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Cooperative breeding, in which some
members of a social group help others to
reproduce, recurs as a normal feature of
social organization in a variety of birds
and mammals. In many cases, these help-
ers do not themselves reproduce while
assisting in the care of others’ young. How
such apparently altruistic helping could
evolve has been a central question in the
recent development of sociobiology.

The hypotheses advanced so far fit into
three general categories (Brown, 1978):
(1) immediate, direct benefits for helpers,
such as immediate improvement in sur-
vival or chances for breeding; (2) indirect
benefits as a result of selectively helping
genealogical relatives; and (3) delayed,
direct benefits as a result of eventually
acquiring a favorable position for breed-
ing.

This paper focuses on the third cate-
gory of explanation. The aim is to de-
velop quantitative conditions under
which delayed benefits can provide a suf-
ficient explanation for the evolution of
helping and to consider some of the evo-
lutionary problems of delayed benefits. It
is important to emphasize that the three
kinds of hypotheses above are not mu-
tually exclusive. All three effects might
contribute to the evolution of coopera-
tive breeding in a particular species or
population. Indeed, it is possible that
none of the three alone could provide a
sufficient explanation for a particular case
of cooperative breeding, whereas a com-
bination of two or all three could.

Nevertheless, a first step is to test the

adequacy of each hypothesis separately.
To make these tests, we need to know the
conditions under which each hypothesis
can provide a sufficient explanation for
the evolution of cooperative breeding.

These conditions are comparatively
well formulated for the first two hypoth-
eses. For instance, immediate, direct
benefits can provide a sufficient expla-
nation for cooperative breeding provided
that each individual in a group realizes
an immediate gain in fitness, either
through production of young or increased
survival, in comparison to its fitness when
breeding alone. Immediate, direct bene-
fits to group members play an important
part in the evolution of cooperative
breeding in some species (Vehrencamp,
1978). In many species, however, helpers
do not reproduce, or at least have very
low chances for reproduction, so that im-
mediate, direct benefits cannot provide
a complete explanation for the evolution
of helping in these cases.

The indirect benefits from kin selec-
tion are also relatively well understood.
Although these benefits are clearly im-
portant in the many species of coopera-
tive breeders in which helpers join their
natal groups, kin selection has neverthe-
less remained a controversial explana-
tion for the evolution of cooperative
breeding (Brown, 1978; Brown and
Brown, 1981; Emlen, 1978, 1981; Gas-
ton, 1978b; Ligon and Ligon, 19784,
19785, 1982; Koenig and Pitelka, 1981;
Woolfenden, 1981). To determine
whether or not indirect benefits can pro-
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vide a sufficient explanation for cooper-
ative breeding, we can apply an alter-
native form of Hamilton’s condition for
the evolution of altruistic behavior
(Hamilton, 1964; Brown, 1978; Emlen,
1978):

N(g)r(g) > N(o)r(o),

where N(g) = the expected marginal in-
crease in the production of young by a
group as a result of adding one nonbreed-
ing helper, r(g) = the expected propor-
tion of the helper’s genes shared by the
group’s juveniles, N(o) = the expected
production of juvenile offspring by an in-
dividual breeding without helpers, and
r(0) = the proportion of an individual’s
genes shared with its offspring (normally
19). This condition for the evolution of
cooperative breeding, like Hamilton’s
original one, makes some simplifying as-
sumptions, such as the absence of in-
breeding or strong selection and additive,
rather than multiplicative, effects of help-
ing (Cavalli-Sforza and Feldman, 1978;
Uyenoyama and Feldman, 1980; Feld-
man and Cavalli-Sforza, 1981). Never-
theless, it provides a reasonably accurate
and practical condition for application to
field studies of helping.

The third explanation for the evolution
of cooperative breeding, as a result of de-
layed, direct benefits to helpers, has so
far lacked quantitative formulation. The
usual arguments take one of two forms:
(1) by joining a group as a nonbreeding
helper, an individual can eventually suc-
ceed to breeding status in that group or
in a subset of the group and thereby have
helpers to assist its own reproductive ef-
forts (Ligon and Ligon, 1978a, 19785,
1982; Woolfenden, 1981; Ligon, 1983);
or (2) owing to a shortage of vacant ter-
ritories in sedentary populations with
high survival or, alternatively, owing to
unusually harsh conditions, young indi-
viduals improve their chances of surviv-
ing and eventually breeding by remaining
on their parents’ territory and temporar-
ily helping to raise younger kin (Selander,
1964; Brown, 1974; Ricklefs, 1975; Koe-
nig and Pitelka, 1981; Emlen, 1982).

