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Abstract

Champion and Gardner are the only two satellite islands of Floreana in the GalaÂ pagos archipelago that support populations of
the Floreana mockingbird, Nesomimus trifasciatus. The population on the much larger island of Floreana became extinct approxi-

mately 125 years ago. We studied the Champion population in every year from 1980 to 1991. Since the island is small (9.4 ha) we
determined the demographic stability of the population by repeated censusing of the whole population. The number of breeding
adults varied from 16 to 24 with a mean of �20. Using a standard population genetics formula we calculate that the Champion

population has lost half of the original level of selectively neutral heterozygosity since presumed immigration from Floreana ceased
more than a century ago. The short-term future of the Champion population is likely to be secure providing that goats and rats are
not introduced, as these have caused much devastation on Floreana and probably resulted in the extinction of the mockingbird

population there. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

It is now conventional wisdom that populations are
becoming increasingly fragmented and the fragments,
being generally small, are in danger of extinction. The
two major sources of hazards a small population faces
are genetic and environmental (Lande, 1988). Through
random processes, small populations accumulate dele-
terious mutations (Lynch et al., 1995), lose genetic var-
iation faster than larger ones and become increasingly
inbred. In many cases this leads to a decline in average
®tness. As a result, small populations may be incapable
of adapting to changing environmental circumstances.
Those circumstances may change too rapidly to permit
evolutionary change. Moreover if a population occupies
a small area all members of the population are subject
to the same environmental change. Demographic sto-
chasticity, for example random ¯uctuations in o�spring
sex ratio, adds to its vulnerability. Thus small popula-

tions are of particular concern to conservation biolo-
gists (Mace and Lande, 1991).
While these ideas are generally accepted in principle

there is much debate on just how vulnerable small
populations in nature really are (Caughley, 1994). Long-
term studies of natural populations are necessary to
empirically determine the risks of extinction (e.g. Sac-
cheri et al., 1998). We report here the results of a 12-
year study of a small population of birds that has been
isolated from its parent population for more than a
century.
The Floreana mockingbird, Nesomimus trifasciatus, is

one of four allopatric, congeneric, species in the GalaÂ -
pagos (Swarth, 1931; Abbott and Abbott, 1978; Curry,
1989). The population on the large island of Floreana
became extinct some time after a visit in 1868 by the
scientist A. Habel, having been apparently common in
the year (1835) of Darwin's visit when the ®rst speci-
mens were collected (Curry, 1986). The species is now
represented by populations on two small satellite
islands, Champion and Gardner-by-Floreana (Fig. 1).
The combined populations were believed by Harris
(1973) to number no more than 150 individuals. Apart
from this, little was known of their size and status prior
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to 1980 when we began a long-term ®eld study and
monitoring program of the population on the very small
island of Champion (9.4 ha). The population was chosen
because it was small, potentially inbred and vulnerable
to extinction, yet had persisted in isolation for a hun-
dred years or more without immigration from the main
island of Floreana less than one km away; Gardner,
approximately 14 km to the south, is an unlikely source
of immigrants of these relatively sedentary birds.
The goal of our study was to determine the size of the

population and its variation, and to make an assessment
of the long-term prospects of the population in the face
of known or suspected hazards. We present the
demographic data in the Results and use them in the
Discussion to calculate the loss of selectively neutral
heterozygosity.

2. Methods

Champion is a low tu� cone with eroded ¯anks of a
central lava crater forming cli�s up to 30 m high. It is a
circular island, �400 m in diameter, 46 m in maximum
elevation, and located less than one km from the north-
east coast of Floreana. Vegetation consists of large cacti
(Opuntia megasperma) interspersed with arid scrub
dominated by low Croton scouleri, Cordia lutea, and
Parkinsonia aculeata, and several species of plants in the
herb layer.
On a 17-day visit in August 1980 all mockingbirds on

the island were banded (by PRG). Observations and
banding were continued every year for the next 10 years.
RLC observed the population on this islet during brief
visits (1±7 days) in January and May 1981, January and
May 1982, and March and May 1983, and conducted
intensive study during the following periods: 24

