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Evidence for Mate Fidelity in the Gray Seal

Bill Amos,* Sean Twiss, Paddy Pomeroy, Sheila Andersont

Colonially breeding gray seals are polygynous. Males are larger than females, compete
with each other for position among aggregated females, and contribute no parental care.
Genetic analysis of pups born on the island of North Rona, Scotland, reveals large
numbers of full siblings, although dominant males father disproportionately few of these.
This result cannot be explained by mating patterns based solely on male dominance and
the spatio-temporal organization of the breeding colony. Instead, many full siblings must
result from choices favoring previous parental combinations. Thus, polygyny and partner
fidelity appear to operate simultaneously in this breeding colony.

In mammals, most of the reproductive costs
are borne by the female, with males often
contributing little more than sperm. This
unequal investment has been used to ex-
plain why over 90% of mammals are polyg-
ynous (1), whereas monogamy is effectively
restricted to the few species in which pater-
nal care is important or in which females
are widely dispersed (2, 3). With the advent
of molecular genetic techniques capable of
resolving close family relations, this predic-
tive framework can be tested.

Our studies on the gray seal, Halichoerus
grypus, reveal an unexpected mating pat-
tern. This species has been described as
polygynous (2, 4, 5). However, although
some males increase their fitness by exert-
ing dominance over other males (6, 7),
many seals mate preferentially with previ-
ous partners. These contrasting behaviors
appear to operate simultaneously in the
same breeding colony.

Gray seals breed colonially at remote
sites around the British Isles (8). In autumn,
females come ashore for about 18 days to
give birth to single pups, suckle, and mate.
Mating usually occurs near the pupping site
(4, 9, 10). Males come ashore for varying
lengths of time, during which some com-
pete aggressively for positions among the
females (5, 6). At all colonies, females out-
number males.

On North Rona, a small cliff-bound is-
land off northwest Scotland, approximately
1500 pups are born annually (11). Limited
access and topographical barriers divide the
breeding area into three effectively discrete
regions: Study Area (SA), Fianuis South
(FS), and Fianuis North/Central (4, 12).
Colony sex ratio varies widely throughout
the season but averages 7:1 (female:male)
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(5, 6). Field observations (1986 to 1989)
focused on 85 males and 88 females marked
after capture by unique brands. Capture for
branding selected individuals who stood
their ground, biasing our sample strongly
toward dominant males (6). Branded fe-
males possibly suffer a similar bias.
Branded females show a mean annual
return rate to North Rona of 67%, allowing
two or more pups to be sampled from each
of a number of females [that is, maternal
half-siblings (half-sibs) (12)]. Using two
methods, DNA fingerprinting, (n = 39
pairs) and single-locus minisatéllite analysis
(n = 48 pairs), we examined paternal rela-
tions among such pups (Fig. 1). We esti-
mate that 30% of all comparisons involve

Fig. 1. Determination of the frequency of full sibs
in comparisons between maternal half-sibs.
Method 1: Adjacent-lane DNA fingerprint band-
sharing coefficients (BSC) of relatedness (7) were
derived for 89 mother-pup pairs (white bars, mean
= 0.61, SD = 0.07) and 39 pairs of maternal
half-sibs (black bars) (A). Unrelated BSC values
were determined with the use of 70 adult males
(mean = 0.25, SD = 0.06). All possible compari-
sons between half-sibs could not be made be-
cause some samples were inadequate in either
quality or quantity. Half-sib BSC values cover the
full range of relatedness, from unrelated to full sib.
Assuming BSC values are distributed approxi-

~ mately normally, the probability of obtaining the

observed distribution of half-sib BSC values was
calculated for all possible combinations of full sibs,
half-sibs, and unrelated pups. The half-sib BSC
distribution was assumed to have a mean and
variance intermediate between those for unrelat-
ed and mother-pup pairs. Method 2: Forty-eight
pairs of maternal half-sibs were typed for the hy-
pervariable seal minisatellite locus HgMS-A5
[gene identity (G) = 0.032, 57 alleles recorded (7)].
Paternally unrelated pups share paternal bands
with probability = G. Full sibs share paternal alle-
les with probability = 0.5 (1 + G) = 0.52. Using
these values, we calculated the probabilities of
observing each of all possible proportions of full-
sibs using a standard binomial expansion. Proba-
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full siblings (full sibs). This figure equates to
a surprising degree of mate fidelity, with the
precise degree depending on male reproduc-
tive longevity (r) (13). Substituting r = 10
years, we find that 59 to 100% of an average
female’s pups are fathered by only 1 to 2.9
males. Smaller values of r imply a more
polarized pattern of mating, with fewer
males accounting for more of each female’s
pups. Larger values of r change the predic-
tions little and are probably unrealistic
(13).

