desert the embryo(s), and
that parental care often evolves with ex-
ternal fertilization because females usually
spawn first (and can then desert),

There remains, however, an additional
hypothesis which may account for which
sex shows care. Williams (1975) has pro-
posed that association with the embryos
preadapts a sex for parental care. With
internal fertilization it is usually the fe-
male which is associated with the young.
External fertilization, particularly when
it occurs within a male's territory, could
preadapt a species to the evolution of pa-
ternal care. We term this the “association”
hypothesis. In many ways it is the simplest
and most parsimonious of the three hy-
potheses, relying only on physical prox-
imity of the adult and offspring.
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TABLE 1. Distribution of parental care and mode of fertilization within amphibian and teleos familial and
sub-famitial groups thot show both internal and external fertilivation. A “+" indicates porental care; vefer-

ences are in the Appendix,
Male parental care Female parental care
Internal Esternal nternal External
fert. fert. i~ fert.
1) Amphibians ] )
Leptodactylidae (Eleutherodactylus - all species except E. jasperi =
auriculatus species group) E. jasperi A
Bufonidae - Nectophryne Nectophrynoides =
2) Teleost Fishes
Apogonidae + + - +
Characidae = + + -
Clinidae - + + 5,
Cottidae + s L -
Exocoetidae - - +
Ophidiidae - = + =
Scorpaenidae - = + —;
Zonrcidae - - +

In this paper we examine the relation-
ship between mode of fertilization and pa-
rental care in teleost fishes and amphibi-
ans. Both groups show internal and
external fertilization, and male and fe-
male care. Hence, they are important
groups for examining care evolution, Our
analysis differs from those of Ridley (1978)
and Blumer (1979) in that (1) we attempt
to frame specific predictions from the hy-
potheses outlined above, (2) we use data
from all families, including those with
maternal care and with no paternal care,
and (3) we test our results statistically.
Our analysis confirms the existence of a
correlation between mode of fertilization
and which sex shows parental care (as has
been suggested by others, e.g., Williams,
1975; Maynard Smith, 1977; Ridley,
1978), and enables us to reject the “ga-
mete-order” hypothesis on several grounds,
The data do not allow us to falsify either
of the other hypotheses, but the “associa-
tion” hypothesis predicts observed pat-
terns of parental care more accurately
than the “reliability of paternity” model.

METHODS
Our compilation of the distribution of
parental care among the amphibians and
the teleosts (which comprise about 95% of
all living fishes and more than 99% of the

bony ones) is based mainly on recent re-
views which we supplemented with cur-
rent literature, Although not exhaustive,
the data should correctly identify any ma-
jor patterns: references are given in the
Appendix. Our taxonomy follows Green-
wood et al. (1966) for teleosts, and Goin
et al. (1978) for amphibians. We have
characterized each family according to the
mode of fertilization and the presence of
male, female, or no parental care. Paren-
tal care was defined as investment into
offspring after fertilization, such invest-
ment presumably increasing offspring sur-
vival, Hence, our definition includes all
cases where the offspring and parent re-
main together after fertilization of the oo-
cytes, For example, our definition includes
both viviparity and egg-guarding, but ex-
cludes activities (e.g., construction of
elaborate nests) prior to ovulation. The
function of these latter activities is often
unknown.,

Maynard Smith (1978) has examined
data on teleosts, and Ridley (1978) on te-
leosts and amphibians, but only for those
families showing parental care. We in-
cluded families without parental care so
that our analyses could take into account
the relative frequencies of modes of fertil-
ization. Our data compilation was inde-
pendent of those by Maynard Smith and
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Ridley; there are minor numerical discrep-
ancies that we cannot explain,

Throughout the analysis we treat fam-
ilies with both internal and external fer-
tilization (10 families) as two separate
groups, divided according to the mode of
fertilization (Table 1). For example, we
treated the viviparous frog Eleutherodac-
tylus jasperi as separate from the rest of
the Leptodactylidae, because it is the only
species in which internal fertilization has
been reported. For the sake of brevity,
sample sizes in statistical tests in this pa-
per are reported as “families”; readers
should note that this is not strictly true in
the above cases. Although the division of
families according to mode of fertilization
was done for reasons of analysis, current
taxonomic studies suggest that these di-
visions may be phylogenetically realistic
for at least some of the teleosts.