These arguments have an important
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feature in common: the primary cost of
becoming a nonbreeding helper in a
group, in terms of the fitness of the help-
ers’ genes, is not the immediate cost of
providing help, but instead the delay be-
fore the helper can expect to have a chance
to breed. The possible benefits accruing
to a nonbreeding helper in a group, ac-
cording to these hypotheses, are of two
sorts: higher survival in comparison to
that while searching for a vacant territory
and a mate; and greater eventual repro-
ductive success once the helper gains re-
productive status in a group.

The possibilities for delayed benefits
from helping or from remaining in the
natal group are often different for males
and females, since the sexes often differ
in tendencies to emigrate from the natal
area. In most cooperatively breeding birds
and some mammals, males tend to stay
in the natal group while females tend to
move to other groups before breeding
(Rowley, 1965; Woolfenden and Fitz-
patrick, 1978; Frame et al., 1979; Koenig
and Pitelka, 1981; Gaston, 1978a).

The delayed benefits of helping also
depend on the order of succession to
breeding status in a group. Nonbreeding
helpers in a group are usually arranged
in a linear ranking according to age. This
ranking is discernible by careful attention
to subtle interactions of helpers (Brown,
1972; Zahavi, 1974, 1976; Gaston, 1977;
Stallcup and Woolfenden, 1978). It shows
up clearly, however, when opportunities
arise for obtaining a breeding position in
a group. Then, the oldest helper normally
becomes the new breeding member.
Rankings are clearest among male help-
ers, at least in those species in which males
normally attain reproductive status in
their natal groups while females normally
emigrate to breed.

The linear ordering of helpers might
arise in two ways. One possibility is that
each member of a group has a rank cor-
responding to its intrinsic abilities. Each
newcomer would have 1o test itself soon-
er or later against the current members
of the group in order to locate its proper
rank.

Another possibility is that the helpers
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form a queue for access to reproductive
positions (Wiley, 1981). In this case, a
new helper joins the tail of the queue in
its natal group. In the case of males, in
those species in which males usually do
not emigrate from their natal groups, the
helper moves to the head of the queue in
the course of time and then takes the next
opportunity to become a breeding mem-
ber of the group. Advancement normally
results from mortality of those farther
ahead in the queue. Females might also
form queues before emigrating to take
breeding positions in other groups. In this
case, the female at the head of the queue
would take the next available opportu-
nity to emigrate.

A queue differs from a ranking by con-
test in the way new members find their
places. In a queue, order of arrival is the
basis for linear ordering of individuals.
Newcomers take the last position at the
tail of the ordering. In a ranking by con-
test, each newcomer eventually takes a
position determined by its intrinsic at-
tributes independent of its order of ar-
rival.

In cooperative breeders, the ordering
of helpers results so far as known from
queuing rather than ranking by contest.
Since newcomers are normally individ-
uals raised by the group, a helper’s po-
sition in the queue is determined pri-
marily by age. Only siblings of the same
age have to determine their relative po-
sitions by some form of contest. As a
general rule, seniority leads to priority for
breeding positions (Gaston, 1977; Stall-
cup and Woolfenden, 1978).

The evolution of queuing behavior
raises some difficult evolutionary prob-
lems. The crucial issues are the condi-
tions that make queuing, rather than con-
testing for favorable positions,
advantageous. Why, in other words, do
not individuals in a queue try to shoulder
forward or to jump the queue?

All of the foregoing features of coop-
erative breeding are well exemplified by
the stripe-backed wren Campylorhyn-
chus nuchalis, a species we have studied
since 1974 in the savannas of central
Venezuela (Wiley and Wiley, 1977; Ra-
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benold and Christensen, 1979; Raben-
old, in press a and b). Our information
about this species can illustrate the use
of quantitatively formulated conditions
for the evolution of cooperative breeding
as a result of delayed benefits to helpers.
It can also illuminate the conditions that
make queuing for reproductive positions
advantageous. A full discussion of the
relative contributions of immediate, in-
direct, and delayed benefits of helping will
appear elsewhere.

