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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. 

I n  mammals, most of the reproiluctive costs 
are borne by the female, with nlales often 
co l l t r ib~~ t i l~g  l ~ t t l e  n o r e  tha11 sperm. T h ~ s  
~ l l l ec~~la l  ~ n v e s t m e ~ ~ t  has heen ~ ~ s e i i  to e s -  
plain why over 90% of mammals are polyg- 
yno~ls ( 1  ), whereas monogamy is effectively 
restricted to the few species in wh1c11 pater- 
nal care is inlporta~lt or in which felnales 
are w~dely iiispersed (2 ,  3 ) .  Wit11 the advent 
of molecular genetic techniq~les capable of 
resolving close family relat~ons, this pred~c-  
tive framework can he tested. 

Our  stuilies o n  the gray seal, Haiichoerus 
grypus, reveal an  ~lnexpected mating pat- 
tern. This species has been clescrihed as 
p o l y g y n o ~ 1 ~ ( 2 .  4 ,  5 ) .  However, although 
solne Inales increase their fitness by exert- 
lng do~ninallce over other males (6 .  7),  
lnany seals Inate preferentially with previ- 
ous partners. These co~ltrasting behaviors 
appear to operate simultaneously in the 
same breeding colony. 

Gray seals breed cololliallv at renlote 
sites around the  British Isles (8)'. 111 autumn, 
felnales come ashore for a b o ~ ~ t  18 days to 
give h ~ r t h  to single pups, suckle, and mate. 
Mating usually occurs near the p ~ ~ p p i ~ l g  s ~ t e  
(4 .  9 .  10).  Males colne ashore for varying 
lengths of time, during which some com- 
pete aggressively for pos~tions alllong the 
felnales (5, 5). A t  all colonies, felnales out- 
11~11nl>er males. 

O n  Kor th  Rona, a slnall cliff-bo~lnd is- 
land off north\vest Scotland, approximately 
l5OC p~ lps  are born annually ( 1  1 ). L~lnited 
access and topographical barr~ers divide the 
breeding area into three effectively discrete 
regions: Study Area ( S A ) ,  Fia11~1is So~lt11 
(FS) ,  and F i a n ~ ~ i s  North/Central ( 4 ,  12). 
Colony sex ratio varies widely throughout 
the  season b ~ l t  averages 7 : 1 (fema1e:male) 
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(5, 6 ) .  Field observations (1986 to 1989) 
foc~lseil on 85 nlales anil 88 felnales ~narkeil 
after capture by unique brands. Capture for 
hraniiillg selected individuals ~ ~ 1 1 0  stood 
their grouncl, biasing our sample strongly 
towarii i iolnil~ant ~nales  16). Braniled fe- ~, 

males possibly suffer a sinlilar bias. 
Brancled felnales show a mean annual 

return rate to  North  Rona of 6774 allowing 
two or 1110re ULIUS to he s a ~ n ~ l e d  from each . 
of a ~ l ~ l l n b e r  of females [that is, maternal 
half-siblings (half-sibs) (1 2)j .  Using two 
methoiis, D N A  fingerprinting; (71 = 39 
pairs) and s~ngle-locus minisat6Tlite analysis 
(n  = 48 p a r s ) ,  \ye examined pater~lal rela- 
tlons alllong such pups (Fig. f ) .  W e  esti- 
Inate that 3C% of all comparisons involxre 

Fig. 1. Determination of the frequency of full sbs  
In comparisons between maternal half-sibs 
Method 1 Adjacent-lane DNA fingerprint band- 
sharlng coefflcents (BSC) of relatedness (7) were 
derlved for 89 mother-pup pars (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) A posslble compari- 
sons between half-slbs could not be made be- 
cause some samples were Inadequate in either 
quality or quantity. Half-s~b BSC values cover the 
full range of relatedness, from unrelated to full s ~ b  
Assumlng BSC values are dlstrlbuted approxl- 
matey normally, the probability of obtanng the 
observed dlstrlbutlon of half-s~b BSC values was 
calculated for a possbe combnatons of full slbs, 
half-sibs, and unrelated pups The half-s~b BSC 
dstrbution was assumed to have a mean and 
varlance intermedate between those for unrelat- 
ed and mother-pup pars Method 2: Forty-eght 
pairs of maternal half-slbs were typed for the hy- 
pervarlable seal m~n~satelllte locus HgMS-AS 
[gene ldentlty (G) = 0.032, 57 alleles recorded (7)] 
Paternally unrelated pups share paternal bands 
with probablty = G. Full sbs  share paternal alle- 
les wlth probab~ty  = 0.5 (1 + G) = 0.52. Usng 
these values, we calculated the probabllltles of 
observing each of all posslbe proporions of full- 
sbs  usng a standard bnomal expansion Proba- 
b t y  values from lnethods 1 and 2 were then cc 

full siblillgs (1~111 sihs). This figure eiluates to 
a s~lrurisinir degree of Inate fidelity, with the ~, ~ 

preclse ilegree depending o n  ~ n a l e  r e p r o d ~ ~ c -  
tive longevity ( r )  (1 3) .  Substituting r = 10 
rears. we find that 59 to lCC% of a n  averaire , , 

female's pups are fathered 1iy only 1 to 2.9 
males. Smaller values of r imrilv a n o r e  . , 
polarized pattern of mating, with fewer 
11lales accountlne for Inore of each female's 
CLIPS. Larger values of' ?- change the predic- 
tions little and are probably unrealistic 
(1 3) .  