The present state of knowledge about
breeding systems is often anecdotal. Data
we believe to be reasonable were obtained
from 182 teleost families,(approximately
44% of all teleosts). Allowing for families
with both modes of fertilization and/or
both sexes showing care, this provided 206
items of data, Among the amphibians pa-
rental care is generally rare (often shown
by only a few species within a large fam-
ily—McDiarmid, 1978), and we have as-
sumed that care is absent from the 10 fam-
ilies (29%) in which it has not been
recorded. There are 45 items of amphibian
data. Levels of significance were calculat-
ed from the Fisher's Exact Probability
Test, or the x* test (Siegel, 1956),

RESULTS

The reproductive adaptations of teleosts
and amphibians show many conver-
gences, and involve both sexes. Some
species build large floating foam nests into
which the eggs are deposited and guarded
by the male (¢.g., the fish Betia; the frog
Adelotus). Many other species lay eggs on
the substrate, where they are guarded by
the male (the fish Lepomis; the frog Pseu-
dophryne) or the female (the fish Anoplar-
chus; the salamander Plethodon), In some
species the developing offspring are car-
ried around on the body of the parent,

sometimes by the male (e.g., the fish
Syngnathus; the frog Assa) and sometimes
by the female (e.g., the fish Solenostomus;
the frog Gastrotheca). In still others, the
eggs are retained inside the parent’s mouth
and this activity too, may be performed
by either parent (males in the fish Bagre
and the frog Rhinoderma; females in the
fish Haplochromis and the frog Hylam-
bates).

Overall, parental care has been de-
scribed in 45% of the 182 teleost families
we examined, and in 71% of the 35 fam-
ilies of amphibians. Among teleosts, pa-
ternal care is significantly more common
than maternal care (61% versus 39%; x* =
5.14, d.f. = 1, P < ,05), There is no sta-
tistically significant predominance of male
or female care in amphibians (46% versus
54%; x* = 0.26, df. = 1, P > .05). Sol-
itary parental care is the dominant care
pattern in both groups; biparental care
occurs in less than 25% of teleost and 20%
of amphibian families with care.

The general pattern for families with
parental care is that female care is most
common with internal fertilization (86%
female care), and male parental care with
external fertilization (70% male care) (Ta-
ble 2). The correlation between the mode
of fertilization and the sex showing paren-
tal care is highly significant both for te-
leosts (data from Table 2; considering only
those families showing parental care; 2 X
2 contingency table with internal versus
external fertilization and male versus fe-
male parental care; N = 102 families,
P < ,001 for two-tailed tests) and for am-
phibians (N = 35, P < ,01), This pattern
is consistent with the results of Ridley
(1978), and also is consistent with the
three hypotheses—gamete-order, reliabil-
ity of paternity, and association.

Gamete-Order

The gamete-order hypothesis proposes
that parental care patterns appear as the
result of differential opportunity to desert
zygotes—the sex spawning last should
show care. In both teleosts and amphibi-
ans with external fertilization, males rare-
ly spawn before females, Simultaneous
gamete release appears to be the most
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common situation (approximately 50-70%
of known cases), and prior spawning by
females the next most common. Two tests
are possible.

(1) When gametes are released simul-
taneously, the gamete-order hypothesis
predicts random assortment of parentul
care. Of 46 teleost species (from 12 fami-
lies) with mono-parental care and simul-
taneous spawning, 36 have solitary male
care (78%); this is a non-random assort-
ment (x* = 16.2, df. = 1, P < .001).

(2) The gamete-order hypothesis pre-
dicts that male parental care should not
evolve with external fertilization when fe-
male desertion is physically impossible.
This prediction is falsified by the data, For
example, most anuran amphibians with
male care remain in amplexus until
spawning is finished. In teleosts, female
desertion should be impossible when
sperm are released before ova. Yet, some
Callichthyidae and Belontiidae males
build foam nests, release sperm first, and
provide mono-parental care. For example,
female Callichthyidae draw spermatic
fluid into their mouth from the vent of the
male, use this sperm to fertilize eggs held
in their ventral fins, place the eggs inlo
the froth nest of the male, and then leave.

Conversely, females are known to pro-
vide care when desertion is physically pos-
sible. For example, the maternal mouth-
brooding cichlids (Sarotherodon) spawn
eggs into the substratum nest of a male,
then remove the eggs from the nest and
swim to brooding grounds; the male re-
mains at the nest site.

