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INVESTMENT AND RELATEDNESS: A COST/BENEFIT ANALYSIS OF
BREEDING AND HELPING IN THE PIED KINGFISHER
(CERYLE RUDIS)

By HEINZ-ULRICH REYER
Max-Planck-Institut fiir Verhaltensphysiologie, D-8131 Seewiesen, West Germany

Abstract. Helping at the nest in birds is often termed altruism. However, so far, no study has ever
demonstrated high costs to a helper’s own lifetime reproductive success (=direct fitness), nor its
compensation through benefits from relatives other than its own offspring (=indirect fitness). In this
paper on pied kingfishers (Ceryle rudis) the relationship between investment, relatedness and inclusive
fitness (expressed in terms of genetic equivalents) is investigated for breeding males, and males that help
cither relatives (=primary helpers) or strangers (=secondary helpers). With respect to guarding nests
against predators and feeding young, primary helpers invest as much as breeders, but secondary
helpers contribute significantly less. These differences in status and investment (measured in energy
expenditure) affect the birds’ future to such an extent that primary helpers have a lower chance of
surviving and mating than secondary helpers. However, their costs in direct fitness are compensated by
pronounced benefits to indirect fitness, resulting from improved survival of siblings and parents. An
attempt is made to calculate the inclusive fitness of birds following different strategies over a 2-year
period. It is concluded that (a) breeding is superior to helping and helpmg superior to doing nothing
and (b) that kin-selection must be invoked to explain why surplus males choose the more costly primary
helper strategy instead of the cheaper secondary helper strategy. Alternative explanations, including
group selection, parental manipulation and reciprocity, are discussed.

Current evolutionary theory predicts that, in 1979; Tallamy 1982), although in some cases
order to maximize its inclusive fitness, an this relationship may be more difficult (Weather-
animal should adjust its investment in offspring head 1979; Curio 1980). With respect to indirect
relative to expected benefits minus expected costs fitness the benefit to an individual depends, among
(Trivers 1972; Dawkins & Carlisle 1976; Boucher other factors, on the coeflicient of its relatedness
1977; Maynard-Smith 1977). Following Trivers (r) to the young it rears. Thus, under certain
(1972), parental and alloparental ‘investment’ circumstances, a positive correlation between
is defined here as any behaviour that increases  investment and relatedness might be predicted
the chances of survival of existing offspring at (Weigel 1981).
the costs of the parents’ or helpers’ ability to Cooperatively breeding species, in which
invest 1n future offspring. Although terms like helpers invest in kin other than their own off-
‘effort’ or ‘expenditure’ would have been more spring, have sometimes been used to test this
appropriate in this paper to describe the empiri- prediction. However, the result is ambiguous.
cal observed matter, I have decided to employ For some mammals it has been shown that the
the more widely-used term ‘investment’. This intensity of help increases with increasing related-
scems justified as this paper provides cvidence ness (Yamada 1963; Sherman 1977, 1981; Armi-
that indeed the ‘effort’ has a negative effect on tage & Johns 1982), but for birds little more than
future reproductive success. correlations between the number of helpers and
Costs and benefits of reproductive behaviour relatedness has been demonstrated (Woolfenden
can result from an individual’s own reproduction 1981; for reviews see Brown 1978, in press; Emlen
(=direct fitness) and from the reproduction of 1978; Harvey et al. 1980; Vehrencamp 1979;
relatives other than its own offspring (=indirect Riedman 1982). But mere correlations do not
fitness; Hamilton 1964; Brown & Brown 1981). prove that enhanced indirect fitness is responsible
With respect to direct fitness, empirical support for the evolution and maintenance of helping
for the above prediction comes mainly from par- behaviour. Association and assistance between
ental defence, which increases as the number of close kin could as well be a by-product or
young and their reproductive value increases, secondary result of benefits arising from im-
and as the reproductive value of the mother proved direct fitness (Vehrencamp 1979; Koenig

decreases (Milinski 1978; Robertson & Bierman & Pitelka 1981). This suspicion is justified, in
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particular, if animals invest in unrelated off-
spring, a situation that seems to occur more
frequently than previously suspected (Balda &
Balda 1978; Stacey 1979; Ligon 1981; Power
1981; Zahavi 1981).

In some of these cases unrelated helpers con-
tributed even more than related ones. Besides the
fact that feeding rates may be influenced by age
and number of nestlings, weather and other
factors (Brown et al. 1978), there is increasing
evidence that investment is not so much a func-
tion of relatedness but rather a function of sex,
age, and status (Rowley 1978, 1981; Stallcup &
Woolfenden 1978; Ligon 1981). These in turn
.seem to affect the helper’s own reproductive
success, e.g. through shared paternity and egg-
ownership (Dow 1977; Vehrencamp 1977;
Stacey 1979; Joste et al. 1982) and when helping
improves experience, survival, territory inheri-
tance, and recruitment of own helpers (Brown
1978; Ligon & Ligon 1978; Rood 1978; Stallcup
& Woolfenden 1978; Woolfenden & Fitzpatrick
1978; Taborsky 1984). The more important
such personal advantages become the more will
the effect of relatedness be blurred (for overviews
see Brown 1978, in press; Emlen 1978).

Most authors currently argue, therefore, that
the direct component of inclusive fitness may be
of equal or even greater importance for the evolu-
tion of helping behaviour than the indirect com-
ponent. The few attempts to quantify the relative
proportions of these two components support
this, at least for birds and mammals (Markl 1980;
Vehrencamp 1979; Brown & Brown 1981;
Emlen 1981, 1982a; Koenig & Pitelka 1981;
Rowley 1981; Woolfenden 1981; Reyer 1982a).
However, even demonstrating a relatively high
benefit in indirect fitness would not justify
speaking of ‘altruism’ or making only kin
selection responsible for the evolution of helping,
unless one shows that (a) the benefit arises from
helping per se and (b) its costs reduce the helper’s
direct fitness (Power 1981; Brown, in press).
So far, this has not been demonstrated for any
cooperatively breeding bird and there is no good
evidence for altruism (Brown 1978; Koenig
& Pitelka 1981).

In this paper I test the consequences of helping
on direct and indirect fitness and the importance
of kin selection for colonial pied kingfishers
from Lake Victoria, Kenya. For two reasons this
species seems particularly suited for such a test.
(D) Its time- and energy-consuming hunting be-
haviour (flying, hovering, diving) involves high
costs for any helping bird; the benefits are also

high, however, as the survival of young depends
strongly on the number of adults feeding them.
(2) The existence of two distinct categories
of helpers (primary=related and secondary=
unrelated) allows separation of individual from
kin benefits.

