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Abstract. We used multi-locus DNA fingerprinting to determine the parentage of 13
broods of Bell Miner (Manorina melanophrys) nestlings. Despite very large contingents of
male helpers attending individual nests and living in close proximity to breeding females,
we found only one instance of extra-pair paternity in 24 nestlings. The genetic father of the
extra-pair nestling was not among the males in our study population. The majority of helpers
(67% of 52 cases) were close relatives (r > 0.25) of at least one parent of the brood being
provisioned. Helpers were more often closely related to the male than the female parent.
Only 17% of cases involved helpers that were apparently unrelated to either of the parents
of the broods being aided. We conclude that Bell Miners do not mate promiscuously and
that the majority of helpers are close relatives of the breeding pair. Cooperative breeding in
Bell Miners seems to have evolved as a system of collateral kinship among the breeding

birds and helpers.
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INTRODUCTION

Individuals expending time and energy caring
for young that are not their own has long been
recognized as a challenging problem for evolu-
tionary theory. Since the 1970s, an increasing
number of cases of aid-giving behavior has been
documented in a wide range of taxa (Emlen
1991), including approximately 3% of bird spe-
cies, where nonbreeding “‘helpers’ appear to be-
have altruistically by helping to rear young that
are not their own (Brown 1987). Such birds are
said to exhibit cooperative breeding.

One hypothesis to explain the apparent altru-
ism of cooperative breeding is that helpers in-
crease their inclusive fitness by helping to raise
their relatives’ offspring (Hamilton 1964). This
hypothesis has received support from a number
of descriptive studies of cooperatively breeding
birds in which aid-giving has been found to be
preferentially directed toward close kin (Emlen
and Wrege 1989, Komdeur 1994). However,
helpers apparently contribute substantial aid to

! Received 22 May 1997. Accepted 10 December
1997.

nonkin in some species (Clarke 1989, Walters
1990).

Dow (1978) suggested females of coopera-
tively breeding species might obtain care for
their young by copulating promiscuously with
multiple partners. This idea was extended by
Haig et al. (1994) who suggested that frequent
extra-pair copulations could be a component of
the complex social structure found in coopera-
tively breeding species. Females may offer po-
tential paternity to obtain care from otherwise
unrelated helpers. In such cases, helpers should
have paternity, but not necessarily be related to
each other or the social parents at the nest. In
almost complete contrast, Hartley and Davies
(1994) concluded that the number of helpers at
the nest in cooperatively breeding species is less
when helping depends upon shared paternity
rather than on collateral kinship with the broods.

The Noisy Miner Manorina melanocephala
and the Bell Miner M. melanophrys have some
of the largest group sizes described for any co-
operative breeder, with up to 20 helpers attend-
ing a single brood (PSldmaa et al. 1995; D.
Jones, unpubl. data.). Consequently, if Haig et
al. (1994) are correct, these species should have
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high frequencies of extra-pair matings, especial-
ly considering that in both species the vast ma-
jority of helpers are male (Clarke 1989, Dow
and Whitmore 1990). Based upon field obser-
vations of promiscuous mating by Noisy Miners
(Dow 1978), Dow and Whitmore (1990) sug-
gested that the evolution of cooperative breeding
in that species could have involved promiscuous
matings by females. More recently, genetic anal-
ysis of parentage of Noisy Miners has indicated
they have a monogamous, rather than promis-
cuous, mating system (Pdldmaa et al. 1995).

Observational evidence of the mating system
of the Bell Miner is equivocal. Whereas the spe-
cies has only been observed copulating and
breeding in socially monogamous pairs (Clarke
1988), some apparently unpaired male helpers
are probably physiologically capable of mating
(Poiani and Fletcher 1994), some have been ob-
served engaging in apparent courtship feeding
(Clarke 1988, Poiani 1992), and some appear
unrelated to the “owners™ of the nest at which
they provide aid (Clarke 1989). There also has
been one case of apparent intraspecific brood
parasitism (Poiani 1993a). Because high levels
of promiscuity have been found in cooperatively
breeding species previously thought to be mo-
nogamous (Splendid Fairy-wren, Malurus splen-
dens Brooker et al. 1990; Superb Fairy-wren M.
cyaneus, Mulder et al. 1994), it is clearly inad-
equate to assume social parentage of young is
an accurate reflection of genetic parentage.

