
Mode of development and interspecific
avian brood parasitism

Avian interspecific brood parasites differ considerably in their commitment to parasitism; 87
species are obligate brood parasites, whereas 35 species are known to be facultative brood
parasites. This variation is strongly related to mode of development. Obligate parasitism is
found almost exclusively in altricial species, whereas facultative interspecific parasitism is pre-
dominant in precocial birds. We propose that the association between mode of development
and form of parasitism reflects a fundamental difference between altricial and precocial birds
in the relative benefits of emancipation from parental care after laying. We argue that altricial
brood parasites obtain such a large increase in realized fecundity by avoiding the costs of
parental care that obligate parasitism is favored over facultative parasitism. In contrast, precocial
brood parasites gain relatively little in terms of increased fecundity via obligate parasitism, and
much of this increase could potentially be gained by facultative parasitism. Thus, obligate
interspecific brood parasitism will not be favored in precocial birds. Three factors influence
this difference between altricial and precocial species: (1) altricial birds have relatively more
energy and nutrients with which to lay additional eggs, (2) altricial birds can produce more
eggs for the same amount of energy and nutrients, and (3) altricial birds realize a greater relative
gain in fecundity for each additional egg laid. We suggest further that facultative interspecific
parasitism in birds may originate simply through a carry over of intraspecific parasitism; 29 of
33 facultative interspecific parasites also parasitize conspecifics. Facultative parasitism of other
species would provide a greater range of potential host nests and could be maintained as an
evolutionarily stable end point by the same mechanisms that maintain intraspecific brood
parasitism. [Behav Ecol 1991;2:309-318]
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Parental care can be costly, and it is there-
fore not surprising that individuals in a

variety of organisms parasitize the parental
care of other individuals (e.g., birds: Hamilton
and Orians, 1965; Payne, 1977b; insects: Tal-
lamy, 1986; Wilson, 1975; fish: McKaye, 1985).
One of the most common forms of repro-
ductive parasitism is egg dumping or brood
parasitism, whereby females lay their eggs in
the nests of others and the hosts provide all
subsequent care for the parasitic eggs and off-
spring. Although brood parasitism occurs both
within and among species, parasitism of in-
terspecific hosts is particularly intriguing be-
cause it often involves situations in which in-
dividuals of one species depend entirely on
hosts of another species to rear their off-
spring. Such obligate brood parasitism occurs
in a few insect taxa (Wilson, 1975), but is best
known in birds, where it occurs in about 1%
of all species (Lack, 1968; Payne, 1977b).

One obvious prerequisite for the evolution
of obligate brood parasitism is the ability to

successfully parasitize another species (Ham-
ilton and Orians, 1965). This may not be the
only requirement, however, because several
species of birds are facultative interspecific
parasites. In these species, successful parasit-
ism of interspecific hosts occurs, yet parental
care has not been replaced by obligate para-
sitism. Why is there such variation among spe-
cies in the degree of commitment to parasit-
ism? Weller (1959) and Lack (1968) proposed
one possibility. They argued that facultative
parasitism is an intermediate step in the evo-
lution of obligate brood parasitism and sug-
gested that extant facultative parasites may be
in evolutionary transition from a population
with parental care to one that reproduces sole-
ly through interspecific parasitism. If this is
correct, then the variation in commitment to
parasitism simply reflects different stages in
the evolution of obligate parasitism.

Here, we propose an alternative hypothesis;
namely, that facultative and obligate brood
parasitism represent different evolutionary
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end points and that these end points are in-
fluenced by a fundamental life history trait,
mode of development. We first show that the
frequency of facultative and obligate inter-
specific brood parasites differs across devel-
opment modes. We then illustrate how mode
of development will determine which form of
brood parasitism is evolutionarily stable. Note
that we are not concerned with the factors
that initially give rise to parasitic behavior (see
Hamilton and Orians, 1965), but rather with
the factors that influence whether a species
will become an obligate brood parasite once
it is able to successfully parasitize another spe-
cies.