Methods and Results
Study site, general mecthods, general biology and
differences in helper structure between popu-
lations in relation to ecology have becn described
elsewhere (Rever 1980, 1982b).

Date and Mode of Association between Breeders
and Two Types of Helpers

Primary helpers are with the breeding pairs
from the very beginning of the breeding scason,
whereas potential secondary helpers — although
present as well —are not tolerated before
the young have hatched. This is the criterion for
defining the two categorics. With 47 primary hel-
pers and 48 secondary helpers recorded so far,
the two types scem to be equally frequent at
Lake Victoria.

From the very beginning primary helpers
restrict their assistance to onec pair only, c.g.
helper A to pair 1, helper B to pair 2 (Fig. 1).
But secondaryv helpers, such as C, itiaily ap-
proach various pairs, ¢.g. pairs 3, 6 and 7. And
one pair, such as 6, may be visited by sevecral
different potential helpers, c.g. C, E and F.
During their attempts to join various pairs the
secondary helpers are initially repelled, particu-
larly by the males of the breeding pairs. But
if persistent, they arc ultimately accepted at one
hole or another 3-7 days afier the young have
hatched, e.g. C at 7 and E at 6. Thereafter they
restrict their activities to this particular pair.
They switch to another pair only if breeding 1s
unsuccessful, as do primary helpers if their
parents fail to raise further offspring.

BREEDERS

Fig. 1. Schematic representation of associations between
helpers {A~F) and brecding pairs (1-7) at the beginning
of a breeding scason. ?=unmarked bird. Secondary
helpers C and D are bracketed to indicate that they arc
brothers joining different pairs.
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After the young had hatched there was never
more than one primary helper per pair, but up to
four secondary helpers were found, sometimes in
addition to the primary helper.

Relatedness between Helpers and Nestlings

Through colour-banding over 8 years the
descent of 24 primary helpers and 27 secondary
helpers could be established. Primary helpers
proved to be the 1-3-year-old sons of at least
one bird from the breeding pair they assisted
(Table I). This means they invested in full-
half-siblings. There were only two exceptions to
this: at each of two nests, one yearling whose
parents were no longer there assisted the secon-
dary helper (now a breeder) that had helped
raise him the year before. The average coefficient
of genetic relationship between primary helpers
and nestlings (rpu) was 0.32 (sp=0.16, n=24).
Similar values have been calculated for other
birds (Gaston 1978a; Rowley 1981; for fish
helpers see Taborsky & Limberger 1981).

Secondary helpers, on the other hand, ap-
nroached various pairs and apparently remained
where thcy were first tolerated. None of the 27
szcondary heipers was the son of any breeder he
Jjoined and 1n most cases his parents were not
even in the colony (Table i). Also the colour-
banding showed no evidence for any other close
genetic rcIatcdmxs down to the level of 1/8. Of
course it could be argucd that relatedness of all
colony members is fairly high, due to inbreeding.
In fact, one condition that would favour in-
breeding, namely hittle migration between colon-
ies, seems to be fulfilled, at least in. adult pied
kingfishers.

The extent of migration was estimated by
two different methods.

(1) In 1979 and 1982 a total of 351 adult pied
kingfishers were checked in threc neighvouring
colomcs lying 2, 4 and 9.5 km away from the
main study area at Lake Victoria. Only one
female marked as an adult in one colony moved
to the nearest other colony. This very limited

Table I. Fthuenc Distribution of Primary and Secondary

Helpers in Relation to Preseace of Parents

Present:

Both  Father Mother No

parents  only only  parent
Primary hclper 9 9 4 2
Secondary helper 0 4 0 23

extent of colony change under natural conditions
was supported by observations under ‘experi-
mental’ conditions at Lake Naivasha (Kenya).
Here three males and four females had been
ringed in 1981 in a small colony where no
breeding was possible in the subsequent year as
the banks had been fortified. In 1982 two of
these males and three of the females appeared in
a new, artificially-created colony some 1.5 km
away from the former one. Allowing for mor-
tality this probably represented the total remain-
ing marked population. Thus, even when birds
are forced to move they seem to choose the
nearest alternative, so it is unlikely that at Lake
Victoria a significant proportion of birds had
moved to colonies lying farther than 9.5 km
from the main study site. This allows the use of
return rates as a measure of survival. (2) Regular
counts in our study colony at Lake Victoria sug-
gested great year-to-year stability of the popu-
lation with 36, 34, 37 and 37 males (x=36) and
27, 26, 30 and 26 females (x=27) in 1980, 1981,
1982 and 1983 respectively. Because of this stabi-
litv. plus seasonal reproduction, and the known

‘age of several marked birds, mean adult survival

ot males could be calculated from the number of
breeding adults surviving into the next year (n=

26), divided by the number of their Surviving

male yearlings plus adults (7=>50; sec Vehren-
camp 1978). The resulting figure is 52.0%,
similar to the fraction of male brwdem returaing
the year after ringing (60.5%,, Table IfI). Thus
adult male mortality seems to be compensated
by juvenile males from the same colony.

For females the above method of calculating
survival could not be used as juvenile females,
in contrast to juvenile males, do not return to
their natal area (Reyer 1980). Consequently adult
female mortality must be compensated completely
by juvenile females immigrating from other
colonies. This, plus the fact that incestuous
matings were never observed (see below), renders
inbreeding an insignificant factor. Therefore the
average inbreeding coefiicient (#) of 0.023, cal-
culated for other colonial species (Barrowclough
1980) was applied to pied kingfishers. Using the
formula r=2F/(1+ F) (Brown 1574) the average
cocflicient of genetic relationship between a
secondary helper and a random individual he
helps to rear (rsn) is 0.05. This is about six times
lower than the rpn 0f 0.32 between primary helpers
and nestlings.

The above values of rpyn and i, hold oniy if
helpers do not father any of the nestlings they
rear. As pied kingfisher copulations are preceded
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by shrill, repeated calls and frequently occur
in the open, they are easier to detect than in many
other bird species, including cooperative breeders.
From observing 53 copulations between identi-
fied individuals I have no indication that females
copulate with helpers. Without any exception
they were mounted by their respective mates. In
only one case did a primary helper attempt to
mount his stepmother but he was rejected.
Chances of mating for secondary helpers may be
even lower because breeding males did not
tolerate them in the vicinity of their females and
nests until the young had hatched. Although these
observations do not rule out any genetic contri-
bution by helpers [ consider its probability small
enough to be disregarded.

