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Behavioral estimates of male mating
success tested by DNA fingerprinting
in a polygynous mammal

We used DNA fingerprinting to determine paternity of 80 calves born into the individually
monitored population of red deer (Cervus elaphus) on the Isle of Rum, Scotland. Using the
paternity information, we investigated the assumptions and predictions of behavioral estimates
of male mating success, on which previous studies in this population have relied. Over an 11-
day interval in the rut centered on a female’s estimated date of conception, the probability that
a male fathers a calf is closely related to the number of days he holds the female in his harem,
increasing from 0.12 for 1 day to 1.0 for 6 days or more. We compared three methods for
estimating the reproductive success of individual males from field observations of harem mem-
bership with true success revealed by DNA fingerprinting. All three methods accurately iden-
tified the relative success of individual males but were poor predictors of absolute success: the
behavioral methods underestimate the true success of successful males and overestimate the
success of many males who, in fact, fail to father any calves. In consequence, variance in male
mating success is greater than previous behavioral estimates for this population suggested. Both
harem membership data and observations of mating and other estrous behavior can be used

to identify males most likely to father a specific calf. [Behav Ecol 3:66-75 (1992)]

Many studies in behavioral ecology rely on

measures of individual reproductive
success to distinguish traits that are adaptive
from those that are not (Clutton-Brock, 1988;
Newton, 1989). In many species, individual
reproductive success of one or both sexes can
be estimated by the number of eggs laid, off-
spring born, or young tended. In species with
polygynous mating systems, it is common to
estimate reproductive success from the time
during which a male has exclusive access to a
female during the mating season or from the
rate at which each male mates. In most sys-
tems, there has been an unknown element of
error in these estimates due to the fact that
the animals may be behaving covertly toward
one another, for example, attempting to ob-
tain offspring through extrapair copulations,
brood parasitism, and, in polygynous systems,
various ‘‘sneaky” strategies.

Since the discovery of DNA fingerprinting
in humans (Jeffreys et al., 1985a,b) and the
realization that it can be applied to many spe-
cies (Burke and Bruford, 1987; Jeffreys and
Morton, 1987; Wetton et al.,, 1987), it has
been possible to positively identify the par-
entage of an individual by an independent
genetic method and thus to check estimates
of individual reproductive success based on
field observations. The majority of results so
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far available relate to species that are monog-
amous or that exhibit low-order polygamy. In
some cases, field observations give accurate
estimates of reproductive success or related-
ness (e.g., dunnocks, Prunella modularis: Burke
et al., 1989; lions, Panthera leo: Packer et al.,
1991). In the majority of cases, however, there
is a substantial discrepancy between estimated
and actual reproductive success because levels
of extrapair parentage are different from those
expected from observation: less in the willow
warbler (Phylloscopus trochilus) and wood war-
bler (P. sibiliatrix) (Gyllensten et al., 1990),
but more in zebra finches (Taenopygia guttata)
(Birkhead et al., 1990), indigo buntings (Pas-
serina cyanea) (Westneat, 1990), red-winged
blackbirds (Agelaius phoeniceus) (Gibbs et al.,
1990), purple martins (Progne subis) (Morton
et al., 1990), and stripe-backed wrens (Cam-
pylorhynchus nuchalis) (Rabenold et al., 1990).
These results change the rewards individuals
receive for following specific strategies and
thus affect our understanding of the breeding
systems of the species concérned.

To date, there is no information on the ac-
curacy of behavioral estimates of male repro-
ductive success in strongly polygynous sys-
tems. This lack of information is due to greater
logistic problems associated with determining
the true paternity of an offspring when there
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is a large number of potential fathers. In this
paper we present the first comparison of field
estimates of male reproductive success with
individual success measured by DNA finger-
printing in a strongly polygynous species, the
red deer (Cervus elaphus). We show that the
main measure of male reproductive success
used in previous publications about our study
population, which is based on the number of
females a male holds in his harem and the
time over which he holds them, gives accurate
measures of the relative success of males.
However, we also show that the behavioral
estimates underestimate the abolute success
of males that father offspring, whereas they
overestimate the absolute success of many
males that fail to father any calves. The be-
havioral estimates therefore lead to under-
estimates of variance in male lifetime repro-
ductive success.