Mode of development and
commitment to parasitism

We surveyed data from the literature to de-
termine the relationship between mode of de-
velopment and commitment to parasitism in
birds (Payne, 1977b, for obligate parasites;
Table 1 for facultative parasites). This analysis
revealed that the relative abundance of obli-
gate versus facultative interspecific brood par-
asites differs significantly according to devel-
opmental mode (Table 2). In altricial birds,
86 of 88 parasitic species are obligate brood
parasites, whereas in precocial birds, only 1
of 34 parasitic species is an obligate brood
parasite (G test with William's correction, Gadj
= 111.2, p< .001). Most of the world's birds
are altricial species (90% altricial, 10% pre-
cocial; Lack, 1968), and the relative abun-
dance of altricial and precocial species within
either type of parasitism may simply reflect
the relative abundance of altricial and pre-
cocial birds in general (see Payne, 1977b).
However, this does not appear to be the case.
Considering first obligate brood parasites,
precocial species are rarer than expected based
on the relative abundance of precocial birds
(G^j = H.7, p < .001). Among facultative
interspecific brood parasites, fewer altricial
species are observed than predicted by the
relative abundance of altricial species (Gadj =
135.1, p < .001). Thus, the association be-
tween commitment to parasitism and mode of
development appears to be real and results
from a rarity of obligate brood parasitism in
precocial birds and a rarity of facultative par-
asitism in altricial birds.

This analysis may be biased by phylogenetic
constraints (Pagel and Harvey, 1988): inter-
specific brood parasitism is concentrated in
only four altricial families and two precocial
families of birds. Consequently, we may have
inflated the sample size by considering each
species as an independent observation. To en-
sure that this did not affect our results, we
repeated the analysis by grouping species into

higher taxonomic categories. For altricial ob-
ligate brood parasites, we followed Lack
(1968), who suggested that obligate interspe-
cific parasitism arose independently six times.
In both gallinaceous birds and cuckoos, fac-
ultative interspecific parasitism occurs in two
species belonging to a single family, and we
used family as the upper taxonomic unit. In
waterfowl, the occurrence of facultative in-
terspecific parasitism is variable within all tribes
and most genera. An analysis of the phylo-
genetic distribution of parasitism in the An-
seriformes indicates that the expression of
parasitism reflects ecology, rather than phy-
logeny (Eadie, 1991). Although using genera,
and possibly even species, in our comparison
is probably justified for waterfowl, we used
the more conservative level of tribes for this
group. When we repeat our analysis using these
more stringent criteria, the association be-
tween mode of development and the form of
brood parasitism remains (Table 2; G test with
Yates correction, Gadj = 6.6, p < .02).

Mode of development and fecundity
trade-offs of parasitism

Why should mode of development be associ-
ated with commitment to parasitism? We ar-
gue that this pattern is a result of differences
in the relative benefits of brood parasitism to
altricial and precocial birds. Specifically, we
propose that altricial brood parasites obtain
such a large increase in relative fecundity
through emancipation from parental care af-
ter laying that obligate parasitism is favored
over facultative parasitism. In contrast, we ar-
gue that precocial brood parasites gain little
in terms of relative fecundity and that much
of this additional fecundity can be gained
through facultative parasitism. Thus, we would
not expect obligate interspecific brood para-
sitism to evolve in precocial birds. To illustrate
our logic, we develop a simple cost-benefit
model and then use this model to consider
how the costs and benefits of obligate and
facultative brood parasitism differ for altricial
and precocial birds.

Cost-benefit model of brood parasitism
Consider the trade-off involved in the evolu-
tion of obligate interspecific brood parasitism.
Reproductive success can be partitioned into
two components that could differ between a
parasitic and a parental individual: fecundity
(F; the number of eggs that an individual lays)
and egg success (S; here defined as the pro-
portion of eggs that result in fledged young).
The product of these two components (F x
S) yields the number of young fledged for an
individual. For simplicity, we assume that the
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Table 1
Species of facultative interspecific brood parasites

Species Reference

Altricial birds
Family Cucilidae

Yellow-billed cuckoo (Coccyzus americanus)'
Black-billed cuckoo (C. erylhrophthalmus)'

Precocial birds
Family Anatidae

Tribe Dendrocygnini
Fulvous whistling duck (Dendrocygna bicolor)'
Black-bellied whistling duck (D. autumnalis)'