Contribution of Breeders and Helpers to Breod-
care

Because of their early association with
breeders, primary helpers engage in some activi-
ties that are not open to secondary helpers;
among these are chasing away competitors for
nest-sites and the regular feeding of male and
female breeders prior to egg-laying (Reyer 1980).
In addition to these qualitative differences,
quantitative differences in nest-guarding and
food contribution occur once the young have
hatched.

Nest-guarding. Guarding the nest against
predators such as snakes (Naja sp.), monitor
lizards (Varanus niloticus) and the ichneumon
(Herpestes sp.) 1s an important activity in pied
kingfisher broodcare (sec also Douthwaite
1978). Attacks on such predators could rarely
be observed directly; even when this was pos-
sible the confusion caused by several birds
whirling around made it difficult to tell which
individuals contributed most. Therefore the
following less direct measure of nest-guarding
had to be used. After feeding a fish to a nestling,
adult birds usually remain near the nest-hole
for some time, watching the colony from a
prominent perch. The time between leaving the
nest and departing for the lake was defined as
nest-guarding. Figure 2a shows that, according
to this measure, secondary helpers invest less
than all other birds, whereas there is no signifi-
cant difference between male breeders, female
breeders and primary helpers.

This result is paralleled by one from an experi-
mental situation. In order to measure the energy
expenditure of feeding adults (see Discussion),
some breeders and helpers were caught in the
late afternoon, measured and weighed, injected

with doubly-labelled water, blood sampled and
then released about 1.5 h after catching. The
day following this procedure all five primary
helpers and 10 out of 12 breeders resumed feeding
nestlings, but only 1 cut of 5 secondary helpers
did so. The differences between secondary and
primary helpers and between secondary helpers
and breeders are significant (both P<0.027;
two-tailed Fisher exact probability test). Thus
secondary helpers do not only spend less time in
guarding, they also secem to take fewer risks
than parents and primary helpers.

Food contribution. Feeding of 11-20-dav-old
nestlings was monaitored from 0630 to 1830 hours
with respect to number, type and size of fish
taken into the nest by individually marked
birds. Of all food items 67.89% (n=410) were
comprised of Cichlid fish such as Haplochromis
and Tilapia, 27.3%, of Engraulicypris argenteus
(Cyprinidae) and 4.99% of Nile perch (Lates,
Centropomidac), catfishes (Siluridae) and un-
identified species. Fish intended for feeding
young are always carried parallel to the beak,
head foremost. This allows calculation of actual
fish size from photographs of birds with known
beak length:

BL-Fp
SLeioo — (H
B,

Here SL is the standard fish length (mm), BL
the actual beak length, £}, and B, are the pictured
lengths of fish and beak. Because of differences
in body shape Cichlids and Engraulicvpris
of the same length do not yield the same meta-
bolic energy. Sizes were therefore converted
into kcal by establishing a regression between
SL and dry weight and by measuring the cnergy
content per g dry weight through bomb calori-
metry. Results are shown in Table II.

Based on these results, the average energy
content/fish taken to the nestlings was calculated
for each feeding adult separately. By mul-
tiplying this value by the total number of
fish that the particular individual took in to the
nest/day his total energy contribution was cal-
culated for that day. Because of deviations from
a normal distribution, the means and 959
confidence limits were calculated after log-
transformation of these data, and then retrans-
formed into a linear scale. The same method of
calculation was used for all other means and
confidence limits given in this paper.

Results are shown in Fig. 2b, ¢, d. There is no
significant difference between the contributions of



REYER: INVESTMENT AND RELATEDNESS . 1167

a) nest-guarding [ min ] b) fish/ad x day

53 18,3
L+ J( 16+
3‘ 12‘ g
== :
2 §§ 8
-
14 % 4]
=
=
04 04
g & 2 ph sh
12 1T 9 9 6
(4) (&) - (12)
c) Kcal / fish d) Kcal /ad x day

82.0 96.0
L

80+
gE
= B
EE
601 E3
%"E
§
L] B
1 E
=
204 g
| B
E
0- =

<)
8

Fig. 2. Investment of breeders (&, %), primary helpers (ph)
and secondary helpers (sh) in (a) nest-guarding (b) feeding
with respect to number of fish/day, (c) energy content/
fish and (d) total energy/day. Shaded bars and thin
vertical lines: pairs with two or less than two helpers;
black bars and thick lines: pairs with more than two
helpers. Bars represent means, vertical lines 959, con-

fidence limits. Bars are connected by horizoatal lines if

the diffecrence between them is sigaificant (continuous

breeders and primary helpers, whether we
lock at number of fish (Fig. 2b), energy content/

" fish (Fig. 2c) or total cnergy/day (Fig. 2d).

Secondary helpers, however, contribute less.
Differences are more pronounced for number of
fish and total energy/day than for cnergy/fish.
But even a small size difference can have marked
effects on the time and energy expenditure of
feeding birds.

This was shown by comparing the duration of
feeding trips in relation to prey type. Based on
the results from radio-tracking, absence from
the nest of <30 min was considered a feeding
trip for all individuals except secondary helpers,
who apparently do not hunt at their maximum
capacity. Average durations of feeding trips
were calculated separately for each individual
and for each of the two main prey types. Then
these mean durations were averaged over all
individuals (except secondary helpers).

The results showed that for feeding one cichlid,
birds spend about 45% more time in flying
and hovering than for feeding one Engraulicypris,
including transport to the colony (Fig. 3a).
This probably results from differences in the
biology of these fishes, with Engraulicypris
occurring in schools near the surface and cichlids
living less clumped and in deeper water (Fryer &
lles 1972). Figure 3b shows the mean ratios bet-
ween Engraulicypris and cichlids fed by breeders
and helpers. A ratio of 1 would indicate equal
numbers of both prey types: the lower the ratio,
the lower is the relative number of Engraulicypris.
As such ratios can be biased when sample sizes
are small, individuals with low feeding fre-
quencies/day were pooled until the total number
of fish/day was 10 or more.