Our aim in this study is to use multi-locus
DNA fingerprinting to determine the parentage
of Bell Miner nestlings and the degree of relat-
edness between parents and helpers at the nest.
From these results we determine whether the ex-
treme form of cooperative breeding in Bell Min-
ers is associated with promiscuous mating and
low levels of relatedness between helpers and
the social parents at the nest, or a monogamous
mating system, with high mean levels of relat-
edness among the members of the breeding unit.

METHODS
STUDY SPECIES

Bell Miners are a species of honeyeater (family
Meliphagidae) that occur in discrete social units
(colonies) comprising contiguous home ranges,
each occupied by a breeding pair, the young
raised on that home range, and varying numbers
of apparently unrelated, sexually mature, non-

breeding helpers (Clarke and Fitz-Gerald 1994).
Females build the nest and incubate their eggs
alone. Clutch size is 1-3 eggs (mode = 2), and
females may attempt to raise several broods in
one year. Males are philopatric, whereas females
disperse prior to gaining breeding status (Clarke
and Heathcote 1990). Helpers may provision
young belonging to several different pairs, either
simultaneously or sequentially. Even members
of a pair with dependent young of their own may
act as helpers to another pair at the same time.
For our analyses, we defined a family as a
mother, her nestlings, their putative father, and
any helpers that were observed bringing food to
the nest. We grouped families that shared pro-
visioners into coteries (Dow 1978).

FIELD STUDY

We conducted this study within the Coranderrk
Reserve at Healesville, southeastern Victoria,
Australia (37°41°S, 145°31’E, see Poiani 1993b
for a site description) from 27 October 1993 to
7 February 1994. When we found a nest, we
determined its contents and used mist nets to
capture the birds attending it. Each bird received
a unique color combination of three colored and
one metal leg band to permit identification at a
distance. We collected 50-200 pl of blood from
each bird in 75 pl nonheparinized capillary
tubes by brachial venipuncture, and suspended
it in 1 ml of Queen’s lysis buffer (Seutin et al.
1991) and stored it at 4°C. The mother at a nest
was identified by behavior and the presence of
a brood patch (Clarke 1988). The putative father
and helpers at each nest were determined from
daily nest watches of 1-2 hr, during which we
recorded each bird provisioning the nestlings.
Watches were conducted from a hide, starting
from the day of hatching or the time the nest
was discovered and continued until the nestlings
died or fledged.

DNA FINGERPRINTING AND ANALYSIS

We performed DNA extraction and conducted
DNA fingerprinting following Smith et al.
(1991) and P&ldmaa et al. (1995), at the Queen’s
Molecular Ecology Laboratory (QMEL). Fin-
gerprints were organized so that a complete co-
terie appeared on a single gel. For each finger-
print we digested 5 pg of DNA per individual
with Hae III and subjected it to electrophoresis
on a 0.8% agarose gel for 40—44 hr, until frag-
ments less than approximately 1.5 kb had mi-



grated off the gel. In each lane we also ran 20
ng of an internal size marker (lambda DNA;
BstEIl and HindIII/EcoRI - digested cocktail) to
aid electronic scoring (Galbraith et al. 1991).
The DNA was then Southern blotted onto Im-
mobilon-N transfer membranes. All membranes
were probed first with radioactively-labelled Jef-
freys 33.6 (Jeffreys et al. 1985) and then per
(Shin et al. 1985) and finally lambda, to produce
three separate autoradiographs from each blot.

We scanned the autoradiographs as gray scale
images and stored the images on a computer. We
overlaid the standard band profiles from the
lambda autoradiographs on the matching Jef-
freys 33.6 and per autoradiographs and gener-
ated profiles of molecular sizes for each individ-
ual using Gelreader v2.05 (National Center for
Supercomputing Applications, Champaign, IL).
Subsequent electronic scoring followed Pldmaa
et al. (1995) and Yezerinac et al. (1995). Com-
pared across all autoradiographs, the majority of
clearly resolvable bands appeared between 3,500
and 12,000 bp, so we scored only this range. We
performed band-sharing analyses of the Gel-
Reader output using two Visual Basic programs
written by K. E Conrad (copies of the compiled
programs and source code available on request).
Values presented are means = SE.