Tribe Anserini
Snow goose (Answer caerulescens)'
Canada goose (Branta canadensis)'

Tribe Cairini
Wood duck (Aix sponsaY

Tribe Anatini
Mallard (Anas platyrhynchxis)*
Gadwall (A. slrepera)'
Pintail (A. acuta)
Cinnamon Teal (A. cyanoptera)
Blue-winged teal (A. discors)
Shovellor (A clypeta)

Tribe Aythyini
Redhead (Aythya americana)*

Lesser scaup (A. affinis)'

Greater scaup (A. marilla)'
Canvasback (A. valisineria)'

Common White-eye (A. nyroca)'
Red-crested pochard (Netta rufina)'
Rosybill (N. peposaca)'

Tribe Mergini
Common goldeneye (Bucephala clangula)'

Barrow's goldeneye (B. islandica)'

Bufflehead (B. albeola)'
Hooded merganser (Lophodytes cucullatus)*

Common merganser (Mergus merganser)'
Red-breasted merganser (M. serrator)'
Smew (Mergellus albellusY
White-winged scoter (Melanita fused)'
Common eider (Somaleria mollisima)*
Spectacled eider (5. fischeri)'

Tribe Oxyurini
Ruddy duck (Oxyura jamaicensis)'

White-headed duck (0. leucocephala)'
Maccoa duck (O. maccoa)'

Family Phasianidae
Ring-necked pheasant (Phasianus colchicusY
Bobwhite quail (Colinus virginianus)'

Nolan and Thompson (1975); Weller (1959)
Nolan and Thompson (1975); Weller (1959)

Palmer (1976); Weller (1959)
Palmer (1976)

Prevett et al. (1972)
Palmer (1976)

Bellrose (1976); Bouvier (1974); Palmer (1976)

Bellrose (1976); Weller (1959)
Weller (1959)
Weller (1959)
Palmer (1976); Weller (1959)
Palmer (1976); Weller (1959)
Weller (1959)

Bellrose (1976); Johnsgard (1978); Joyner (1976);
Palmer (1976); Weller (1959)

Bellrose (1976); Johnsgard (1978); Palmer (1976);
Weller (1959)

Weller (1959)
Bellrose (1976); Johnsgard (1978); Palmer (1976);

Weller (1959)
Johnsgard (1978)
Johnsgard (1978)
Johnsgard (1978)

Bellrose (1976); Bouvier (1974); Eadie (1989);
Palmer (1976)

Eadie (1989); Erskine (1972); Palmer (1976);
Weller (1959)

Bellrose (1976); Erskine (1972); Palmer (1976)
Bellrose (1976); Bouvier (1974); Palmer (1976);
Weller (1959)
Palmer (1976)
Palmer (1976); Weller (1959)
Johnsgard (1978)
Bellrose (1976); Palmer (1976)
Prevett et al. (1972)
Bellrose (1976); Palmer (1976)

Bellrose (1976); Johnsgard (1978); Joyner (1976);
Palmer (1976)
Johnsgard (1978)
Johnsgard (1978)

Weller (1959)
Weller (1959)

• Species also known to exhibit intraspecific parasitism. Sources for intraspecific brood parasitism were Nolan and
Thompson (1975) for Cucilidae; Eadie et al. (1988) and Johnsgard (1978) for Anatidae; Yom-Tov (1980) for Phasianidae.

number of chicks fledged is a reasonable index
of fitness and that adult survivorship does not
differ between parasitic and parental individ-
uals (we consider the validity of this assump-
tion below). Thus, an individual that repro-
duces via obligate brood parasitism will have

higher fitness than an individual that cares for
its own eggs and offspring when

F.-S. > Fp-S, (1)

where the subscripts o and p refer to obligate
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Table 2
The number of obligate and facultative interspecific
brood parasites according to developmental mode

Figure 1
A cost-benefit threshold for
obligate brood parasitism.
Obligate parasitism is favored
above the solid diagonal line,
where fecundity gains of a
brood parasite (F0/Fe) exceed
the reduction in egg success
(Sp/Sa). Horizontal dotted
lines indicate the proposed
upper limit on the fecundity
gains for altricial and
precocial brood parasites,
respectively. Vertical dotted
lines indicate the maximum
reduction in relative egg
success that could be
sustained by altricial and
precocial brood parasites,
respectively, while still
yielding a net benefit to
obligate parasitism. Shaded
areas indicate the possible
regions where benefits exceed
costs for hypothetical altricial
(hatched) and precocial (solid)
brood parasites.