How can parental combinations recur so
frequently? There are two possible mecha-
nisms. Either a female’s mate is determined
solely by the relative proximity and domi-
nance of neighboring males and colony or-
ganization changes little between seasons,
or seals recognize and select previous part-
ners. Because many potential fathers cannot
be sampled (14), these two alternatives can-
not be distinguished by direct paternity
analysis. However, the first possibility can
be tested by use of detailed field observa-
tions to determine how frequently full sibs
should arise by chance.

If females mate usually with the nearest
male, full sibs are likely to be born only to
parents who both return to similar locations
within the colony. Females and males show
similar degrees of site fidelity [median be-
tween-season displacements: 55 m and 53
m, respectively (6, 12)]. To examine this on
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bility values from methods 1 and 2 were then combined into a single log likelihood curve (B). The
combined best estimate is 30% full sibs (95% confidence interval = 14.5% — 51%, taken as three log
units on either side). Extrapolating back to our entire data set of 120 pups, 21 pairs of full sibs are
expected. This method does not identify specific pairs with confidence.
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an individual basis, we generated snapshot
maps for the positions of all males in SA on
three dates (the estimated peak of estrus
and 1 week on either side) in each of three
seasons from 1987 to 1989 62.3% of males
appeared in snapshots from only one season,
making them unlikely to father full sibs
through site fidelity. The remaining, re-
sighted males were all branded. Among
these, several showed site fidelity that was
sufficient to allow repeat pairings with near-

by females who were site faithful (Fig. 2).
Branded males are also more likely to
father full sibs on the basis of their temporal
distribution. Estrus dates for individual fe-
males vary little between seasons (15).
Consequently, only males who are present
on or around the same date in two or more
seasons are likely to father full sibs. During
1987 to 1989, 252 males were recorded
ashore in SA (seasonal average 108). Of
these, only 41 (16%) showed any temporal

Fig. 2. Male site fidelity. The 125
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Fig. 3. Duration and timing of stay of males within the breed-
ing colony: the degree of between-season overlap. Intensive
observations were made daily during daylight hours (8 hours)
for the breeding seasons from 1987 to 1989 (20). All males
who came ashore in SA for more than 1 hour were identified
by either letter-number brands or natural markings (6, 20).
Absences of 2 days or less were ignored. Mean stay ashore
in SA was 20.1 days for branded males and 5.1 days for
unbranded males. Indices of temporal overlap were calculat-
ed as follows: 1 for each day in common between any two
seasons and 0.5 for days not in common but lying within 2
days of each other. A O score thus indicates presence in one
season only or nonoverlapping stays in two or more seasons.
All daily scores were adjusted by a weighting according to
the relative number of estrous females available (derived from
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parturition data for all females in SA) and normalized to give a maximum score of 1 per day.

Table 1. Behavioral observations supporting the existence of partner fidelity.

Behavior

Description

Long-term association and
coordinated movement

Seven years after fathering her pup, male S2 was seen attending
female J8 400 m away in a different island subregion. Positional

information is available for five mothers of probable full sibs. Two
were site faithful, but three moved >120 m between seasons.
Mothers of two pairs of highly probable full sibs were not seen on
North Rona in the year of conception of one of the pups. Paternity
testing has revealed three instances in which one parent was not
seen on North Rona in the year of conception (7). Occasionally,
mating is observed in the shallows around the colony.

Female mate choice

frequently reject male advances (27).

Although females rarely show overt signs of mate solicitation, they
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overlap (Fig. 3), and branded males ac-
counted for 96% of the total score.

Thus, the distribution of adult seals in
space and time predicts that the vast ma-
jority of full sibs will be fathered by branded
males. This is expected because branded
males are significantly more dominant than
unbranded males and enjoy greater average
reproductive success (6, 7). However,
branded males actually father dispropor-
tionately few full sibs (16). In the absence
of individual-based mate choice, these ob-
servations can be rationalized only if the
few unsampled males that spend substantial
amounts of time in the breeding colony are
highly successful. If such males exist, our
sample of pups should reveal high overall
degrees of shared paternity. We therefore
used diversity among paternal alleles at hy-
pervariable minisatellite locus HgMS-AS5 to
estimate the mean within-season probabil-
ity of shared paternity (17). The resulting
value, 0.023, denies the existence of highly
successful males and can explain only 1 in
13 of the full sibs we observed.