Reliability of Paternity
A test of the reliability of paternity hy-
pothesis is possible by deriving specific
predictions separately for each sex, and
including @/l families in the analysis (not
just those with parental care). Internal
fertilization is found in 11% of teleost and
30% of amphibian families. To allow for
the predominance of external fertilization,
the data need to be analyzed proportionally
within each mode of fertilization. Specif-
ically, the reliability of paternity hypoth-

esis yields two major predictions.
(1) Paternal care should be more com-

mon proportionally in families with exter-
nal fertilization than in those with internal
fertilization—because reliability of pa-
ternity is higher in the former group. This
prediction is supported by the data on te-
leosts (testing 2 X 2 contingency table; in-
ternal versus external fertilization and pa-
ternal care versus no paternal care; data
from Table 2: N = 189 families, P < .01
for one-tailed test) and amphibians (N =
37, P < .05).

(2) Maternal care should be equally as
common proportionally in families with
external fertilization as in those with in-
ternal fertilization—because reliability of
maternity is near 100% in both cases. This
prediction is not consistent with the data
in Table 2, which indicate a much higher
incidence of maternal care with internal
fertilization (testing 2 X 2 contingency la-
ble; internal versus external fertilization
and maternal care versus no maternal
care; teleosts: N = 189 families, P < .001
for two-tailed test; amphibians: N = 37,
P < ,002 for two-tailed test).

Association Hypothesis

The association hypothesis proposes
that the above correlations are explained
by preadaptation due to asymmetries of
association with the offspring. Three pre-
dictions result.

(1) For internally-fertilizing species in
which eggs are deposiled immediately af-
ter fertilization, there remains a potential
association between a male and his off-
spring. In this respect, oviparous inter-
nally-fertilizing species are similar lo ex-
ternally-fertilizing forms. The association
hypothesis predicts that male parental
care should be equally as common pro-
portionally among oviparous families of
both modes of fertilization. This predic-
tion is contrary to the paternity hypothe-
sis, but is consistent with data on teleosts
(N = 177 families, P > .50 for two-tailed
test). No test is possible with the amphib-
lans, because eggs are retained for long
periods in utero in most internally-fertil-
izing forms (Salthe and Mecham, 1974).
In the teleosts, the exclusion of viviparous
and egg-retaining forms leaves only nine
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TABLE 2. Distribution of male and female pavental care with respect to mode of fertilization in teleost fishes
and amphibians (see text for delails). The table shows wumber of families; a single family may appear in more
than one category, but is not listed under “no pavental cave” unless care is completely unknown in the family.

Raw data ave in the Appendix.

& Parental care W Parental care i No parental care
Tnternal Externil nt )
O T M i o)
Fish 2 61 14 24 N
5 100
Amphibians 2 14 1 L] 0 10
_'l'full: 4 75 25 32 ] 110

internally-fertilizing families in the above
analysis (Pantodontidae, Characidae, Au-
chenipteridae, Horaichthyidae, Neosteth-
idae, Phallostethidae, Cottidae, Apogoni-
dae and Anarhichadidae). Hence, the
power of the test is reduced. A stronger
analysis of teleost data at the species level,
however, is consistent with the prediction
that the incidence of male parental care is
independent of the mode of fertilization
within oviparous species (¥ = 61 species,
21 with internal fertilization, y* = 0.04,
df. =1, P> .50).

(2) From the association hypothesis,
oviposition within a male's territory is a
preadaptation for the evolution of pater-
nal care (Trivers, 1972; Williams, 1975;
Ridley, 1978). This predicts that male pa-
rental care should be more commeon in
territorial than in non-territorial forms.
Within amphibians, only 6% of externally-
fertilizing species have male territoriality
(using male combat as the criterion of ter-
ritoriality; Wells, 1977; Shine, 1979), yet
territoriality is known in 31% of the ex-
ternally-fertilizing species with male pa-
rental care (x* = 48.24, N = 611 species,
df. = 1, P < .001). We do not have sim-
ilar data for teleosts, but Perrone and Zar-
et (1979 claimed that all “parental” teleosts
show male territoriality. This apparent
correlation could be explained in two
ways: either parental care is more likely
to evolve in the territorial sex, or else ter-
ritoriality is more likely to evolve in the
parental sex (Ridely, 1978). We cannot
distinguish between these two interpreta-
tions, and merely note that the observed

correlation is consistent with the associa-
tion hypothesis,

(3) The association hypothesis offers a
possible explanation for the correlation
between internal fertilization and female
parental care. When eggs are fertilized in-
ternally, rather than as they float, fall or
attach to the substrate, the female is po-
tentially put in direct association with her
offspring. This provides an opportunity
for selection to favor increasing length of
embryo retention in utero, a highly effec-
tive form of parental care (Williams, 1966;
Shine and Bull, 1979). This idea is rein-
forced by the observation that live-bearing
has evolved from internal fertilization in-
dependently several times within the fish-
es (Rosen and Bailey, 1963) and at least
four times in the amphibians (Salthe and
Mecham, 1974), Indeed, female care in-
volving retention of the embryos is the
dominant pattern in internally-fertilizing
species of teleosts (57% of families) and
amphibians (64%). We attribute this sit-
uation to internal fertilization preadapting
females to parental care evolution by pro-
viding an offspring-parent association.