No significant difference was found between
prey tvpe ratios of breeders and primary helpers.
But secondary helpers fed relatively more
Engraulicypris than females did, and a similar
trend emerged when they were compared with
male breeders and primary helpers. If breeders
and primary helpers are pooled the difference
from secondary helpers is significant (P <0.01,
U-test, two-tailed). Thus secondary helpers not
only feed fewer fish than breeders and primary
helpers (Fig. 2b), they also feed relatively more
small Engraulicypris than big cichlids (Figs

line, »<0.01; dashed line £<0.05), or tends to be so
(dotted line £<90.10); Mann-Whitney U-test, one-tailed
for comparisons with secondary haivers, two-tailad for all
othars. Numbers under the granhs arc samplz sizes for
pairs with two or less than two helpers and those with
more than two helpers (in parentheses).
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Table II. Relationship between Standard Length (SL, mm), Dry Weight (W4 in g)
and Energy Content (kcal/g Wq) for Cichlid Fishes and Engraulicypris argenteus
from Lake Victoria

Prey type Dry weight

Energy content

r n X SD n

Cichlidae

Laograulicypris log We=0.037-SL—2.320

argenteus

log Wq=20.026-SL—1.461

0.9 95 4515 0.054 3

098 52 4768  0.145 3

The regression for Engraulicypris was recalculated from Doutliwaite (1976): r=

Pcarson corrclation cocflicient.

2c¢, 3b). This means an additional reduction in
the time spent flying and hovering (Fig. 3a)
and consequently a lower cnergy expenditure
(see Discussion). _

The above results are based on data from
breeding pairs with up to two helpers. At nests
with primary helpers the average number of
young was 4.3 (sp=0.9) with an average age of
158 days {(sp=3.0). At nests with secondary
helpers the values were almost identical with 4.5
nestlings (sp=0.8) and 15.0 days of age (sD=
5.1). Thus the low feeding contribution of
secondary helpers cannot be attributed to lower
energy requirements of nestlings (see Royama
1966; Brown et al. 1978; Tinbergen 1981).

Four birds can bring enough food to guaran-
tee the survival of all young hatching from a
normal clutch of five (Reyer 1980, 1982b).
Therefore in groups with three and more helpers
a lowering of the individual burden is to be
expected. For this I have no data on average
fish size and total kcal per adult per day. But
as far as number of fish is concerned the female
15 the first one to profit from additional feeders.
if results in Fig. 2b (shaded areas) are compared
with results from four groups with three to
four secondary helpers each (and no primary
helpers), there is little difference in the contri-
butions of male breeders and secondary helpers
(Fig. 2b, black areas), but the females’ contri-
bution decreases significantly (P=0.05, U-test,
one-tailed). Similar observations have been
reported for other species with a surplus of
males (Rowley 1981). This supports the predic-
tion that with a skewed sex ratio, reduction of
investment is favoured in the rarer sex (Maynard-
Smith 1977).

The Effect of Feeding Young on Survival
Based on Fig. 2b, the encrgy expenditure for
males of different status in one year was ranked

from high to low. This was then compared with
the proportion of birds returning to the same
colony the following vear (Table I11), which, with
hardly any emigration, is a reliable measure of
survival (see above). For males there is a signifi-
cant negative correlation, indicating that higher
investment indeed Icads to lower survival
(rs=0.900, P=0.05, Spearman rank correlation,
one-tailed). For females this seems true only if
those birds that raised offspring with not more
than one helper arc compared with those not
having bred at all. But survival of breeding
females with two or more helpers 1s not only
higher than that of females with not more than
one heiper, which is to be expected because of
the reduction in number of feeding trips (FFig. 2b,
black area), it is even higher than that of non-
breeding females (y2=4.072, P=0.044). This
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Fig. 3. (@) Time absent from the colony (min) per
Ergraulicypris (E) and cichlid (C) fed to nestlings.
(b) Ratios of Engraulicypris/cichlid fed to nestlings by
breeders (&, 9), primary helpers (ph) and sccondary
elpzrs (sh). For further cxplanation, sample sizes and
significances sce legend to Fig. 2.
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Table IIL. Perccatage of Males and Females Returning to the Same Colony in Relation to thcir Former
Status and Encrgy Expenditure

Breeders with:

<1 helper > 2 helpers Secondary Non-feeding
Primary helpers (x=0.55) (\’: 21) helpers birds
Rank 1 2 3 4 5
Males 47.4 (19) 58.6 (29) 64.3 (14) 73.1 (26) 70.1 (77)
Females — 44.8 (29) 85.7 (14) — 56.7 (69)

Numbers in parentheses are sample sizes. Numbers -5 are ranks of energy expenditure from high to low.
x refers to the average number of helpers in the respective category.

test whether this difference is mainly a

surprising result can probably be explained by To

the fact that in larger breeding groups females
regularly beg fish from secondary helpers. One
female for whom an almost complete time
budget over 2 days is available was provided with
more fish than she took into the nest. This 1s
likely to improve body condition and survival.

The Effect of Age and Helping on Future Direct
Fitness

The two different helper strategies do not
only lead to different mortality rates (Table 111)
but also to differences among the surviving helpers
in their own future reproductive success. Table
IV shows that in the year following liclping
89.59 of the surviving secondary helpers were
mated, but only 33.39, of the primary helpers
wWere.

Table IV. Number (and Proportion) of Primary Helpers,
Secondary Helpers and Mated Maies in Relation to their
Status during the Previous Season

Following season

Helper

Mated
*revious season Primary Sccondary Total
". Primary helper 3 " 3 3 9
(0.33)  (0.33) (0.33)
.. Secondary helper 17 0 2 19
(0.89) ©) Q.11
. Mated males 61 0 1 62
098) (0) (0.02)
‘omparison 1/2 1/3 2/3
<<0.01  «<0.001 NS

ifferences between categories 1-3 were tested with
isher’s exact probability test (two-tailed) after pcoling
slumns 2 and 3.

result of age (with primary helpers usually
being younger than secondary helpers, Reyer
1980) or a result of helping or both, I compared
vounger versus older helpers and feeding versus
non-feeding potential helpers. Non-feeding pri-
mary helpers can occur when their parents
and several other pairs fail to breed (e.g. in very
dxy years when the soil is too hard for digging

est-holes). Non-feeding potential secondary
hclpcrs mainly resulted from the experimental
interference described in the section on nest-
guarding.

The results (Table V) suggest that in primary
helpers age may be a determinant of mating
chances whereas the act of helping is not. For
secondary helpers the reverse scems to be true:
no age cffect could be found but birds that
had helped showed a tendency to be more
successfui than birds that had not. Thus, con-

Table V. Number of Surviving Primary and Secendary
Helpers Mated in the Fohomn" Season in Relation te (a)
Age and (b) Hﬂlpmﬂ

Primary helper Secondary helper

Mated Not mated Mated Not mated

(2) In relation to aze

<2 yecar 4 8 4 2
>2 vear S 2 10 2
r 0.131 NS

(b) In reiation to helping

Helping 3 6 17 2
No helping 4 8 3 3
P NS 0.069

Sample sizes in (a) are not necessarily identical to those
in (b) or those in Tables IIl and iV as yearling males
cannot only be aged when ringed at birth but also by
their plumage (Rcycr 1989). Pxobxbmugs are derived from
one-tailed Fisher tests.
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trary to primary helpers, the act of helping scems
to improvc a secondary helper’s chance of
getting a mate.