How can parental co~nhinations recur so 
frequently? There are two possible mecha- 
nisms. Either a female's mate is determined 
solely by the  relative proximity anil clomi- 
llance of neighboring lnales anil colony or- 
ga~liiatioll changes little between seasons, 
or seals recogllize and select previous part- 
ners. Because many potential fathers cannot 
be samplcil (14),  these two alternatives can- 
not  be distinguished by direct paternity 
analysis. However, the  first possibility can 
be restecl bv use of detailed field ohserva- 
tions to deternlllle how fre i l~~ent ly  full sibs 
s11oulJ arise bv chance. 

If females Inate L I S L I ~ I I ~  with the nearest 
male, full sibs are likely to be born only to 
parents who hot11 return to similar locations 
w ~ t h i n  the  colony. Felnales anil males show 
sinlilar degrees of site fidelity [median be- 
tween-season displacements: 55 111 and 53 
111, respectlrrely ( 6 ,  12)j .  T o  exalnille this o n  

BSC values 

y m m m m 
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~mblned Into a slngle log Ilkellhood curve (6) The 

'To v~!iiorii corresoondence should be addressed. combned best estlmate 1s 30% full sbs  (95% confidence Interval = 14 5% - 51 96, taken as three log 
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moly. Isle o' Mull PA75 6PH UK. expected, Thls method does not ~dentfy specflc pairs w th  confdence. 
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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- 

Fig. 2. Male site fidelity. The 
positions of all adult males in 
SA were recorded on three 
dates (at the peak of estrus 
and 1 week on either side) in 
each of three seasons (1 987 
to 1989) (6). The map covers 
an area used by approxi- 
mately 90% of the females in 
SA; distances are in meters 
and shaded areas are sea. 
Data represent the estimat- 
ed peak of estrus (1 6 Octo- 
ber) in 1989. The scale bar is 
included to help the reader 
visualize how infrequently an 
average female will be next 
to the same male in consec- 
utive seasons. 

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 

1989 and another year 
1988 position 

c3 
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Fig. 3. Duratlon and timing of stay of males within the breed- 
ing colony: the degree of between-season overlap. Intensive . Branded 
observations were made daily during daylight hours (8 hours) 
for the breeding seasons from 1987 to 1989 (20). All males ,D 

I l  
who came ashore in S A  for more than 1 hour were identified 2 40 
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 a 

ed as follows: 1 for each day in common between any two 

; :j[ 
unbranded males. Indices of temporal overlap were calculat- 

10 
seasons and 0.5 for days not in common but lying wlthln 2 
days of each other. A 0 score thus indicates presence ~n one 0 

season only or nonoverlapplng stays in two or more seasons. 0 OtolO 101045 

All dally scores were adjusted by a weighting according to Index of overlap 
the relative number of estrous females available (derived from 
parturition data for all females in SA) and normalized to glve a maxlmum score of 1 per day. 

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

Behavior Description 

Long-term association and Seven years after fathering her pup, male S2 was seen attending 
coordinated movement 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 >I20 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 Although females rarely show overt signs of mate solicitation, they 
frequently reject male advances (21). 

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 breedine colonv are 

u 

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-A5 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 DO- 

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% (1 8). A significant pro- 
portion of this mortality can be ascribed to 
disturbances caused by aggressive interac- 
tions involving males (1 9). 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 
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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- 
PA1 4 exhibits ecotype specificity forArabidopsis, causing a range of symptomSfrom 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 f ~ ~ l l y  understood. 

Despite the vast cvolu~ionary gulf be- 
twce~l  plants and animals, two types of 
observatio~ls suggest that some of the un- 
derlying mechanisms of bacterial patho- 
genesis may be similar in the two ki~lg-  
doms. First, bacterial proteins involved in 
the export of proteinaceous virulence fac- 
tors have been shown to be conserved 
between plant and rnamlnalian pathogens 
( 1 ) .  Second, for some bacterial species, 
including Pseudomonas cepacia (2), Pseudo- 
monas aerztginosa ( 3 ,  4), and Erwinia spp. 
(S), specific strains have been reported to 
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be either plant or animal pathogens 
Reports indicating sirnilarities between 

plant and animal pathogens prompted us to 
search for a strain of P. aeruginosa that was 
canable of elicitine disease in both a well- 
defined plant pathogenesis lnodel and a 
well-defined animal pathogenesis model. 
We chose P. aeruginosa for these studies 
because it is a serious opportu~~istic patho- 
gen in immunocompromised hulnall 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 detcrlnine 
which, if anv. bacterial virulence factors , , 
were involved in both plant and animal 
nathoeenesis. 

A collection of 75 P .  neruginosa strains 
17), of which 30 were human isolates. were . , ,  

scrcelled for their ability to cause iliscase on 
leaves of at least four different Arnbidopsis 
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 111t)st likely be a 21 ' C h  
true plant pathogen, rat ef t an a strain 
that has no capacity to be8a d a n t  pathogen 
under natural settings but infects plants as a 
consequence qi the artificial cnvironnlent 
created in the laboratorv i 10). , , 

MA 021 14, USA. Most of the 75 P. aerztginosa strains that 
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