A final test is to examine those few te-
leost species with internal fertilization but
immediate egg release (nine families), The
association hypothesis predicts female
care should be equally as common pro-
portionally in these families, as in families
with external fertilization—since females
are associated with embryos on substrate
to the same degree in both cases, This pre-
diction is supported by the data (N = 177
families, P > .50 for two-tailed test).
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However, this result is consistent also
with the paternity hypothesis.

Discussion

In both teleosts and amphibians there
is a clear relationship between the sex
showing parental care and the mode of
fertilization. Not only is male care corre-
lated with external fertilization (Ridley,
1978), but female care is correlated with
internal fertilization. The gamete-order
hypothesis (Dawkins and Carlisle, 1976)
does not properly account for the parental
care patterns observed, Male care remains
correlated with external fertilization in-
dependent of the order of gamete release,
and the physical ability of females and
males to first desert the zygotes. The em-
pirical evidence therefore repudiates the
gamete-order hypothesis. A similar con-
clusion was reached by Loiselle (1978).

The reliability of paternity hypothesis
(Trivers, 1972; Ridley, 1978) successfully
predicts the observed correlation between
male care and external fertilization. How-
ever, three major problems arise with this
hypothesis. First, the assumption that pa-
ternily reliability depends upon mode of
fertilization may not itself be true, espe-
cially for those internally-fertilizing species
in which multiple insemination is rare. To
our knowledge, no data are available to
substantiate the supposed correlation. In-
stead, sperm competition and cuckoldry

have been documented in the field with

both external (Warner and Robertson,

1978; Gross, 1979) and internal fertiliza-

tion (Birdshall and Nash, 1973; Bray et

al., 1975). In the externally-fertilizing fish

Lepomis macrochirus, for example, about

80% of the reproductive males do not

build nests but show a “cuckoldry” strat-

egy and parasitize nesting males providing

brood care (Gross and Charnov, 1980).

The second objection to the paternity
reliability hypothesis comes from recent
theoretical models of Maynard Smith

(1978) and Werren et al. (1980). These

models indicate that if paternity is equiv-

alent for all matings independent of care
behavior, paternity can not itself influence

selection for care. When a paternal male
“sacrifices” alternative matings, paternity
could influence care evolution because
level of paternity can reflect the number
of opportunities for alternative matings:
high paternity can mean few opportunities
and therefore a low cost for paternal care
(Werren et al., 1980). Because alternative
mating opportunities will be determined
by many ecological factors which proba-
bly are independent of mode of fertiliza-
tion (e.g., breeding density, adult sex ra-
tio, female promiscuity, breeding
synchrony, dominance hierarchies), there
are strong theoretical reasons to doubt any
paternity explanation for an external fer-
tilization relationship. Finally, the patern-
ity reliability hypothesis has failed to pre-
dict or explain the observed correlation
between internal fertilization and female
parental care.
The third hypothesis we have consid-
ered is that physical association between
adult and offspring preadapts for the evo-
lution of parental care (Williams, 1975),
This hypothesis is attractive on theoretical
grounds because of its parsimony; it could
serve almost as a null hypothesis against
which to test other suggestions, Hence,
male care is unlikely with internal fertil-
ization because the male is unlikely to be
nearby when the eggs are finally laid. If
the eggs are laid immediately after insem-
ination there should be no obstacle to male
parental care, however. The data are con-
sistent with both predictions. With exter-
nal fertilization, male or female care could
evolve, because both parents are present
when the eggs are laid. We attribute the
predominance of male care under these
conditions (Table 2) to the high frequency
of male territoriality in externally-fertiliz-
ing species. Male territoriality increases
the association between a male and his
offspring, and is itself correlated with
male parental care (Ridley, 1978; and Re-
sults section above). The association hy-
pothesis also successfully predicts a cor-
relation between internal fertilization and
female care,
We do not suggest that all cases of pa-
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be accomplished by one parent because
the benefits of guarding are divisible
among the offspring.