METHODS AND RESULTS

Sufficient Conditions for the Evolution
of Delayed Breeding

When individuals join groups as non-
reproductive helpers, rather than seek
sites for breeding elsewhere, they incur a
major cost as a result of a delay in the
onset of breeding. In return, they might
realize benefits from greater survival and
greater reproductive success at a later age.
The first step in identifying the sufficient
conditions for the evolution of helping
by such delayed benefits is to specify the
sufficient conditions for the evolution of
delayed reproduction itself. Under what
conditions does delayed breeding in-
crease fitness?

It is clear that either increased surviv-
al, as a consequence of postponing re-
production, or increased reproductive
success once breeding begins can help to
compensate for a delay in the start of
reproduction. The question thus be-
comes, How large is the increase in sur-
vival or later reproductive success need-
ed to compensate fully for the effects of
a delay in breeding on the spread of in-
dividuals’ genes?

By using Lotka’s (1956) standard equa-
tion for the rate of increase of a lineage
with a stable age distribution, we can
compare lineages of individuals that be-
gin to breed at different ages (Wiley,
1981). Let one lineage include individ-
uals that start reproduction at age a. The
proportionate annual increase of this lin-
eage, A\, obeys the equation,
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Here /(x) and mi(x) are, respectively, sur-
vival and fecundity as functions of
age, X.

Then let a second lineage include in-
dividuals that begin to breed at age b >
a. In addition, in comparison to the first
lineage, these individuals survive better
by a factor S in all years between ages a
and b and also have higher age-specific
fecundity by a factor M once breeding
begins. The proportionate annual in-
crease of this lineage, A,, then obeys the
equation,

1= D) \y=Stal (X)) Mm,(x)
x=b

= St=aM D ML ()m (). (2)
x=b

By separating the terms for ages a through
b — 1 in equation (1), we can make equa-
tions (1) and (2) more comparable:

b—1
1= 2 ML ()my(x)

+ 20N L) my ().

x=b

3

If lineage (2) increases faster than lineage
(1), in other words if A, > X\, it follows
that

(=<}

2 AL ()my(x) > 2 A () my(x).
x=b

x=b

The right-hand side of this expression,
we see from equation (2), equals

1/(SP=<M).

Substituting this value into equation (3)
and rearranging terms, we obtain the in-
equality

b1

St-apf — 1
> 2 A5 () ().

This inequality specifies the conditions
under which a lineage with delayed re-
production (lineage 2) would spread fast-
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R. H. WILEY AND K. N. RABENOLD

er than one with earlier reproduction (lin-
eage 1).

The right-hand side of this inequality
expresses the cost of delayed reproduc-
tion. This cost amounts to the expected
production of offspring by early breeders
during the years in which late breeders
have postponed reproduction, with each
year’s expected production weighted by
its contribution to the proportionate an-
nual increase of the lineage. The left-hand
side expresses the benefits of delayed re-
production, in terms of the proportionate
increase in survival during the delay and
the proportionate increase in eventual fe-
cundity.

The rate of spread of a gene favoring
delayed breeding thus depends on the
phenotype’s increased survival and later
fecundity as consequences of the delay.
Note that fecundity increasing with age,
regardless of when breeding begins, in no
way contributes to the evolution of de-
layed breeding. Instead, an increase in
fecundity at later ages must be contingent
on the delay in the onset of breeding.

Application of the Condition for
Delayed Breeding

Do helpers in a cooperatively breeding
species like the stripe-backed wren meet
this condition for the evolution of de-
layed breeding? To apply this condition,
we need estimates of the fecundity and
survival of individuals that breed as pairs
at an early age and individuals that re-
main as nonreproductive helpers until
they succeed to reproductive positions in
groups. In practice, obtaining these es-
timates requires some simplifying as-
sumptions, which we explore in more de-
tail below.

In a population of stripe-backed wrens
at Fundo Pecuario Masaguaral, 45 km
south of Calabozo, Venezuela, we have
marked individually all of the birds in
25-30 groups from 1977 onwards and
80% in 10 of these groups from 1974-
1977. Groups include 2—-10 adult wrens
(at least 6 months old) and average 5.5.
In each group, one pair reproduces dur-
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ing the rainy season, usually between May
and September. Our observations strong-
ly suggest that other members of a group
do not normally copulate or lay eggs (fur-
ther details in Rabenold, in press).