This is supported by the following obser-
vations: out of the 17 former secondary helpers,
seven took over the female they had helped the
year before. In three of thesc seven cases the pre-
vious mate of the female was still alive and in one
case without a new maic. Whether the males
had been dislodged by their former helpers or
whether the pairs had separated voluntarily
1s not known. But once I actually observed at
the end of the breeding season a heavy and pro-
longed fight between a breeder and his secondary
helper. In all scven cases of female take-over
and in eight other instances the breeding site
within the colony was also taken over by the
former secondary helper.

These differences in mating chances between
the two types of helper may result partly from
age differences and partly from incest-avoiding
mechanisms which prevent primary helpers
from mating with their mothers. In the only two
cases in which a primary helper took over the
female he had helped the year before, this was his
stepmother.

From the combined data on survival rates
(Table IT1) and chances of getting a mate (Table
1V) it follows that, with respect to own future
reproductive success, being a secondary helper
i1s a much better strategy than being a primary
one (x*=10.936, P <0.001).

The Effect of Helping on Indirect and Inclusive
ritness

At Lake Victoria helping markedly improved
the reproductive success. Table VI shows the
average number of helpers and fledged young

(in total and per feeding adult) broken down into
four categories; pairs without helpers, with
primary helpers only, with secondary helpers
only and with primary plus secondary helpers.
From these figures I calculated the average num-
ber of fledglings/pair (N) in relation to a bird’s
status:
Ni-ni+ Nj-n;j
N= (2)
ni+nj

Here n; and nj are the numbers of cases in two
of the four categorics of Table VIa and N; and
Nj are the average numbers of young fledging
in the respective categories (Table VIb). If, for
example, a potential primary helper does help
his parents, he can cither be the only one (see
above), which would yield a reproductive
success of Ni=3.57 (n;=11), or he could feed
together with one or more secondary helpers
which would result in Nj=4.57 fledglings (n;=
10), the maximum possible number (Reyer 1980).
If he does not help his parents, these could either
end up without helpers (Ni=1.82, n;=19) or
with secondary helpers only (Nj=3.71, nj=11).

The resulting figures for N are given in Table
VII for primary and secondary helpers together
with the cocflicients of relatedness already cal-
culated, the average number of helpers, H,
(Table Via) and thc probability, g, of being a
primary or secondary helper. Assuming that
a yearling male can adopt the strategy he chooses,
g=1 1n the first year; in subsequent years g
1s the product of survival rate (Table IIl) and
the probability of the respective status (Tables [V
and V). Table VII also shows the values for
direct (D) and indirect fitness (/) resulting from
the different strategies. They are expressed in

Table VI. Average Number of Helpers (a) and Fledglings (b, ¢) per Nest for Pairs with Different
Types of Helpers or No Helpers

Scecondary helpers only Primary -+ secondary helpers

No helpers Primary helpers only

(a) No. helpers per nest
X 0 1.00
SD 0
N 19 11
(b) No. fledglings per nest
X 1.82 3.57
sD 0.60 0.53
N 18 7
(c) No. fledglings per feeding adult and nest

0.91 1.19

1.45 1.00 1.20
0.69 0 0.63
I 10 10
3.71 4.57

0.76 0.98

7 7

1.08 1.09

Data include those published in Reyer (1980).



Table VIL. Direct (D), Indirect (1) and Inclusive Fitness (W) of Primary Helpers, Secondary Helpers, First-year Breeders, and Delayers during their First Year,
Second Year and First and Second Years Combined

Average no. of fledglings/nest} Gain in fitnesstt
Probability Average no. Coefficient
of status with help without help With breeding  of helpers§ of relatedness** Direct Indirect  Inclusive
Year Code* (g1 (N2 or N'g) (N1 or N1) (No) (&) (rorr’ (D) ({ori) W)
Primary helper
1 a 1.00 4.05 2.51 — 1.00 0.32 0 0.49 0.49
2 a 0.16 4.05 2.51 — 1.00 0.21 0 0.05 0.05
2 b 0.16 4,12 2.46 — 1.33 0.05 0 0.01 0.01
2 c 0.16 — — 2.51 — 0.50 0.20 0 0.20
2 d — 3.48 314 — — 0.21 (0.16) 0 0.23 0.23
Total 0.20 0.78 0.98
Secondary helper
1 b 1.00 4.12 2.46 — 1.33 0.05 0 0.06 0.06
2 c 0.65 — — 2.51 —_ 0.50 0.82 0 0.82
2 d — 3.48 3.14 —_ — 0.0S (0.05) 0 0.02 0.02
Total: 0.82 0.08 0.90
First-year breeder
1 c 1.00 — — 1.88 — 0.50 0.94 0 0.94
2 C 0.46 - — 2.95 — 0.50 0.68 0 0.68
Total: 1.62 0 1.62
Delayer : 0.23 —_ —_ 2.51 —_ 0.50 0.29 0 0.29

*Code: a=primary helper; b=secondary helper; c=breeder; d=long term effect on recipients of help.

+¢==probability of becoming a primary helper, sccondary helper or breeder.

t N=average number of fledglings/nest with help (V2), without help (V1) and as parent (No); N’=~average number of fledglings/nest for a breeding pair
that has been helped the year before (N'2) or not (N')).

§H =average number of helpers/breeding pair: 1.33 is the mean number of secondary helpers averaged over pairs with primary plus secondary helpers and
pairs with secondary helpers only (from Table VI).

*xp =coeflicient of relatedness between a bird and the young he rears: r’==cocfficient of relatedness between a bird and the young of a breeding pair if he
helped that pair the year before (e.g. 0.21) or not (e.g. 0.16).

+1 D =gain in direct fitness; /, i=gain in indirect fitness; W=gain in inclusive fitness.