If most full sibs are born to diverse un-
branded males, we must conclude that
many pairs of seals establish durable ties,
recognizing each other between seasons and
coordinating their behaviors. Such a pat-
tern may have been overlooked in previous
studies, first, because it occurs alongside the
more obvious behaviors associated with po-
lygyny and, second, because it is inherently
difficult to identify interseason links be-
tween many specific, often brief interac-
tions. Despite this, a number of field obser-
vations are consistent with a preference for
previous partners (Table 1).

Many aspects of gray seal breeding biol-
ogy favor polygyny. Therefore, the exis-
tence of widespread partner fidelity implies
that an important component of individual
fitness has been overlooked. A plausible
candidate is pre-weaning pup mortality,
which varies greatly with time and locality
but can reach 60% (18). A significant pro-
portion of this mortality can be ascribed to
disturbances caused by aggressive interac-
tions involving males (19). Partner fidelity
should reduce these disturbances and there-
fore increase pup survival rates. However,
the mechanism by which the observed pat-
tern could evolve as the consequence of
individually favored mating strategies re-
mains unclear.
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Common Virulence Factors for Bacterial
Pathogenicity in Plants and Animals

Laurence G. Rahme, Emily J. Stevens,” Sean F. Wolfort,
Jing Shao,T Ronald G. Tompkins, Frederick M. Ausubel

A Pseudomonas aeruginosa strain (UCBPP-PA14) is infectious both in an Arabidopsis
thaliana leaf infiltration model and in a mouse full-thickness skin burn model. UCBPP-
PA14 exhibits ecotype specificity for Arabidopsis, causing a range of symptoms from none
to severe in four different ecotypes. In the mouse model, UCBPP-PA14 is as lethal as other
well-studied P. aeruginosa strains. Mutations in the UCBPP-PA14 toxA, plcS, and gacA
genes resulted in a significant reduction in pathogenicity in both hosts, indicating that
these genes encode virulence factors required for the full expression of pathogenicity in

both plants and animals.

Bacterial pathogens comprise a large and
diverse group of species capable of infecting
both animals and plants. Most of these
pathogens cause disease in a single or limited
number of host species. The interactions be-
tween bacterial and host factors that limit
host range and determine resistance or sus-
ceptibility are not fully understood.

Despite the vast evolutionary gulf be-
tween plants and animals, two types of
observations suggest that some of the un-
derlying mechanisms of bacterial patho-
genesis may be similar in the two king-
doms. First, bacterial proteins involved in
the export of proteinaceous virulence fac-
tors have been shown to be conserved
between plant and mammalian pathogens
(1). Second, for some bacterial species,
including Pseudomonas cepacia (2), Pseudo-
monas aeruginosa (3, 4), and Erwinia spp.
(5), specific strains have been reported to
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be either plant or animal pathogens.

Reports indicating similarities between
plant and animal pathogens prompted us to
search for a strain of P. aeruginosa that was
capable of eliciting disease in both a well-
defined plant pathogenesis model and a
well-defined animal pathogenesis model.
We chose P. aeruginosa for these studies
because it is a serious opportunistic patho-
gen in immunocompromised human pa-
tients (6) and because individual clinical
isolates have been reported to cause disease
in plants (3). Given such a “dual” animal-
plant pathogen, it would be interesting from
an evolutionary perspective to determine
which, if any, bacterial virulence factors
were involved in both plant and animal
pathogenesis.

A collection of 75 P. aeruginosa strains
(7), of which 30 were human isolates, were
screened for their ability to cause disease on
leaves of at least four different Arabidopsis
thaliana ecotypes (8, 9) (land races or wild
accessions). We reasoned that a P. aerugi-
nosa pathogen that exhibited ecotype spec-
ificity on Arabidopsis would most likely be a
true plant pathogen, rat eb’than a strain
that has no capacity to be,a plant pathogen
under natural settings but in(gcts plants as a
consequence of the artificial environment
created in the laboratory (10).

Most of the 75 P. aeruginosa strains that
were screened elicited no symptoms in Ara-
bidopsis leaves. Several strains elicited weak
to moderate soft-rot symptoms. However,
two strains, UCBPP-PA14, a human iso-
late, and UCBPP-PA29, a plant isolate,
caused severe soft-rot symptoms in some,
but not all, of the ecotypes tested, a result
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