RESULTS
DETERMINING EXTRA-PAIR YOUNG

The average number of fingerprint bands per in-
dividual for the 13 broods (10 females) we an-
alyzed was 15.28 % 0.29, n = 83 for Jeffreys
33.6, and 15.13 * 0.34, n = 83 for per. The
mean number of bands scored per lane did not
differ significantly between the probes (paired #;,
= 0.40, P > 0.65). In general, although both
probes produced qualitatively similar results,
Jeffreys 33.6 fingerprints were more consistent
in their exposure, clearer, and easier to score.
Therefore we concentrated our analyses on Jef-
freys 33.6 fingerprints and used per only to con-
firm our results.

Among the 24 nestlings fingerprinted and
probed with Jeffreys 33.6, all but 2 had some
bands not shared with either parent (i.e., novel
fragments; Burke and Bruford 1987). Surpris-
ingly, the distribution of novel fragments among
nestlings was skewed but not bimodal, suggest-
ing that there were few or no extra-pair young
(EPY; Fig. 1). Following Westneat (1990), we
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FIGURE 1. Distribution of novel fragments from
Bell Miner fingerprints probed with Jeffreys 33.6. Bars
are the observed frequency of novel fragments, con-
nected points are expected values from a Poisson dis-
tribution calculated from the mean of the frequency of
individuals having four or fewer novel fragments (% =
2.18; see text). The distribution of novel fragments
among birds with fewer than four novel fragments was
not significantly different from the expected Poisson
distribution (x%, = 1.52, P = 0.82).

calculated the mean number of novel fragments
for individuals having four or fewer novel frag-
ments and fitted a Poisson distribution to the
data (Fig. 1). Using this distribution, we calcu-
lated the probability of an individual having five,
six, or seven novel fragments as 0.046, 0.017,
and 0.005, respectively. Thus, in our sampie of
24 nestlings, we would expect only a single in-
dividual with five novel fragments, possibly one
individual with six novel fragments, and none
with greater than six (Fig. 1). A similar result is
obtained if the fitted distribution is based upon
either individuals having three or fewer, or six
or fewer novel fragments. Accordingly, we con-
sidered nestlings having more than four novel
fragments to be potential EPY.

We then calculated band-sharing coefficients
(D; % total bands common between two indi-
viduals; Wetton et al. 1987) of the offspring with
their putative parents to determine whether the
extra-pair nestlings resulted from extra-pair cop-
ulations or intraspecific brood parasitism (West-
neat 1990). To estimate the level of band-sharing
between unrelated individuals, we assumed that
the putative parents of a family unit were not
related and calculated the D-value (0.36 = 0.03,
n =13) between them. From this we calculated
the upper 95% confidence limit, D = 0.43, and
used this as the cutoff between putative parents
and descendent offspring (Fig. 2; Westneat
1990).
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FIGURE 2. Distribution of band-sharing coefficients
(D-values) between nestlings and their putative moth-
ers (above) and fathers (below) versus the number of
novel fragments nestlings possessed. Dashed lines oc-
cur at the cutoff limits of novel fragments (vertical)
and D-values (horizontal) used for determining unre-
lated individuals.

Among the 24 nestlings, we found 2 nestlings
that had more than four novel fragments (Fig. 1
and 2). The first had six novel fragments and D-
values of 0.46 with its mother and 0.60 with its
putative father. However, the high band-sharing
with both the father and mother and the results
from per (novels = 2, maternal D = 0.48, pa-
ternal D = 0.59) suggested to us it was not an
EPY. The second nestling had eight novel frag-
ments and D-values of 0.47 with its mother and
0.29 with its putative father. We therefore ex-
cluded the putative father and considered it to
be an EPY. We then calculated the band-sharing
statistics between the EPY and all males and
helpers in our study, but could not find any male
which resulted in it having four or fewer novel
fragments when compared with its putative par-
ents. The genetic father of the EPY was not
among our samples.