Nevertheless, all members of a group
participate in defending the territory,
guarding the nest against predators and
brood parasites, and feeding the young
in the nest and after fledging. In all years,
the production of independent young by
pairs without helpers or with only one
helper has fallen far short of that by groups
with at least two helpers. From 1978-
1981, groups of two or three adults pro-
duced .40 young/year (N = 47 group-
years), while larger groups produced 2.40
young/year (N = 49 group-years). Pro-
duction of young has not varied mark-
edly with group size above a total of four
wrens (2 breeders, 2 helpers). A full ac-
count of variation in reproductive suc-
cess with group size appears in Rabenold
(in press a).

Annual survival of breeding adults has
averaged .64 (IV = 164 bird-years) and has
not varied with sex or size of group. Sur-
vival of helpers has averaged .61 (N =
140 bird-years) regardless of the size of
the group. Male helpers, however, sur-
vive much better overall than do females,
.78 as opposed to .47. The higher mor-
tality of female helpers only appears after
the first year and presumably results from
risks associated with leaving the natal
group to compete for breeding positions
in other groups. Dispersal by females oc-
curs predominantly over short distances,
most often only as far as an adjacent ter-
ritory. Our census procedures exclude the
possibility that more than a small num-
ber of dispersing females have escaped
discovery. Consequently, the low surviv-
al of female helpers after the first year
must be substantially accurate. Our in-
formation so far reveals no further age-
dependent influences on survival or
fecundity, aside from the effects of re-
productive or nonreproductive status in
a group (further details in Rabenold, in
press b).

These data for average survival and

reproductive success permit a prelimi-
nary assessment of the sufficient condi-
tion for the evolution of delayed breeding
in stripe-backed wrens. As an estimate of
M, we can take the ratio of the average
annual production of young by groups of
at least four wrens to the production of
young by pairs and trios, 2.40/.40 = 6.0.
In other words, a young bird newly es-
tablished on its territory with no helpers
can expect its reproductive success to
reach only 1/6 the success of a bird that
succeeds to reproductive status in an es-
tablished group with at least two helpers.
As an estimate of .S, we can take the ratio
of the average annual survival of helpers
to the survival of breeders, .78/.64 = 1.22
for males. For females, after the first year
of life, this value is .47/.64 = .73.

In addition, we need estimates of the
duration of the delay in reproduction by
individuals that become helpers in
groups. Ifa young male joins a group with
one older male helper in addition to the
breeding male, he can expect to begin
breeding at age 3 after joining the queue
at age 0, provided he survives. This es-
timate, based on the observed mortality
of males, agrees with the average age at
which males in our population have at-
tained breeding status in their natal
groups, 2.7 years (N = 35) (Rabenold,
in press b). On the other hand, one male
in our study has bred successfully at the
age of 1 year. Thus as estimates of a and
b in inequality (4), we can take 1 and 3,
respectively.

As our population has remained stable
within 10% throughout our study, we can
take \; = 1.0 as an average over periods
of several years. Note that inequality (4)
includes the term A,, the proportionate
annual increase for a lineage of earlier
breeders. If in fact early breeding cannot
sustain a steady population, in other
words if A; < 1.0, then inequality (4) with
A = 1 becomes a conservative condition
for the evolution of delayed breeding.

Since survival of males to age 1 is .78
but drops to .64 once males begin to
breed, our estimate for the right-hand side
of inequality (4) comes to
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Fic. 1. Analysis of the sufficient condition for delayed breeding by stripe-backed wrens. LHS, left-
hand side, and RHS, right-hand side, of inequality (4).

b—1
2 1(x) ()
= .40(.78 + .78(.64)) = .51.

Our estimate for the left-hand side is sub-
stantially larger:

StmeM — 1 (1.22)%(6.0) — 1

St (1.22)%(6.0)
So, on average, males in this population
have higher fitness if they wait in line for
succession to reproductive status in a
group rather than start breeding at age 1
without helpers.

For the estimates used above, it would
in fact pay for males to postpone repro-
duction as long as necessary to obtain a
reproductive position in a group. This
conclusion becomes apparent when we
consider that the right-hand side of in-
equality (4) converges on .85 as b goes to
infinity, while the left-hand side con-
verges on 1.0 (Fig. 1).