Hence, we do not invoke the association
hypothesis to explain the basic dichotomy
in parental care patterns between ecto-
thermic and endothermic vertebrates. We
feel, however, that the association hy-
pothesis may be of value in interpreting
the distribution of male care within the
endothermic vertebrates, as well as within
the ectotherms which we have analyzed
in the main part of this paper. Why is
male parental care (in the form of bipar-
ental care) so common in birds? Female
birds typically oviposit and nest in a
male’s territory, therefore associating the
male with the clutch, Because two parents
are better than one at feeding offspring,
selection favors biparental care whenever
a male’s alternative options (other mat-
ings) are not greater (Lack, 1968; May-
nard Smith, 1977), When suitable nest-
ing sites (Selander, 1972) and/or food
resources (Orians, 1969) are dispersed,
males will not show resource territoriali-
ty (Brown, 1964) and therefore not be
associated with oviposition, In many
grouse for which breeding resources are
dispersed (Wiley, 1974), females approach
clumped displaying males to be mated;
oviposition occurs elsewhere and there is
no male parental care (see also Loiselle
and Barlow, 1978).

Since most mammals are live-bearers,
males are associated with the embryos
only so long as they remain associated
with the female. This will occur when fe-
males remain in a male's territory such as
is found in many social carnivores (Wil-
liams, 1975; Maynard Smith, 1978) and
some primates (Clutton-Brock and Har-
vey, 1977), and here male care is preva-
lent. As Orians (1969) and others have ar-
gued (e.g., Emlen and Oring, 1977;
Maynard Smith, 1977), male care will not
evolve without male ability to contribute
to offspring survival. For example, lack
of male care in herbivores could reflect the
inability of males to contribute food re-
sources to the gestating female (Trivers,
1972). But this does not itself explain why

few male ungulates defend new-born
young from predators (Owen-Smith, 1977),
such as is seen in victina (Franklin, 1974),
and is common to females (e.g., goats,
Shank, 1972; bison, McHugh, 1938). It is
perhaps better argued that the nature of
herbivorous feeding has curtailed social
territoriality in ungulates (Wilson, 1975),
thereby reducing offspring-male associa-
tion, and predisposing females to solitary
care.

Similar arguments may be used for oth-
er animals. For example, parental care is
rare in insects (Ridley, 1978) and many
internally fertilized species oviposit in
areas separate from mating sites. This is
particularly pronounced when larvae feed
on resources different from that of adults
(Jones, 1977). The Belostomatinae (He-
miptera) are a striking exception, having
solitary male care with internal fertiliza-
tion (Smith, 1976). Males prolong copu-
lation with the female, which Smith (1979)
has argued insures paternity of the eggs
the male will carry. Tmagine an ancestral
bug with internal fertilization and no care.
If opportunities for additional male mat-
ing are few, selection may favor maximiz-
ing the paternity of a mating, resulting in
a postcopulatory passive phase during
which the male remains attached to the
female (Parker, 1970). When eggs are re-
leased, this places both male and female
with equal proximity to the embryos (de-
spite internal fertilization). If any adhesive
eges fortuitously attach to the male's
body, this could mark the beginning of
paternal care cvolution, That is, initial
selection for paternity may indirectly re-
sult in male-offspring association which
then leads to paternal care. A similar ar-
gument may apply to marine spiders (pyc-
nogonids, Nakamura and Sekiguchi,
1980) and possibly the Syngnathidae
(pipefish and seahorses, Herald, 1959).

SUMMARY

In both fishes and amphibians, paternal
care correlates with external fertilization
and maternal care with internal fertiliza-
tion. Three different hypotheses have
been proposed to explain these relation-
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ships: (1) “gamete-order” (Dawkins and
Carlisle, 1976; Ridley, 1978); (2) “reliabil-
ity of paternity” (Trivers, 1972; Ridley,
1978); and (3) “parent-offspring associa-
tion” (Williams, 1975). We have attempt-
ed to test these hypotheses by drawing
specific predictions and using detailed
data on teleost and amphibian parental
care.

We reject the gamete-order hypothesis
because male care remains correlated with
external fertilization independent of the
physical ability of females and males to
first desert the zygotes.