In summary, we found only one family in 13
broods (8%) containing only one EPY (4% of
24 nestlings), but were unable to determine the
nestling’s actual father, either from within its
own coterie, or from our overall sample of
males. In the eight nests where multiple pater-
nity was possible (clutch size > 1), we found all
8 broods were sired by only a single male.

BAND-SHARING BETWEEN FULL-SIBLINGS
AND RELATEDNESS OF HELPERS

We calculated D between each dyad of full sib-
lings in our population (Fig. 3). The value ob-
tained (0.61 * 0.04, n = 15 dyads) was reason-
ably close to the expected mean value of 0.68
(95% CI = 0.65-0.71), estimated from the level
of background band-sharing (Quinn et al. 1994,
p- 520). It also was not significantly different (4
= 1.00, P > 0.33) from the mean value for par-
ent-offspring dyads of 0.56 * 0.02 (n = 23; Fig.
3) as might be expected because full siblings and
parents and offspring have the same degree of
relatedness (r = 0.50).

RELATEDNESS OF HELPERS

In total, 39 individuals served as helpers to 13
broods. Among 91 helper-nestling dyads, the
mean band sharing coefficient was 0.48 = 0.01.
This value is significantly lower than the mean
band sharing coefficient between nestlings and
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FIGURE 3. Mean band-sharing coefficients (= 95%
CI) among different groups of Bell Miners. D-values
for unrelated individuals were calculated between the
presumed unrelated parents of extended family units.
Pair young (PY) had less than five novel fragments
with their parents. The D-values between siblings were
calculated for all pair-wise comparisons of band-shar-
ing between PY within each family. Similarly, the D-
values between helpers and nestlings were calculated
for all pair-wise comparisons of band-sharing between
helpers and the nestlings from nests at which they pro-
vided care. Sample sizes appear at the end of each bar
and the solid vertical line indicates the maximum D-
value we considered to indicate unrelated individuals.
The expected mean value for full siblings (r = 0.50)
was calculated based upon the level of background
band-sharing (Quinn et al. 1994) and is indicated by
the vertical dashed line.
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FIGURE 4. Comparison of band-sharing coefficients
with helpers between parents at the nests where the
helpers provided care. Dashed lines indicating the es-
timated lower 95% confidence limit of D-values of
second-order (r = 0.25) relatives (estimated from
background D, Quinn et al. 1994) divide the graph into
quadrants A-D. The square delineated by the solid
lines in quadrant D contains helpers apparently unre-
lated to both parents (D < 0.43). Helpers falling in
quadrant A are at least second-order relatives of the
father, but are unrelated to the mother. Helpers falling
in quadrant C are at least second-order relatives of the
mother, but are unrelated to the father. Helpers falling
in quadrant B are at least second-order relatives of
both parents. Note that most of the helpers in quadrant
B fall above the line Y = X, suggesting that even these
helpers are more closely related to the male than the
female.

either of their putative parents (¢,,, = 2.87, P <
0.001; Fig. 3). Including overlap of helpers at
multiple families and broods, we recorded a total
of 52 instances of helpers assisting to raise a
brood. For each of these 52 instances, we cal-
culated D between the helper and the parents at
the nest (Fig. 4). Based upon the cutoff value of
D for unrelated individuals and the estimated
ranges for full- and half-siblings (Fig. 3 and 4),
12 (23%) of these instances of helping involve
first- or second-order relatives (i.e., r = 0.50 or
r = 0.25) of both parents (Fig. 4). Nineteen
(36%) were first- or second-order relatives of the
father but not the mother, and only four (8%)
were first- or second-order relatives of the
mother but not the father. Of the remaining
cases, eight (15%) seemed to be more distantly
related to both parents, and nine (17%) appeared
unrelated to either parent (Fig. 4). To summa-
rize, 67% of instances of helping involved close
relatives of the breeding male (r > 0.25), and
only 17% involved helpers apparently unrelated
to either parent.
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DISCUSSION

Female Bell Miners do not appear to copulate
promiscuously to assemble a contingent of un-
related helpers. The large contingents of helpers
and the obligate nature of helping in the Bell
Miner appear to be associated with a monoga-
mous mating system and high levels of kinship
between helpers and recipients of their aid (Har-
tley and Davies 1994). In our study, most help-
ers attending a nest were found to be close rel-
atives of one or both members of the putative
breeding pair. This situation is thought to be typ-
ical of many cooperative breeders (Brown
1987), although it has been verified by molec-
ular analyses of relatedness in only a few species
(Jones et al. 1991).

