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THE genetic and demographic consequences of population sub-
division have received considerable attention from conservation
biologists. In particular, losses of genetic variability and reduced
viability and fecundity due to inbreeding (inbreeding depression)
are of concern'”. Studies of domestic, laboratory*® and zoo
populations™®’ have shown inbreeding depression in a variety of
traits related to fitness. Consequently, inbreeding depression is
widely accepted as a fact. Recently, however, the relative impact
of inbreeding on the viability of natural populations has been
questioned®'®. Work on the cheetah (Acinonyx jubatus), for
example, has emphasized the overwhelming importance of environ-
mental factors on mortality in the wild>'®. Here we report that
song sparrows (Melospiza melodia) that survived a severe popula-
tion bottleneck were a non-random subset of the pre-crash popula-
tion with respect to inbreeding, and that natural selection favoured
outbred individuals. Thus, inbreeding depression was expressed in
the face of an environmental challenge. Such challenges are also
likely to be faced by inbred populations of endangered species. We
suggest that environmental and genetic effects on survival may
interact and, as a consequence, that their effects on individuals and
populations should not be considered independently.

Although inbreeding has been reported for several wild
vertebrates'', the few detailed studies of inbreeding done in the
wild are equivocal'” '®. This could be explained by historical
differences in the size and structure of populations. For example,
purging of deleterious, recessive alleles from the genome is often
put forward as a potentially positive effect resulting from periods
of intense inbreeding following a severe bottleneck™'’. Other
work, however, suggests that even given severe bottlenecks, it
may be difficult or impossible to eliminate detrimental mutations
with individually small deleterious effects'® *°. We studied the
resident population of song sparrows on Mandarte Island,
British Columbia, from 1975 to 1990*'. During this period the
breeding density of the population fluctuated by 18-fold because
of two major crashes in population size (Fig. 1). Both crashes
occurred outside the breeding season, in 1979-1980 (9 females
and 18 males surviving, corresponding to 18% of the adult popu-
lation) and in 1988-1989 (4 females and 7 males surviving, corre-
sponding to 11% of the adult population). Earlier accounts from
Mandarte also report catastrophic mortality among adult song
sparrows in 1962°°. The 1962 and 1989 crashes were coincident
with severe winter weather*>**. The cause of the crash in 1980 is
unknown. Immigration rates on Mandarte are low in ecological
terms (16 immigrants in 16 years), but they are probably high
enough to lead to near-panmixia in genetic terms’. There was
no increased immigration after crashes™.

Inbreeding coefficients were estimated on the basis of the
pedigree (Fig. 1). Because their accuracy depends largely on the
number of generations of known matings®, for 1980, only five
years after the initiation of our study, we underestimated the
true inbreeding coefficients. Because of this, and a coincidental
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TABLE 1 Mean inbreeding coefficient of adults and juveniles before
and after the 1989 crash

Aduits Juveniles
Before crash 0.0189 n=74 0.0363 n=132
After crash 0.0025 n=7 0.0156 n=3

n, Numbers of individuals with known grandparents in the sample.

gap in data collection (Fig. 1), we did not consider survival over
the 1980 crash in detail.