Type of parasitism

Mode of
development Obligate

Facul-
tative

Species
Altricial
Precocial

8S
1

Higher taxonomic groups
Altricial 6
Precocial 1

2
33

Data for facultative brood parasites are given in Table 1.
Data for obligate brood parasites are from Payne (1977b).

parasite and parental egg-laying strategies, re-
spectively. Rearranging, we get:

F IF > S /9 (9^
1 ofl p ^p/^o' \^)

Equation 2 illustrates the basic trade-off in-
volved in the evolution of obligate brood par-
asitism: increased fecundity versus reduced egg
success. Because the time and energy invested
in parental care after laying might otherwise
be invested in increased egg production, pa-
rental care constrains realized fecundity.
Emancipation from care, through brood par-
asitism, removes this constraint and so permits
a potentially large increase in fecundity (i.e.,
F0/Fp > 1). However, eggs laid parasitically
could produce proportionally fewer offspring
if parental care provided by the host species
is inferior (i.e., Sp/S0 > 1). Obligate interspe-
cific brood parasitism should evolve only when
the relative gains in fecundity exceed the rel-
ative reduction in egg success (Figure 1).

Benefits of obligate parasitism for
altricial and precocial birds
We propose that the cost—benefit ratio de-
rived above differs markedly for altricial and

precocial birds because the relative gain in
increased fecundity through brood parasitism
{F0/Fp) is much higher for altricial birds than
for precocial birds (Figure 1). There are at
least three factors that could contribute to this
difference:

Factor 1: energy and/or nutrients available for
egg production. Clutch size in many altricial
birds appears to be limited by factors other
than the energy and/or nutrients available for
egg production [e.g., the time and energy re-
quired for parental care after laying (Klomp,
1970; Lack, 1947), nest size (Slagsvold, 1982),
or adult predation risk (Lima, 1987)]. Con-
sequently, realized parental clutch sizes of al-
tricial birds appear to be well below the max-
imum clutch size that would be possible if
energy for egg production were limiting.
Emancipation from parental care through ob-
ligate parasitism should permit a large in-
crease in the total number of eggs that can be
laid.

In contrast, the young of precocial species
require little care after laying relative to al-
tricial birds, and clutch sizes may be much
closer to their potential maximum determined
by the energy and/or nutrients available for
egg production. There is now considerable
evidence for some species of waterfowl that
clutch size is limited by the availability of en-
ergy and nutrients, rather than by the de-
mands of care after laying (Ankney and Mac-
Innes, 1978; Ar and Yom-Tov, 1978; Drobney,
1980; Krapu, 1981; Ryder, 1970). Accord-
ingly, emancipation from parental care would
yield a smaller increase in egg production in
precocial birds.

Factor 2: egg size and the cost of egg production.
The eggs of altricial species are generally
smaller and contain fewer nutrients and en-
ergy reserves than the eggs of most precocial
species after controlling for differences in body
size (Ar and Yom-Tov, 1978; Rahn et al., 1975;
Ricklefs, 1977). For example, the eggs of Pas-
seriformes and Cuciliformes are approxi-
mately one-half the size of eggs of Anseri-
formes when the influence of body size is
controlled (Rahn et al., 1975). Moreover, even
when the effects of egg size are removed, yolks
of precocial eggs are nearly twice the size of
yolks of altricial eggs (Carey et al., 1980). Thus,
the eggs of altricial birds are cheaper to pro-
duce, and altricial birds should be able to pro-
duce more eggs for the same amount of avail-
able energy and nutrients than precocial
species, once the constraints of providing pa-
rental care are removed.

We note that factors 1 and 2 are not mu-
tually exclusive. For example, clutch sizes of
precocial birds may be limited by energy and/
or nutrients constraints (factor 1) because
precocial birds make relatively large, energy-
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