For further explanation see text.
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terms of genetic equivalents and were calculated
frem the following formulas (modified from
Brown 1975):

direct fitness: D=gqg-Nq-r (3a)

N2— Ny
—r (3b)

indirect fitness: /=q-

Equation (3b) describes the helper’s immediate
effect on its indirect fitness through improving the
breeders’ repreductive output during the year of
help. But its help has also a long term effect on its
own survival, options and success in subsequent
years. From Table VII it follows that a bird start-
ing as a primary helper has an equal chance of
(but different expected fitness gains from)
becoming a primary helper (code a), a secondary
helper {b) or a breeder (c) the following year,
whereas secondary helpers are most likely to
become breeders. In any one year the sum of the
expected fitness gains from the respactive strate-
gies gives the total expected gain. (Strategies
which do not occur, e.g. a first-year secondary
helper becoming a second-year primary helper,
or yield genetic equivalents of less than 0.01 on
average, e.g. a first-year breeder becoming 2
second-year secondary helper, have been omitted
from Table VII.)

A further increase in the helper’s future in-
direct fitness can arise from a long term improve-
ment in tiie breeders’ reproductive success by
(a) ‘suppiying’ them with more primary helpers
for the next year and (b) enhancing their survival.
With regard to (a), a primary helper increases
the number of fledglings by 629 (4.05 versus
2.51, Table VII). With an even sex ratio among
the nestlings (Reyer 1980) this leads to 31 %, more
vearling males, 659, of which become primary
helpers (n=234). The resulting 209, increase in
primary helpers raises the proportion of pairs
with primary plus secondary helpers from 15.6
to 29.99 and that of pairs with only primary
helpers from 21.6% to 32.09, —if the 209
increase is divided between these two groups
according to their relative frequencies in Table
VI. Correspondingly, the proportion of pairs
with no helpers decreases from 37.39%, to 24.3%
and that of pairs with only secondary helpers
from 21.69 to 14.19%. From the proportion of
parents in each of the four categorics in Table
VIa and from the average reproductive success
in these categories (Table VIb) the number of
young fledging the year following helping

(N'2) and non-helping (N';) can be calculated
(equation (2) extended to include all categories).

With regard to (b), it follows from Table I
that one helper improves the survival of a male
breeder by an average of 3.49 (=(64.3-58.6)/
(2.21-0.55)), and that of a female breeder by
24.6%, (=(85.7-44.8)/(2.21-0.55)). Thus, by
helping his parents or any other breeding pair a
helper increases the probabiiity that the same
mates will breed again and consequently he in-
creases the coefficient of relatedness between
himself and future voung of that pair (r's) over
that of a non-helper (#1). In Table VII r'3 and
r'y (in parentheses) are listed under code d. The
general formula for calculating »* is:

"':[m'[l“-"’;'([m'(flfJ-‘dm'[f)"'/—2 (4)

Here /n and /¢ are the proportions of male and
female breeders, respectively, surviving to a
particular year, dn and df (=1—[) are the
proportions of birds dying, and r is the coefli-
cient of relatedness between the helper and the
offspring during the year of help. Resulting
from that help the helper gains an additional
future indirect .fitness [ which can be mathe-
matically expressed as:

1= l‘\/l-g-l'lz—N'yl"l (5:

The i values are listed in Table VII[ under code d.
Together with the immediate gain in indirect
fitness (/) and the direct fitness gain {D) they givc
the inclusive fitness i,

Also given in Table VII arc the figures for
birds that, during their {irst year, neither breec
nor help (‘delayer’). In this catcgory, mating
chances of non-helping primary helpers (Tablc
Vb) have been used to calculate ¢ for both primar
and sccondary helpers, as this probably reflect:
the chances of yearlings better than the figurc
for non-helping potential secondary helper:
(Table Vb) which arc usually older.

The differences in direct fitness (4D) anc
indirect fitness (4{/+i)) between a helper and :
delayer can be used to cxpress the relative impor
tance of indirect fitness in the decision of a birc
to adopt the helping strategy (Vehrencamp 1979
Brown, in press):

A(T+1)
fe=— — (6
A([+i)+4p

For secondary helpers this results in /,=0.1
which means that 879 of the inclusive fitnes

after 2 years arises from personal advantage
gained through helping as opposed to 139 fror
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investment in kin other than own offspring. For
primary helpers, however, an index of Jx=1.13
was found. As indices greater than one can only
occur if 4D is negative (as in Table VII: 0.20—
0.29=—0.09), the result suggests that primary
helpers sacrifice their personal reproduction
for the benefit of relatives. The reliability of the
above figures will be discussed later (see Discus-
ston).

First-year Breeders and Best Reproductive Stra-
tegy

{n Table VII I have also attempted to cal-
culate the inclusive fitness of males that mate
and breed in their first year. As first-year breeders
arerare (#=23), and no data about their reproduc-
tive success are available, this calculation can be
only a very rough estimate based on the following
assumptions:

(1) A yearling breeder can have no primary
helpers; thus theoretically his reproductive
success could be 2.51 (Tabie VII). But as an in-
experienced bird will probably raise fewer young,
this figure was reduced by 259, to 1.88 (sce
Woolfenden 1974; Rowley 1981).

. (2) Survival into the next year is the same as-

for a yearling primary helper (Table II).

(3) The probability that a surviving mated
yearling will have a mate in the following year is
the same as for other mated males (Table IV).

(4) Allowing for the above-mentioned 259
lower reproductive success during the first year,
the number of young fledging in the second
year can be calculated as outlined in the previous
section.

According to Table VII, delaying helping or
breeding for | year is inferior to all other stra-
tegics. The best strategy for a yearling male is to
breed. And indeed, in all cases where an un-
mated female appeared in the colony after the
beginning of the breeding season, she was
immediately joined by a surplus male who had
previously helped or tried to help.

Sccond to breeding, being a primary helper
seems to yield the highest inclusive fitness. Al-
though the difference from secondary helpers is
small, this result is also in line with behavioural
observations. If at least one parent is around, an
unmated male will remain as its primary helper
instead of becoming a secondary helperelsewhere.

There seem to be only two situations in which
a bird will leave its parents to join other pairs.
One is when the parents fail to breed and the
other is when, at the beginning of the breeding
season, another primary helper is also present.

Three breeding pairs which arrived with two
primary helpers each were assisted by both birds
only during the first stages of the reproductive
period. When one pair failed to breed, both
primary helpers left. In the other two pairs, one
helper of each left to become a secondary helper,
although the parents had a clutch of eggs,
while the brother remained as a primary helper.
These observations are consistent with expecta-
tion. The second primary helper can increase
the number of surviving siblings only with regard
to the number that hatches (N2=4.6). But even
without his help, an average of N1=4.05 will
fledge and the survival of his parents will be
improved due to the contributions of his brother
and of secondary helpers, joining his parents
with a certain probability (calculated from equa-
tion (2) and Table VI). According to formula 3b
this reduces his benefit from indirect fitness to
A47I=0.20 and his inclusive fitness after 2 years to
0.44. As this value is much lower than that for
the first primary helper and that for a secondary
helper, switching pays. In the above calculations,
differences in mating chances (as a preliminary
measure of reproductive success) are the main
reason for differences in inclusive fitness. Results
could change if the reproductive output of
mated birds differed with age, either directly or
indirectly through the number of helpers assist-
ing. My data are not sufficient to test such a
possible influence thoroughly, but if it is there,
it does not seem to be very pronounced. The
average number of young raised to fledging
(irrespective of number of helpers) is 3.3 (sD=
1.4, n=17) for 2-year-old males and 3.5 (sp=0.8,
n=12) for males of 3 years and older.