Although the reliability of paternity hy-
pothesis predicts the correlation between
male care and external fertilization, the
hypothesis is not supported by the distri-
bution of female care. Two further objec-
tions are that the assumption of differ-
ences in paternity reliability with mode of
fertilization is questionable, and that the-
oretical models cast doubt on the gener-
ality of the basic hypothesis (Maynard
Smith, 1978; Werren et al;, 1980).

Overall, the association hypothesis is
most consistent with the available data.
This hypothesis successfully predicts pat-
terns of both male and female parental
care, and offers possible explanations for
differences in the incidence of male versus
female parental care in different verte-
brate groups. We interpret the prevalence
of male parental care with external fertil-
ization as resulting from male territorial-
ity, which in turn results from female dis-
crimination of oviposition sites. Internal
fertilization preadapts females to selection
for embryo retention, leading to live-bear-
ing,
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APPENDIX 1. Parental care and mode of fertilisation in amphibions and teleost fishes, Taxonomic arvange-

ment follows Ga'll el d. (1078) and Gmmcd et al. (1966). An “X" in any of the first four columns means

that the rek c ion of p | care and mode of fertilization has been recorded in thal family;

however, in many cases povenial care may occur in only a small proportion of species within the family,

Refevences: 1. Albrecht (1969), 2. Allen (1972), 3. Anderson et al. (1971), 4. Balon (1975), 5. Baviow (1964),

6. Barlow et ol. (1968), 7. Bavlow (1974), 8. Bell (1978), 9. Bellomy (1969), 10. Bhatt (1968), 11. Bolin

(1047), 12. Breder and Rosen (1966), 13. Brothers (1975), 14. Caviander (1977), 15. Chapman (1978), 14.

Colin (1978), 17. Constants (1975), 18. Corben et al. (1974), 19. Daniels (1978), 20. DeMartini (1976), 21.

Dmitrenko (1070), 22, Drewry and Jones (1976), 23. Echelle (1073), 24. Filzsimons (1976), 25. Fovester
(1979), 26. Fryer and les (1972), 27. Garnaud (1962), 28. Garnaud (1963), 29. Goldberg (1976), 30. Gosline
(1966), 31, Gross (1080), 32. Hari (1973), 33. Hirshficld (1977), 34. Hoar (1969), 35, Hoedeman (1974), 36.

Ihering (1937), 37. Inger (1966), 38. liskowits (1974), 39. Jackson (1978), 40, Jubb (1967), 41. Kodolov
(1068), 42. Kvamer (1973), 43. Kvekorvian and Dunham (1972), 44. Kumai and Nakamura (1978), 45, Lake
(1978), 46. Lake and Midgley (1970), 47. Lamotte and Lescure (1977), 48, Lastein and Van Deurs (1973),
49. Ledrew and Green (1975), 50. Lowe-McConnell (1975), 51. Lubbock (1975), 52. Mavliave and DeMavtini
(1977), 53. Mavtin and Martin (1971), 54. McDowall (1078), 55. Mochek (1973), 56. Moore (1970), 57.
Morris (1952), 58, Moyle (1976), 59. Myvberg (1072), 60. Nelson (1964), 61. Nelson (1974), 62. Nelson and
Krekorian (1976), 63, Newdick (1979), 64, Nishida (1978), 65, Ozeti (1970), 66, Peden (1972), 67. Phillips
(1977), 68. Pietsch (1976), 69. Pielsch and Grobecker (1980), 70, Placida (1979), 71. Porter (1972), 72.
Qasim (1957), 73, Reese (1975), 74. Roberts (1971), 75. Robertson (1973), 76, Roberison and Haffman (1977),
77. Robertson and Warner (1978), 78. Robertson et al. (1979), 79, Rosen and Bailey (1963), 80. Ross (1978),
&81. Sakamoto and Susuki (1978), 82. Salthe and Mecham (1074), 83. Scott and Crossman (1973), 84,
Sjdlander et al. (1972), 85. Smith (1945), 86. Soltz and Naiman (1979), 87. Sterba (1962), 88. Sturm (1978),
89, Susuki and Hioki (1978), 90. Thakur et al. (1977), 91. Thomson et al. (1979}, 92, Timms and Kennleyside
(1975), 93. Wake (1077), 04. Wake (1975), 05, Wake (1980), 96. Warner and Robertson (1078), 07, Wells
(1977), 98. Wells (1078), 99. Westenhagen (1074), 100, Westin (1069), 101, Wheeler (1069), 102. Wheeler
(1975), 103. Wheeler (1078). 104. Winn (1058), 105. Woodruff (1077), 106. Woollon (1976), 107. Wourms
and Bayne (1973), 108, Wourms and Cohen (1975}, 109. Wowrms and Evans (1074}, 110. Xavier (1977).