One feature of these calculations seems
particularly unrealistic. Males that leave

.89.

their natal groups in their first year to
establish new territories might well suffer
higher mortality than males remaining in
their natal groups, as we suspect is the
case for dispersing females. If dispersing
males have higher mortality than non-
dispersers, our estimates for the right-
hand side of inequality (4) are too high.
This effect only increases the advantages
to males of waiting for breeding positions
in their natal groups rather than dispers-
ing at age 1.

The situation is different for females in
this population. Since females have lower
survival as nonbreeding helpers after their
first year than as breeders, our estimate
of Sisless than 1.0. If this lower survival
results from the risks of finding and com-
peting for a position in a new territory,
then females dispersing in their first year
would experience this low survival (.47)
at that time but would subsequently en-
joy the higher survival of breeders (.64).

For females, therefore, the right-hand
side of inequality (4) amounts to
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40(.47 + .47(.64)) = .31.

Since S = .73 for females, the left-hand
side comes to

(73)%6.0) — 1 _
(.73)%6.0)

For females as well as males, postpone-
ment of breeding until age 3 has advan-
tages in this population. However, since
the value for Sisless than 1.0 for females,
the left-hand side of inequality (4) de-
creases indefinitely with increasing b. In
contrast, the right-hand side increases to
an asymptote of .51. Consequently, for
females, a delay of reproduction in order
to take a breeding position in a group
with at least two helpers only pays to age
4 (Fig. 1). A delay to any later age does
not on average increase the spread of a
female’s genes.

Although we have evaluated the con-
ditions favoring deferred reproduction in
each sex separately, all genes except those
on chromosomes restricted to one sex
would spread fastest when associated with
advantageous life histories in each sex.

.69.

DiscussioNn
Simplifying Assumptions

Our sufficient conditions for the evo-
lution of delayed reproduction are much
like Hamilton’s sufficient conditions for
the evolution of helping behavior. Both
take the form of an explicit inequality.
Both involve some simplifying assump-
tions for application to field observa-
tions.

In most cases, our assumptions can be
examined with further data. For instance,
we have assumed that mortality and re-
productive success beyond the first year
of life vary with social positon and sex
but not with age or duration of breeding
experience. We have also assumed that
the parameters in the equation for the
rate of reproductive increase are station-
ary in time and that the population has
reached a stable age-distribution. Cur-
rent information suggests that thesc as-
sumptions are largely correct.

To be certain that individuals joining
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groups as helpers and those breeding at
the same age as pairs do not differ sys-
tematically in some other way that affects
reproduction or survival, it would be
necessary to manipulate group size ex-
perimentally by adding helpers to pairs
or small groups and removing them from
large groups. Experimental removal of
helpers from groups of the babbler Po-
matostomus temporalis, a species with
ecology and behavior remarkably similar
to those of stripe-backed wrens (Brown
and Brown, 1981; Brown et al., 1982),
has demonstrated a clear effect of helpers
on reproduction.

Another major assumption of our ap-
proach is that delayed reproduction and
queuing are the only routes for achieving
reproductive status in a large group. This
assumption is borne out by our obser-
vations so far. We have so far not ob-
served any group of two or three wrens
that recruited enough young as helpers to
attain the reproductive success of a large
group. Although we have observed three
instances of a large group splitting into
two smaller ones, with consequent de-
creases in the reproductive success of the
new groups, we have not observed the
opposite, two small groups merging to
form a large, successful one. Thus delay-
ing reproduction while queuing for a re-
productive position is the only way a
stripe-backed wren can expect to breed
in a large group.

Additional Implications of the Results

Sex Difference in Emigration.— At first
sight, it appears that our results explain
why females, rather than males, tend to
emigrate from their natal groups, since it
does not pay females to delay reproduc-
tion indefinitely. However, this differ-
ence between sexes in conditions for de-
layed reproduction depends on the
differences in mortality of nonbreeding
helpers. The higher mortality of female
in comparison to male helpers apparently
results from the risks of searching and
competing for vacancies in neighboring
groups. If the higher mortality of non-
breeding female helpers results from
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searching for vacancies in other groups,
it cannot help to explain why females
rather than males emigrate.