MATERIALS AND METHODS
Study population

We conducted the study on individually rec-
ognizable red deer living in the 12-km? North
Block of the Isle of Rum, Scotland (Clutton-
Brock et al., 1982). In recent years, the study
population has consisted of 100-150 resident
females of breeding age, of which approxi-
mately half conceive in any one year. All
mother-offspring relationships are deter-
mined by observation, and no inaccuracies in
these data have been detected during exten-
sive protein electrophoresis (Pemberton et al.,
1988) or DNA fingerprinting (this study).
During each rut an average of 60 males are
seen in rutting groups. This information gives
us a rough framework for the paternal rela-
tionships of calves born in the study area: we
know which calves could be paternal half sibs
and those which could not. Approximately 30%
of the males rutting in the study area in any
one year are immigrants from other parts of
the island, and we know nothing about their
ancestry. However, because our study area
contains only about 20% of the deer on the
island, we assume that immigrant males are
unlikely to be closely related to study area
animals or to each other.

The rut

During the rut (October—-November), adult
male red deer herd females into harems that
they then defend by means of roaring contests
and fights (Clutton-Brock et al., 1979). Owing
to changes in harem ownership and to female
movements, a female may be in the harems of
a succession of different males in the course
of the rut. Due to the size of our study area,

the relatively few daylight hours in autumn,
and the brevity of overt estrus (females are
receptive for only a few hours), we rarely ob-
serve more than 10% of females being mated,
even when we have a large team of ob-
servers on site. However, from all-day focal
watches, it is clear that matings are normally
between a harem holder and a harem female,
that it is rare for a female to mate more than
once per estrus, and extremely unusual for a
female to mate with more than one male, as
a result of which we believe that sperm com-
petition is not important in this species. Three-
quarters of females seen mating subsequently
produce calves at the appropriate time; those
which do not conceive cycle and return to
estrus 18 days later (Guinness et al., 1971).
Through a daily census (by F.E.G.), we col-
lect virtually complete data on which male’s
harem each female is in (if any) on each day
of the rut and opportunistic data on mating
and other behavior associated with estrus, e.g.,
mounting and chivying (Clutton-Brock et al.,
1982).

Calving

From late May to early July, females that con-
ceived during the previous rut give birth to a
single calf. We determine the birth dates of
all calves born and catch about 80% of them
during the lying-out phase, which lasts for
about 2 weeks after birth. Captured calves
were sexed, weighed, tagged, and sampled for
DNA fingerprinting (see below).

Sampling for DNA studies

We collected samples for DNA fingerprinting
by catching neonates (see above), by tran-
quilizing adults outside the rutting and calving
seasons, or by finding carcasses soon after deer
have died. Live-captured deer were routinely
bled into tubes containing heparin and EDTA,
and a small (approximately 6 mm X 6 mm)
piece of ear tissue was removed using sheep
ear-notching pliers. Where possible, we col-
lected samples of blood, muscle, kidney, and
ear from deer found dead. Heparin blood was
separated into constituents by centrifugation
(for method see Pemberton et al., 1988) and
then frozen; EDTA blood and all tissues were
frozen directly. We kept all samples at —20°C
until required for genetic analysis.

DNA fingerprinting

We isolated genomic DNA from tissue sam-
ples using standard procedures including pro-
teinase K digestion, phenol/chloroform ex-
traction, and ethanol precipitation. We
dissolved precipitates in TE buffer (10 mM
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Tris, ImM EDTA, pH 8.0) and ran the sample
on a test gel to check for degradation and
adjust DNA concentration. As in most mam-
mals, only the white cells of deer blood contain
DNA, and for live-sampled deer we found it
more efficient to extract DNA from ear notch-
es than from white cells or whole blood. When
a corpse was fresh, kidney gave high yields of
pure DNA, but when a corpse was older than
a few days, ear consistently gave the least-de-
graded DNA.

We restricted the DNA overnight at 37°C
with Alu 1 (Boehringer) in the presence of
spermidine. After restriction, we ran a second
test gel to check that restriction was complete.
As in previous studies (Lima-de-Faria et al.,
1984), we found that deer DNA contains sev-
eral large satellites, which show as bright bands
on ethidium bromide-stained gels of restric-
tion digests and make it particularly easy to
recognize partially digested samples. We also
used the second test gel to estimate final ad-
justments necessary to ensure even sample
loading on the fingerprint gel. We precipitat-
ed the DNA samples to remove restriction
buffer salts, took the DNA up in previously
calculated volumes of loading buffer, and
loaded approximately 2 ug DNA per lane onto
the fingerprint gel.