Discussion

The foregoing cost/benefit analysis has shown
that helping in the pied kingfisher cannot be
considered a uniform phenomenon. For secon-
dary helpers it appears to be a possible way
to improve their own future reproductive suc-
cess (=direct fitness). But a distinction must be
made between the personal advantages (and
disadvantages) of associating with a breeder
(e.g. in his territory) that have been shown to
exist in several species, and the effects of helping
per se that have never been demonstrated
(Taborsky 1984; Brown, in press). Although
the result of Table Vb is not conclusive either, it
at least suggests that in secondary helpers the
act of helping may raise their direct fitness over
that of non-helping birds.
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This possible augmentation probably arises
from the secondary helper’s chances of developing
a bond with a female (by feeding her) and of
becoming accepted by neighbours through its
association with an established pair. Generaliz-
ing Gaston’s (1978b) hypothesis that in group-
territorial species helpers ‘pay’ for consuming
resources, here the act of helping may be con-
sidered the ‘payment’ for being tolerated by the
resident male.

Where for ccological reasons a breeder’s
fitness cannot be markedly improved by helpers,
the potential disadvantage of being dislodged
by a secondary helper may prevail. The ‘payment’
1s no longer accepted and the secondary helper
driven away. This happens at Lake Naivasha
and clearly illustrates the existence of a breeder—
secondary helper conflict (Emlen 1978, 1982b;
Reyer 1980).

In primary helpers the situation is different.
Compared with secondary helpers they seem to
sacrifice their personal reproduction for the
benefit of relatives. This has never been shown
for a cooperatively breeding vertebrate. Are
primary helpers really altruists sensu Hamilton
(1964)? :

Besides some simplifying assumptions about
dispersal and survival, and in calculating coefhi-
cients of inbreeding and relatedness (Markl 1980)
a weakness of this study is the small sample
size for some of the variables. This also forced
me to analyse 2 years only instead of whole life-
times, and to use some crude measures of fitness
stuch as number of fledglings, or even prebability
of getting a mate, instead of the number of young
surviving to reproductive age. How do such
simplifications affect the results?

Although there is good evidence that for adult
pied kingfishers more than 1 year old in general,
movement is extremely conservative (see above),
dispersal could be differential, mainly involving
primary helpers with few chances at home. If,
for example, we assume that by moving to another
colony a primary helper has a 50 % higher proba-
bility of obtaining a mate than stated in Table
IV, a relative importance of indirect fitness, Iy =
0.57 instead of 1.13 will result. But for two
reasons I feel that breeding in other colonies is
no more probable (and successful) for primary
helpers than for other males. () In all colonies
recorded so far there is a high surplus of males,
probably resulting in strong competition for
females (Douthwaite 1978; Reyer 1980). It
seems unlikely that a bird who fails to get a mate
in his familiar area will be more successful by

dispersing to an unfamiliar one. Breeders re-
turning to the same colony nested almost without
exception within a few metres of their previous
site, although the colony stretched over more
than 500 m. And 889, of secondary helpers
nested where they had helped the year before
(see above). Thus there seems to be a strong
‘home advantage’ effect. Also, breeding in
colonies makes it easy to associate with several
birds, and thus allows choice among altcrnative
possibilities without moving to other areas, as
birds with all-purpose territories have to do.
(b) The assumption that the low return rate of
primary helpers indeed reflects low survival is
supported by the significant correlation between
energy expenditure and return rate if other males
are included (Table III). Preliminary results from
a doubly-labelled water technique (Lifson &
McClintock 1966) indicate that the total feeding
contributions shown in Fig. 2d result in an aver-
age daily metabolic rate (ADMR) of 4.0 x BMR
(basic metabolicrate) for secondary helpers and of
4.9-5.2 x BMR for brecders and primary helpers
(Reyer & Westerterp, in preparation). Studies on
other birds have suggested that 4x BMR may
represent some sort of enecrgetic threshold not
to be exceeded for long periods without a decline
in body condition that may finally reduce survival
(Drent & Daan 1980). This apparently holds for
pied kingfishers also and for primary helpers in
particular, which secm to exceed the threshold
by about 259%.

I consider differences in energy expenditure
between primary and secondary helpers to be
more important than differences in nest-guarding
risks (Fig. 2). Although birds in the nest can
fall victim to predators (probably one rcason
why mortality of females is higher than that of
males), this will not affect helpers as they neither
incubate eggs nor brood young. And outside
the nest, adult pied kingfishers are unlikely to bc
caught by terrestrial predators as they fly fast
and skilfully.

Another reduction in the relative importance of
indirect fitness could arise if personal benefits
from being a primary helper became obvious
only after the 2 years considered here. Such
benefits might include increased experience and
improved energy budgets, finally resulting in
more surviving offspring per clutch and/or

iore clutches per lifetime. Although there is
evidence from other studies that experience can
be important for reproductive success, its effect
on males is usually smaller than on females and
decreases sharply with the number of broods
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(Woolfenden 1974; Rowley 1981). Previous
helping may therefore have some costs and bene-
fits for a bird’s first breeding season, but there-
after it is unlikely to remain significant. This is
supported with respect to mating chances
by the result that once a male pied kingfisher gets
a mate he is likely to remain mated (Table IV).
Expressed in terms of equation (6), 4D and
A(I+1i) (the differences in fitness between a
helper and a nonhelper) quickly approach zero
and Iy does not change any more, irrespective of
the bird’s future reproductlon

If the amount of experience depends on the
amount of helping, then secondary helpers will
start breeding with less experience than primary
ones, unless they have been primary helpers be-
fore or part of the shortcoming is compensated
for by age. Thus the number of fledglings a
secondary helper raises in his first breeding
season may not be 2.51 (Table VII) but rather the
1.88 of an inexperienced first-year breeder.
This would reduce his inclusive fitness after 2
years from 0.90 to 0.69 which is 30 % lower than
that of primary helpers.