Individual Adaptability. —Our analysis
so far has not included the possible
adaptability of individual wrens. We have
instead considered whether or not an av-
erage wren in our population would do
best to remain in a group as a nonbreed-
ing helper rather than to breed with only
a mate at an earlier age. Of course, few
individual wrens actually confront av-
erage conditions. Natural selection should
favor adaptation to particular situations,
rather than to average conditions. Con-
sider two variables that would affect the
best choice for an individual wren: (1)
differences in territory quality; and (2)
differences in the lengths of queues for
reproductive positions. :

If some territories have higher expect-
ed production of young than others, ow-
ing to security from predators or to avail-
ability of food, then it would be
worthwhile to wait longer for a breeding
position there. M in condition (4) would
be higher for helpers in good territories
than for those in poor ones. If territories
do differ in quality, young wrens should
tend to emigrate from poor territories but
to join queues in good ones.

On the other hand, a longer queue
means a longer wait for a breeding po-
sition in a group. When the advantages
of delayed reproduction only compensate
for short delays, then a young individual
should emigrate rather than join a queue
likely to take too long. This consideration
applies especially to females in our pop-
ulation of stripe-backed wrens. Although
females emigrate to breed, there is never-
theless some queuing of the female help-
ers in each group. When a vacancy be-
comes available nearby for a reproductive
female, several females from the same
group sometimes compete as a unit for
the vacancy. If they succeed, however,
only the oldest female becomes the new
breeding member of the group. The oth-
ers return to their natal group or, occa-
sionally, remain in the new group as non-
breeding helpers. When we recall that
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females in this population realize no ad-
vantage in delaying reproduction past age
4, a long queue of female helpers in a
group would make it advantageous for
young females to breed without helpers
early in life.

For males, on the other hand, the length
of the queue of male helpers in the natal
group is never too long to make breeding
without helpers advantageous. Young
males should never leave a group to breed
without helpers. Indeed, this event rarely
occurs in our population.

Males might, however, choose be-
tween shorter and longer queues in groups
on comparable territories. Nevertheless,
young males have emigrated on only a
few occasions to become nonbreeding
helpers in other groups. It is possible that
they simply do not have enough infor-
mation about territory quality and lengths
of queues to make it worthwhile to switch
groups. Gathering such information
might entail sufficient risks of mortality,
as we see in the females, that finding and
competing for the best queue does not
pay.

Complementary Effects of Kin Selec-
tion.—There is of course another reason
for young wrens to join their natal groups.
The indirect advantages of kin selection
clearly favor any tendency of wrens to
become helpers in their natal groups,
where the breeding pair are likely to be
their own parents, at least at first.

Kin selection might have another im-
portant effect in complementing the ad-
vantages of delayed reciprocity in our
population. Our analysis so far applies
only to the persistence of this behavior
in a population that already has estab-
lished groups, not to the early spread of
helping in an ancestral population.

In a hypothetical ancestral population
of pairs breeding without helpers, a mu-
tation that predisposed young wrens to
become nonbreeding helpers would en-
counter conditions significantly different
from those currently prevailing. The ad-
vantages of delayed reciprocity, although
not necessarily entirely absent, are likely
to be low initially. Kin selection might
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then provide the essential ingredient for
the initial evolution of cooperative
breeding.

Relation to Other Proposals for the
Evolution of Delayed Reproduction
in Cooperative Breeders

The sufficient condition for the evo-
lution of delayed reproduction empha-
sizes the trade-off necessary in life-his-
tory adaptations for survival and
reproduction. Individuals have limited
time and resources available. Further-
more, allocations of time and resources
at one age constrain possibilities for al-
locations at later ages. Condition (4)
summarizes the balance between the ad-
vantages and disadvantages of delayed
reproduction in terms of these trade-offs
in life-history options. ‘

Previous explanations of the evolution
of delayed reproduction and cooperative
breeding have often failed to weigh these
balancing options. One approach, which
focuses on sedentary species with high
survival, emphasizes the limited avail-
ability of vacant territories for young in-
dividuals (Selander, 1964; Ricklefs,
1975). With little chance of finding a va-
cancy, the argument runs, young indi-
viduals do better to stay in their natal
group. This explanation, however, has an
element of circularity, because the lim-
ited number of vacancies each year is a
result of the existence of groups in the
first place.

Imagine a comparison of two popula-
tions: one of pairs breeding on small ter-
ritories each producing few young; the
other of groups on proportionately larger
territories producing correspondingly
more young. In the first case, suppose
that all individuals compete for territo-
ries in their first year, while in the second
case they join groups as nonbreeding
helpers. Suppose further that mortality is
the same in the two populations. While
the first population clearly has more in-
dividuals competing for vacant territo-
ries each year, it also has more vacancies.
Indeed, if the nonbreeding helpers in
groups form age-related queues for
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chances to obtain reproductive positions,
the ratio of the number of competitors
for vacancies to the number of vacancies
available would not differ for the two
populations.