4 Parenlal care % Parental care  No parental care
Internal  External Internal  External Internal  Estermal

fertil- Fertil- fertil- fertil-
imtion  laation  isation  fxatlen  Jeatlen  jratien References
Amphibians
(i) Caecilians
Caeciliidae X 82, 93
Ichthyophiidae X RZ, 93
Scolecomorphidae X 82, 93
Typhlonectidae X 82,93
(i) Caudates
Ambystomatidae X 82
Amphiumidue X 82
Cryptobranchidae X H2
Hynobiidae X 82
Plethodontidae X X 25, 82
Proteidae X X H2
Salamandridae X 65, 82
Sirenidae X B2
(lii) Anurans
Allophrynidae X 82
Ascaphidae X 82
Brachycephalidae X 82
Bufonidae X X 47, 95, 110
Centrolenidae X 47
Dendrobatidae X X 47, 98
Discoglossidae X 2
Heleophrynidae 82
Hylidae X 82
Hyperoliidae 82
Leptodactylidae X X X 22,47, 94
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d Parental care ? Parental eare No parental care
: s
o S T e Tl
ol feation  fzation  isation  ization  leation Refecences
Liopelmatidae X i
Microhylidae X X W
Myobatrachidae X X i
Pelobatidae e
Pelodryadidae X "
Pipidae : &
Pseudidae X ::
ae
Rhacophoridae )): g™
Rhinodermatidae i
Rhinophrynidae X i
Sooglossidae X ::
Teleosts
(i) Elopiformes
Elopidae
Megalopidae x o
Albulidae J,t .
(i) Anguilliformes !
Anguillidae
Moringuidae > '
Muraenidae X +
Nettastomatidae ;C‘ 12
Nessorhamphidae X 13
Congridac X 3
Ophichthidae X +
Synaphobranchidae X 5
Serrivomeridae X +
Saccopharyngidae X o
Eurypharyngidae X ::
(iii) Notacanthiformes
Halosauridae
Notacanthidae § ::
(iv) Clupeiformes
Clupeidae
Engraulidae X :
Chirocentridae § 8
(v) Osteoglossiformes :
Osteoglossidae X
Pantodontidae . X -
Hiodontidae -
Notopteridae X x lzulot
(vi) Mormyriformes I
Gymnarchidae X 4
(vii) Salmoniformes
Salmonidae X
Plecoglossidae o
Osmeridae ))é o
Argentinidae X '
Salangidae X -
Retropinnidae -
Galaxiidae X a :;
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APPENDIX Continued.
& Parental care ¥ Parental care No parental care
Internal  Exteronl  Tnternal  Esternal l'mnrn‘n] l:;(hll‘?_ll
i e e e lies Roternies
Esocidi X 12, 83
i
Gonostomatidae X i
Sternoptychicae X 18
Melanostomiatidae X 1
Stomiatidae % 1
1diacanthidae X 18
Synodontidae % B
Chlorophthalmidae s 3
Alepisauridae i i1
Myctophidae
(viii) Cetomimiformes i -
Giganturidae b
(ix) Gonorynchiformes " i
Gonorynchidae % 5
Chanidae % ¥
Kneriidae X 2
Phractolaemidae
(x) Cypriniformes AT
Characidae X X ' u.
Erythrinidae X v i
Hepsetidae X e
Lebiasinidae }S i
Anostomidae X ¥ i
Hemiodontidae X 62
Citharinidae s i
Cyprinidae X = 48, B
Catostomidae X \2. 35
Caobitidae
(xi) Siluriformes e
Ictaluridae X X g
Bagridae X "
Cranaganiies = 12, 63, 101
Siluridae X ' '2.
Schilbeidae 41
Clarlidae X o, o6
Heteropneustidae g 4 141,45
Ariidae X . £
Doradidae X e o
Auchenipteridae = A i 5
Asprodinidae § 3 s
Plotosidae X b s
Callichthyidae X 30 8
Lorfearfidac X
(xii) Percopsiformes y ¥y
Amblyopsidae . }{ 5
Aphredoderidae X 2 % "
Percopsidae
(xiil) Batrachoidiformes s
y 12, 56
Batrachoididae X
(xiv) Gobiesociformes o
Gabiesocidae X X 33,
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¢ Parental care ¥ Parental eare No parental care
Internal  External
it e e o el Entena
fration  feation  feation  feation  fzation Ization References
(xv) Lophiiformes
Lophiidae 12
Antennariidae X 69
Ceratiidae X 12, 68
Caulophrynidae X 12
(xvi) Gadiformes
Muraenolepididae X 12
Gadidae X 12, 83
Merlucciidae X 102
Ophidiidae X 12, 91, 107, 108
Carapidae X 12
Zoarcidae X 12, 101
Macrouridae X ].2
(xvil) Atheriniformes
Exocoetidae X X 12, 61, 85
Belonidae X 12
Scomberesocidne X 12
Oryziatidae X 12, 23
Adrianichthyidae X 12
Horaichthyidae X 4,12
Cyprinodontidaue X 23, 38, 83, 86
Goodeidae X 24, 34 35.‘ 87
Anablepidae X IZ: 34
Jenynsiidac X 12, 34
Poeciliidae X 17, 6'0 79
Atherinidune X SB’
Neostethidae X 4, 12
Phallostethidae X 12, 74
(xviih) Beryeiformes
Holocentridae X 12
(xix) Zeiformes
Zeidae X 12
(x%) Lampridiformes
Lampridace X 12
Trachipteridae X 12
Regalecidae X 12
(xxi) Gasterosteiformes
Gasterosteidae X 106
Aulorhynchidae X 12
Fistulariidae X 12
Solenostomidae X 12, 34
Syngnathidae p, 4 9, 101
(xxii) Channiformes
Channidae X X 4, 12
(xxiii) Synbranchiformes
Alubetidae X X 12
Synbranchidue X 12
Amphipnoidae X 12
(xxiv) Scorpaeniformes
Scorpaenidae X X 12, 61, 101