Our results are consistent with most genetic
analyses of the parentage of young in other co-
operatively breeding species. Six percent or few-
er young were sired by a male from outside the
group of individuals attending the nest in the
Florida Scrub-Jay Aphelocoma coerulescens
(Mumme et al. 1985), the Stripe-backed Wren
(Rabenold et al. 1990), the European Bee-cater
Merops apiaster (Jones et al. 1991), the Red-
cockaded Woodpecker (Haig et al. 1994), the
Noisy Miner (Poldmaa etal. 1995), and the Bi-
colored Wren Campylorhynchus griseus (Hay-
dock et al. 1996). Two striking exceptions to this
trend were found in the Splendid Fairy-wren and
the Superb Fairy-wren in which 65% and 76%
of young, respectively, were sired by males from
outside the social group (Brooker et al. 1990,
Mulder et al. 1994).

Given that there is only a low level of extra-
pair mating in Bell Miners and the fact that
males are philopatric, while females disperse, it
is not surprising that we found helpers were
close relatives of one or both parents in the vast
majority of cases (67%), as Clarke (1984, 1989)
postulated from observation of individually
marked birds. Furthermore, as expected from
dispersal patterns (Clarke and Heathcote 1990),
helpers appeared to be more closely related to
the male (Fig. 4). The proportion of cases of Bell
Miner helpers aiding nonrelatives was small
(17%), but is consistent with estimates of aid-
giving by nonrelatives obtained from an obser-
vational study of a nearby population (Clarke
1989).

That the vast majority of aid was provided by
first- or second-order relatives is consistent with
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the predictions of the indirect fitness benefit hy-
pothesis (Hamilton 1964). It also is consistent
with most observational studies of other coop-
erative breeders that have found that the major-
ity of helpers are close relatives of the young
they were aiding (see review by Brown 1987).
However, one does need to be cautious with
such generalizations, given the small number of
species in which the relatedness of helpers has
been examined using molecular techniques (e.g.,
Dunn et al. 1995). Whether the frequencies of
aid-giving to nonrelatives should be regarded as
fatal for the indirect fitness benefits hypothesis
is best determined by calculating the costs and
benefits of the behavior relative to those
achieved by adopting alternative strategies.
Hamilton’s rule does not require that aid only be
directed towards close relatives, but rather that
on average, the benefits of attempting to direct
aid towards close relatives exceed the costs
(Dawkins 1979). Whether occasional aid-giving
to nonrelatives represents a system where birds
are following a fairly rough rule of thumb con-
sistent with the indirect fitness benefits hypoth-
esis (e.g., feed nearby begging nestlings because
they are likely to be related), or whether they
are gaining greater direct fitness benefits by
helping nonrelatives (e.g., through increasing
their chance of gaining a future mate; Reyer
1984) remains to be demonstrated.

We have shown that the extraordinary num-
bers of helpers (up to 20) assisting to raise a
brood of just one or two nestlings in Bell Miners
is not based upon a highly promiscuous mating
system in which the female trades fertilizations
for assistance at the nest. Hartley and Davies
(1994) suggest that the number of helpers in a
monogamous mating system may be limited by
the diminishing benefits of increased care be-
yond what a certain number of helpers can pro-
vide. Although Clarke (1989) demonstrated that
females with six or more helpers produced sig-
nificantly more young per attempt than females
with fewer helpers, the upper limit to the number
of helpers that can usefully be deployed at a
miner’s nest remains to be determined. It seems
unlikely that the indirect fitness benefits hypoth-
esis alone will provide an adequate explanation
for such extraordinary levels of sociality.
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