Our fingerprint gels were 270 mm long and
consisted of 0.8%-1.0% agarose in TBE buft-
er (0.089 M Tris, 0.089 M boric acid, 2.5 mM
EDTA, pH 8.0). We electrophoresed the gels
at 1.8 V/cm until a 2.3-kb band in the marker
lane (we used A restricted with Bste II) ap-
proached the anodal end of the gel. We im-
mersed the gel in 0.25 M HCI for 15 min and
then put the gel in denaturing solution for a
further 15 min, this time with gentle agitation.
We vacuum-blotted the DNA from the gel onto
Hybond N+ (Amersham), using LKB/Phar-
macia or Hybaid equipment, in the presence
of denaturing solution. After blotting (40-60
min), we immersed the filter in 2 x SSC (§SC
=(0.15 M NaCl, 0.15 M Trisodium citrate) for
5 min and then allowed the filter to air dry
on a piece of filter paper.

We hybridized our filters in sandwich boxes
in an orbital shaker at 60°C. We prehybridized
the filters for about 1 h in 1 x SSC, 0.5%
SDS (sodium dodecyl sulfate), 4% PEG 6000
(polyethylene glycol), 50 pg/ml heparin, and
5 pg/ml tRNA and then added primer-ex-
tended, gel-isolated, single stranded 32P-la-
beled human minisatellite probe A33.15 (Jef-
freys et al.,, 1985a,b). After overnight
hybridization, we washed the filters twice for
30 min in 1 x SSC, 0.5% SDS at the hybrid-
ization temperature and exposed the filters to
X-ray film at —70°C with intensifying screens
for 1-14 days, depending on signal strength.

After this procedure, we produced red deer
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DNA fingerprints in which individuals had 15-
30 bands in the range 2—20 kb (Figure 1). The
mean coefficient of band sharing (2Nab/Na
+ Nb) was 0.31 £ 0.10 (SD) between animals
likely to be unrelated (animals born within the
study area compared with immigrants) and
0.68 = 0.10 between known mother—off-
spring pairs. These figures are internally con-
sistent because, with a background level of
band share of 0.31, the expected band share
between mothers and offspring is 0.31 + [(1
— 0.31)/2] = 0.66. The mean number of non-
maternal bands per calf was 6.15.

In adjacent tracks on our gels, we screened
mothers, offspring, and males that held the
mother during the 11 days centered on her
estimated date of conception (see *“Calculat-
ing behavioral estimates of male mating suc-
cess,”” below). During this period, the average
female was in the harems of 3.38 different
males (range 1-7). If no father could be iden-
tified from within the 11-day interval, we test-
ed males that held the mother outside the 11-
day interval or males that were rutting in the
right area at the right time but with which the
mother was not actually observed.

We identified a male as a father when the
band-share coefficient between a male and a
calf was in the range found for mother—off-
spring pairs and a male had all, or all but one,
of the nonmaternal bands. From the figures
above, and assuming no linkage between
bands, a crude estimate of the probability of
falsely identifying a male as the father of a
calf on the presence of paternal bands is
0.316'5 or 7 x 1074, and the additional cri-
terion that a father had to have a band-share
coefficient with the calf in the range found
for mother—offspring pairs provides a further,
partially independent check. This error rate
compares favorably with a breeding male pop-
ulation of less than 250 on the island as a
whole and about 60 in the study area during
any particular rut. In a few cases the father
was identified in the absence of a sample from
the mother when the coefficient of band shar-
ing was greater than the mean for mother—
offspring pairs, and it was unlikely the calf
and the male were related by any other route.

The most important assumption behind the
estimate of our accuracy in assigning paternity
is that red deer fingerprint bands are un-
linked. Because female red deer typically pro-
duce a single calf per year, it is not easy to
obtain large, full sibships in which to investi-
gate linkage in this species. However, we ex-
amined the inheritance of paternal finger-
print bands in 10 half sibs from each of the
two largest half sibships identified in this study
(see below). In each case we found clear evi-
dence that the overwhelming majority of pair-
wise, paternal band combinations were un-