792

M. R. GROSS AND R, SHINE

APPENDIX Continued,

& Parental care 9 Parental care No parental care
nm External l-mnl 'lll'rul Interna)  External
fartll- fertil- fertil-

muon Iration tmion Iu.ﬂnn isation  feation References
Triglidae X 12
Hexagrammidae 12, 20
Anoplopomatidae X 12, 41
Cottidae X 11, §7, 100
Comephoridae X 4,12, 61
Cyclopteridae X 12, 55, 101

(xxv) Perciformes

Centropomidae X 12, 45
Serranidae X 12, 30
Pseudochromidae X 51
Plesiopidae X 12
Theraponidae X 12
Kubhliidae X 45
Centrarchidae X 14, 31
Apogonidae X X X 12,27, 28
Percidae X 4, 58, 104
Sillaginidae X 44
Echeneidae X 12
Carangidae X 12, 99
Lutjanidae X 12
Pentapodidae X 89
Sparidne X 12, 101
Sciaenidae X 29
Ephippidae X 15
Chaetodontidae X 73
Nandidae X 5, 6, 35, 61
Embiotocidae X 12, 34
Cichlidae X X 7, 26, 35, 92
Pomacentridae X X 1,2, 89,75, BO
Gadopsidae X 39
Mugilidae X 12
Sphytaenidae X 12
Polynemidae X 12
Labridue X 49, 76, 84, 96
Scaridae X 16, 77
Opisthognathidae X 12
Nototheniidae . 19
Blenniidae X 12, 67, 101
Anarhichadidae X 12, 32
Tripterygiidae X 54
Clinidne X 12
Chaenopsidae X 91
Stichaeidae X X 32, 49, 52, 109
Pholididae X X 12, 82, 72, 109
Ammodytidae X 49
Callionymidae X 12
Gablidae X X 3, 13, 45, 54, 101
Kurtidae X 12
Acanthuridae X 7,18
Scombridae X 12, 88
Istiophoridae X 12
Stromateidae X 12
Anabantidac X 12, 3§, 50
Belontiidae X X A8, 42
Helostomatidae X AS
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& Parental care ¥ Parental eare No parental care
Iu'.n-nl] External I-I..ul External  Inters
iy mal  External
. e, e e e References
Osphronemidae X R ok
Mastacembelidae * 3
(xxvi) Pleuronectiformes a A
gcophthalmidu
othidae : o
Pleuronectidae x egir
et X 12, 101
Cynoglossidae : o
(xxvil) Tetrnodontiformes ) !
Balistidae
Ostraciontidae i -
Tetraodontidae X = ¥
Diodontidae i
Maolidae X il
; X
= Female parental care known; mode of fertilization unknown. -