The behavior necessary for fission of
groups and colonization of vacancies is
within the capabilities of our population
of stripe-backed wrens. Groups have split
their territories and membership in two,
and wrens from different groups have
joined to establish new territories in va-
cant areas. Areas open for colonization,
which have previously supported suc-
cessful groups, have remained empty for
more than a year in our study area.

To explain the evolution of tendencies
for individuals to remain as nonbreeding
members of their natal groups on large
territories rather than to breed as pairs
on correspondingly smaller territories,
one cannot simply invoke a high level of
competition for vacancies, even for
species with high survival in relatively
stable environments. Instead, it is nec-
essary to determine the balance of ad-
vantages between finding a mate and es-
tablishing a new territory, on the one
hand, and delaying reproduction, on the
other.

A second approach in explaining the
evolution of delayed reproduction and
cooperative breeding focuses on species
in fluctuating environments (Reyer, 1980;
Emlen, 1982). This argument also re-
duces to an analysis of the balance of
advantages and disadvantages for the al-
ternatives facing young individuals. The
empbhasis here is on the risks of mortality
and reproductive failure while establish-
ing a new territory or finding a mate un-
der harsh conditions. Condition (4) would
allow quantitative evaluation of the con-
sequences of delayed breeding under these
conditions.

Delayed Reproduction and Delayed
Reciprocity

Evolutionary advantages for delayed
reproduction in stripe-backed wrens hinge
on the increased reproductive success of
individuals that wait to breed in a group
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rather than breed at an early age as one
of a pair. This increased success depends
on additional helpers joining the queue
behind each helper already waiting for a
reproductive position. A nonbreeding
male in a group thus assists in rearing
future helpers that, provided he survives
to breed in the group, later assist in rear-
ing his own progeny. The helpers become
the helped. This benefit from helping is
a form of delayed reciprocity (Ligon and
Ligon, 1978a, 19785, 1982; Woolfenden
and Fitzpatrick, 1978; Emlen, 1981; Li-
gon, 1983).

The problem that immediately arises
is the possibility of cheating. Since giving
aid precedes, perhaps by several years,
the receipt of aid, why do not cheating
tendencies evolve? Cheating, in this con-
text, consists of refusing to help as a non-
breeding member of a group, but then
later accepting help as a breeder.

In the special case of delayed reciproc-
ity in cooperative breeders, cheating of
this sort cannot evolve, provided two
conditions are met: (1) the balance be-
tween the benefits of increased repro-
ductive success in a favorable breeding
position and the costs of any increased
mortality while waiting for such a breed-
ing position are the same for each suc-
ceeding cohort; and (2) the nonbreeding
members of a group form a queue for
succession to reproductive positions.
Then the same conditions that make
joining a group and delaying reproduc-
tion advantageous for any one individual
make the same behavior advantageous
for his successors. Furthermore, once an
individual has joined a queue for a fa-
vorable breeding position, it then pays to
raise and recruit younger individuals to
join the queue behind him. Thus queuing
makes it advantageous to help younger
individuals, and helping (given appro-
priate demographic conditions) makes it
advantageous to queue for succession to
older individuals’ positions. The inter-
dependent advantages of queuing:and
helping make this reciprocity across co-
horts immune to the evolution of cheat-
ing.
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Condition (4) then provides more than
just a sufficient condition for the evolu-
tion of delayed reproduction. In combi-
nation with stable queues for breeding
positions, it also provides a sufficient
condition for the evolution of coopera-
tive breeding. The prerequisite of stable
queuing, however, raises some further
problems.

Queuing as an Evolutionarily
Stable Strategy

Queuing, the ranking of successive in-
dividuals by their order of arrival, clearly
invites the evolution of tendencies to
jump the queue, to take the benefits with-
out waiting in line for them. Under what
conditions might queuing be an evolu-
tionarily stable strategy, in the sense that
no other behavioral variant can do bet-
ter? In particular, what conditions might
ensure the stability of queuing against
variant individuals that tend to challenge
opponents preceding them in the order-
ing?