It is interesting to note that, with the immedi-
ate effects of helping considered alone, the
primary helper strategy would have appeared
less advantageous than the secondary helper
strategy. It i1s mainly the helper’s long-term effect
on its parents survival and reproductive success
and on its own future indirect fitness that makes
its strategy superior. This bears out findings on
other birds that lightening the load of breeders is
of major importance (Brown et al. 1978). A
further but smaller benefit in indireci fitness
arises from the fact that a bird remaining un-
mated can serve as a primary helper for more
than one year (see Gaston 1978a; Stallcup &
Woolfenden 1978; Brown & Brown 1981;
Rowley 1981).

The importance of indirect fitness for primary
helpers is further supported by the observation
that when two primary helpers per pair are
present, one leaves to become a secondary helper.
Although an additional bird would increase the
overall reproductive success, it would lower the
indirect fitness gain on a per capita basis (see
equation (3b)). Such a negative correlation bet-
ween group size and per capita success exists
in almost all cooperative breeders (Koenig &
Pitelka 1981), but I know of no corresponding
observation in any other species. However, most
cooperative breeders live in all-purpose terri-
tories (Brown 1978) which probably offer so
many advantages for the helper’s own survival

and/or reproduction that staying pays, even if
the indirect fitness component approaches zero
(Brown 1978, in press; Emlen 1978, 1982a;
Woolfenden & Fitzpatrick 1978; Koenig &
Pitelka 1981; Ligon 1983; Taborsky, 1984).
But in colonial species with common hunting
grounds, such as the pied kingfisher, benefits
from remaining with the parents must be
greatly reduced. This will make the effects of
indirect fitness more obvious.

The most important reason for the high gain in
indirect fitness for primary helpers lies in the time-
and energy-consuming hunting method of pied
kingfishers. This impairs the survival of parents
and drastically limits their possible feeding rate,
leading to a low nestling survival. Through
their assistance, primary helpers markedly im-
prove survival of both their parents and their
siblings.

Some authors have warned that a positive
correlation between group size and nestling
survival does not prove a cause—effect relation-
ship, as both could result from differences in
habitat quality and/or parents’ age (Brown &
Balda 1977; Brown et al. 1978; Lewis 1981).
Habitat differences are unlikely in colonial
pied kingfishers as birds defend only the area
immediately surrounding the nest and all colony
members hunt in the same area. Age differences
seem to be small. More important are number
and types of helper (Table VI). The improvement
in survival per secondary helper is lower than
that per primary helper (1.30 versus 1.75) which
is consistent with the differential feeding contri-
bution of the two helper categories (Fig. 2).

Further data are needed to show whether the
calculated values for the relative importance of
indirect fitness are good estimates or whether
they are too high or too low. Although any
I <1 would preclude use of the term altruism,
it would probably not change the finding that the
relative benefit from indirect fitness for primary
helpers is much higher than for secondary ones,
and also than for any other cooperatively-
breeding vertebrate for which similar indices have
so far been calculated (Vehrencamp 1979;
Rowley 1981).

Some authors have cautioned that a high
proportion of indirect fitness is no proof of the
operation of kin selection, even if the helper’s
direct fitness is reduced. They maintain that
there are alternative explanations (Vehrencamp
1979; Emlen 1981; Koenig & Pitelka 1981;
Ligon 1983) such as group selection, parental
manipulation and reciprocity. But group selection
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works only when demes are no bigger than
10-20 individuals, have a foundation and extinc-
tion rate of about 509 per generation and less
than 59 gene flow per gencration (Wilson
1975; Maynard-Smith 1976). These conditions
definitely do not apply to the pied kingfisher and
thus the relative importance of group selection
must be low.

Parental manipulation is difficult to imagine
as a breeder will hardly be able to force his son
to stay as a primary helper. But there may be
subtle forms of manipulation such as tolerating
sexual interactions with the female, which could
result in shared paternity (Stacey 1979; Emlen
1982b). Helpers have been observed copulating
in a variety of birds and mammals. I have no
corresponding observations for pied kingfishers
although their early association with breeders
gives primary helpers the chance to copulate.
Yet, even if they did, they might not be able to
fertilize eggs, as their average androgen titre is
even lower than that of mated non-breeding males
(Douthwaite et al., in press; Reyer & Dittami,
in preparation). This could refiect some sort of
psychological castration of primary helpers by
dominant males (see Brown, in press), as year-
lings not associated with older birds are quite able
to breed successfully (Reyer 1980).

Reciprocity as a mechanism of selection for
helping requires small stable groups with long-
lived members, recognizing each other individ-
ually and frequently encountering the same
participants with which they change roles as
donors and recipients of help (Trivers 1971;
Axelrod & Hamilton 1981). Cases of reciprocity
in cooperative breeders involve helpers recruit-
ing the young they helped to rear and interactions
between adult birds (Brown 1978; Ligon &
Ligon 1978; Emlen 1982b; Ligon 1983). But
the relatively high mortality of pied kingfishers,
combined with seasonal breeding, reduces the
probability of role reversal between adults. This
1s particularly true for yearling primary helpers,
which may not attain breeding status unti] the
recipient of his help has died. The low probability
of breeding the year following helping (Table I'V)
also makes it unlikely that a primary helper will
recruit a helper from the young he helped to
rear. In fact, both cases in which such a recruit-
ment occurred involved a secondary helper. As
secondary helpers also recruited females and
took over nest-sites, reciprocity seems a more
likely explanation for their assistance than for
that of primary helpers (sec Ligon 1983). More-
over, reciprocity requires low costs of helping

(Trivers 1971; Axelrod & Hamilton 1981),
which may apply to secondary helpers, but
definitely not to primary ones.

From these arguments I feel that indirect fit-
ness gain is still the most likely explanation for
the behaviour of primary helpers. This is not
saying that helping is superior to breeding. Table
VII and the birds’ behaviour when a breeding
opportunity occurs show that the reverse is true;
tius also holds for most other cooperative brecders
(Brown 1974; Koenig & Pitelka 1981; Emlen
1982a). But if for ecological and/or demographic
reasons the chance of successful reproduction is
sufficiently restricted to make helping a better
alternative than merely waiting, relatedness is
the most important factor determining the invest-
ment of pied kingfisher helpers. The different
coefficients of relatedness that lower the thresh-
hold for helping differentially must be the main
explanation why surplus males prefer the pri-
mary helper strategy, with a high cost/benefit
ratio to their own reproduction, over the secon-
dary helper strategy with a low ratio.
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