During both the 1980 and 1989 crashes, the mean inbreeding
coefficient in the breeding population was lower in the season
after the crash than in the previous season (Fig. 1). This suggests
that selection favoured birds that were relatively less inbred. To
test this hypothesis, we compared the inbreeding coeflicients of
birds that survived the 1989 crash to those of birds that did
not survive. As expected, we found that the average inbreeding
coefficient was significantly lower among the birds that survived
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FIG. 1 The size of the song sparrow population breeding on Mandarte
Istand from 1975-1990 (squares) and the mean inbreeding coefficient
of the population (circles). Because all individuals were colour-banded,
survival was readily estimated® and in 99.5% of 1,574 breeding
attempts the putative parents were identified by detailed observations
of pairing, mating and parental behaviour. Extra-pair paternity may have
occurred, but several lines of evidence suggest it was rare”®, Continuous
records of breeding success and adult and juvenile survival (except in
1980) allowed construction of a pedigree and the calculation of
inbreeding coefficients. These were estimated using PEDSYS, a Pedigree
Data Management System, provided by the Southwest Foundation for
Biomedical Research, San Antonio, Texas, using the algorithm
described in?®. We only used individuals whose grandparents were
known to accommodate different depths of the pedigree due to found-
ers and immigrants. This gave the following sampie sizes for the calcu-
lations of mean f from 1978-1990: 9, 48, 11, 7, 12, 41, 52, 91, 93,
92,74, 7 and 15. Incomplete data for 1980 led to a gap in the pedigree
and resulted in low sample sizes of birds with known grandparents in
1981 and 1982. This contributed to iower mean inbreeding coefficients
in these years. For 1975-1977 there were no breeding birds where all
grandparents were known. Inbreeding coefficients are given relative to
the founder population in 1975, assuming that all adults in 1975 and
all subsequent immigrants had inbreeding coefficients of zero. The
effects of this assumption on our analysis of the 1989 crash are smali,
because of the 11 intervening generations since the start of the study
and the low level of immigration.
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FIG. 2 The distribution of inbreeding coefficients of the birds that did
not survive the crash (white bars) and of the survivors (black bars). The
mean f of the birds that died equalled 0.0312 (s.d.=0.059, n=1986),
that of the survivors equalled 0.0065 (s.d.=0.015, n=10). The differ-
ence in the means of the two distributions was 0.0247 (two-tailed
Mann-Whitney U-test, Z= —2.24, P=0.025). The comparison was
based on all adults and nestlings banded in 1988. Twelve birds survived
the crash, but one was an immigrant and another had unknown mater-
nal grandparents. Only eight of the survivors bred in 1989. Adult and
juvenile birds were combined because of the small sample of survivors.

the crash than among birds that did not survive (Fig. 2). Only
three of the survivors were inbred at all, two of which had low
inbreeding coeflicients ( f=0.002 and /=0.016).

In a closed population, juveniles are expected to be more
inbred on average than their parents. Hence differential mortal-
ity between juveniles and adults might be a confounding factor
in our analysis, because juveniles typically survive less well than
adults in our study population®’. However, we found that the
mean inbreeding coefficient was lower after the crash both
among adults and juveniles (Table 1). This suggests that selec-
tion acted both against adults and juveniles, but the small num-
ber of survivors precluded a powerful test of this hypothesis.
Nevertheless, our findings indicate that inbreeding depression
occurred during a period of severe environmental stress. As a
consequence of selection against inbred individuals, the mean
inbreeding coefficient in the population was lower in the year
following the bottleneck.

Our results show that inbreeding can affect survival in the
wild. Given that the Mandarte population has undergone at least
three population bottlenecks in the last three decades, our results
also suggest that serial bottlenecks did not purge the genetic
load sufficiently to alleviate the negative effects of inbreeding.
Alternatively, immigration may be sufficient to re-establish dele-
terious alleles purged from the population during bottlenecks’.
Finally, although genetic considerations should not be
overemphasized®?®, our results support the idea that genetic
effects should not be considered independently of environmental
effects®®. Our study shows that even in circumstances where most
mortality can be attributed to environmental causes, genetic fac-
tors may still affect which individuals survive. In fact, inbreeding
depression may be most pronounced exactly when individuals
are environmentally stressed”’. This emphasizes the need to
integrate demongraphy and population genetics in studies in
natural environments. ([
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EFFICIENT behaviour in the visual environment requires selection
between stimuli competing for control of action. Many current
models of selection are spatial: relevant objects are chosen by
attending to their locations'~. The unilateral stimulus extinction
observed following lesions of the parietal lobe provides evidence
for spatial selection”. Such patients may identify a single stimulus
presented in their contralesional field, but can fail to detect the
same stimulus when a competing stimulus is shown simultaneously
on the ipsilesional side’. Here we demonstrate that extinction need
not be spatial in nature, but may be determined by characteristics
of the objects to be selected. In two patients with parietal lobe
lesions and poor spatial localization, pictures extinguished words
and closed shapes extinguished open shapes. This object-based
extinction indicates the existence of biases within non-spatial selec-
tion mechanisms which are independent of biases produced by spa-
tial selection mechanisms. We suggest that selection of objects for
action requires that the ‘winners’ produced by the independent
competitive biases for selection are bound together within distinct
neural areas concerned with object properties and space.

We tested two patients: G.K., who suffered two strokes which
resulted in lesions of the right occipito-parietal region and the
left temporo-parietal region, and J.F., who suffered anoxia lead-
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