The behavioral dynamics of queuing
are potentially complex. One can imag-
ine a variety of behavioral tactics that
involve coalitions among two or more
individuals against others, either to en-
force queuing on disruptive individuals
or to challenge individuals with greater
priority. However, we have not observed
any suggestions of coalitions among
stripe-backed wrens in their interactions
with other group members.

In the absence of coalitions, there are
at least four conditions. under which
cheating by jumping the queue might not
spread: (1) age-dependent changes in the
advantages of delaying reproduction; (2)
risks of losing priority as a result of con-
tests; (3) enforcement of the current sta-
tus of the queue by individuals with the
highest priority and thus the most to gain
in the short run; and (4) mutualistic in-
teraction among acquainted individuals.
These possibilities are not mutually ex-
clusive.

Of these possibilities, mutualistic co-
operation seems most likely to apply to
stripe-backed wrens, on the basis of our
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observations so far. When the individ-
uals in a queue generate the benefits for
those at the head of the queue, the payoffs
for cooperating or cheating in the queue
satisfy the conditions for the Prisoners’
Dilemma of game theory (Rapoport and
Chammah, 1965; Axelrod and Hamil-
ton, 1981).

As a consequence of the different ages
of individuals in a queue, all individuals
can have the same advantages in the long
run, provided they all continue to co-
operate. By successfully defecting, in this
case by jumping the queue, an individual
obtains the benefits of reproduction in a
large group at an early age and thus can
increase its fitness and lower that of all
other members. However, once one in-
dividual defects, all should defect, since
continuing to cooperate by waiting can-
not pay when others jump ahead. In this
case, queuing disappears altogether, so
individuals must breed as pairs with low-
er expected fitness than when cooperat-
ing.

As in other cases of the Prisoners’ Di-
lemma, cooperation can spread under
conditions in which tit-for-tat prevails

over defecting (Axelrod and Hamilton,

1981). These conditions are satisfied
when individuals recognize each other
and interact an indeterminate number of
times. These are just the conditions that
stripe-backed wrens would face in a
group. Individuals of each sex interact
with each other over an indeterminate
period before reaching the head of the
queue and a reproductive position.

SUMMARY

The evolution of cooperative breeding,
in which nonbreeding members of a group
help to raise the breeding members’
young, can result from one or more of
three possible advantages for helpers: (1)
immediate, direct advantages, such as
immediate improvement in survival; (2)
indirect advantages from kin selection;
and (3) delayed, direct advantages for
helpers that join a queue for eventual
succession to an advantageous reproduc-
tive position. The conditions under which
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either of the first two kinds of selection
can provide a sufficient explanation for
the evolution of cooperative breeding are
relatively well understood. We have now
developed quantitative conditions under
which the third sort of selection can pro-
vide a sufficient explanation.

More than one of these sources of se-
lection are likely to influence the evolu-
tion of cooperative breeding in any par-
ticular case. Nevertheless, we need
quantitative conditions under which each
provides a sufficient explanation in order
to understand how the three sorts of se-
lection could complement each other.

Delayed advantages provide a suffi-
cient explanation for helping if joining a
queue for a favorable reproductive po-
sition and helping to raise the breeding
individuals’ subsequent young increase
the spread of an individual’s genes. A
complete explanation thus requires con-
ditions (1) for the evolution of delayed
breeding, (2) for the curtailment of cheat-
ing among helpers, and (3) for the evo-
lutionary stability of queuing behavior.

Delayed breeding can evolve when the
eventual reproductive advantages com-
pensate quantitatively for the delay in the
onset of reproduction. For a population
of stripe-backed wrens in Venezuela, this
condition for the evolution of helping is
satisfied for males of all ages and for fe-
males to age 4.

When helpers contribute to the in-
creased fecundity of breeding members
of groups, queuing for succession to
breeding status in a group amounts to a
special case of delayed reciprocity. The
young that an individual helps to raise
become the individual’s helpers when it
succeeds to breeding status in the group.
In this special case of reciprocity, cheat-
ing by failing to help cannot spread, pro-
vided (1) demographic conditions favor-
ing delayed reproduction and queuing for
breeding remain the same for successive
cohorts and (2) individuals queue for
breeding positions.

The evolution of this form of delayed
reciprocity thus requires that queuing be-
havior satisfy the conditions for an ev-
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olutionarily stable strategy. Of several
possibilities, the one most likely to ex-
plain evolutionarily stable queuing in
stripe-backed wrens appears to be mu-
tualistic cooperation among acquainted
individuals.
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