December 1983±14 January 1984, 26 January±16 Feb-
ruary 1984, and 15±26 March 1984. Later brief (1 day)
visits were made in May 1984, January and May 1985,
June 1986, July 1987, February 1988, February 1989,
March 1990 and March 1991 for the purpose of mon-
itoring the populations and banding new birds. In most
years 95±100% of the birds were banded. The propor-
tion banded was at its lowest, 20%, in the ®nal year.
Mockingbirds were captured using wire cage traps

mainly, and occasionally mist nets. Less than 10% were
banded as nestlings. All were marked with one or two
colored plastic bands and, after 1981, a numbered alu-
minum band. The sex of many birds was determined by
wing length, veri®ed where possible by breeding obser-
vations, as explained in Curry (1989). Territories were
mapped (e.g. Fig. 2) and group composition determined
by observation according to criteria discussed in Curry
(1988a). All vegetated habitat on Champion was con-
tinuously occupied (see also Curry, 1989).
Thirty two adults were measured on Champion in

August 1980 and compared with measurements of thirty
three adults of the related species N. parvulus on Geno-
vesa in the preceding month. All measurements were
made by one of us (PRG) and have been described
elsewhere (Grant, 1981). The full set of measurements
are body mass (weight) in grams, wing length, tarsus
length, and three beak measurements, length, depth
(height) and width, all in millimeters. Morphological
variation in the two populations was compared in uni-
variate analyses. Squared coe�cients of variation were
compared by two-tailed F tests (Lewontin, 1966).

Fig. 1. Map of Champion and Gardner islands, satellites of Floreana.

Floreana was formerly Charles island, and is o�cially Santa MarõÂ a.
Fig. 2. Map of territories and adult group sizes in 1980 (see also

Curry, 1989).
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3. Results

3.1. Numbers

Champion was inhabited by between 24 and 53
mockingbirds in the years 1980±91. Density of adults
ranged from 2.1 to 4.9 adults/ha. These values are
comparable to densities of N. parvulus on Genovesa,
lower than some local densities of N. macdonaldi on
EspanÄ ola, but higher than those of N. melanotis on San
CristoÂ bal (Curry, 1987, 1989; Curry and Grant, 1990).
Mockingbirds occurred in groups varying from an

average of 2.4�0.52 (SD) (N=8), range 2±3, in 1990, to
a maximum of 4.5�0.73 (N=10), range 2±7, in 1984.
The number of territories varied from eight in 1990 to
12 in 1981 and 1991, with a mean of 10.4 and a coe�-
cient of variation of 13.86%. The number of breeders,
approximately twice the number of territories, varied
from 16 to 24 (Fig. 3). The number of non-breeding
adult members of the groups varied much more, from
three in 1991 to 23 in 1988, with a mean of 12.5 and a
coe�cient of variation of 53.95%.
Annual survival of adults varied from 0.178 (females,

1986±87) to 1.000 (males, 1987±88) with a mean for
sexes combined of 0.81�0.16 (SD). One individual,
hatched in 1981, lived to a minimum of nine years.
Three individuals were apparently missing from the
island for one year and re-sighted the next.

3.2. Behavior

On Champion, as on Genovesa, territories were
tightly packed together. In 1980 we saw no ``¯ick-®ght-
ing'' and very little aggressive behaviour associated with
territorial defence that is so conspicuous in the other
three species (Grant and Grant, 1979; Curry and Grant,
1990). However, low-intensity ¯ick-®ghts were observed
during the more detailed observations made in 1984,
and rarely in other years (e.g. 1991 but not in 1990).
Within groups individuals displayed typical dominant±

subordinate aggressive behavior, with old birds being
dominant (Grant, 1983; Curry, 1989).
Helping behavior at nests was observed frequently, as

in N. parvulus on Genovesa (Curry, 1988a,b, 1989).
Fifteen di�erent birds helped at one or more of the nine
nests observed on Champion between 1981 and 1984.
All helpers helped known full siblings or suspected full
or half siblings. No instances of close inbreeding were
observed, although the chances of detecting it were low
because the parents of most breeders were not known.
According to behavioral evidence close inbreeding
occurs on Genovesa (Grant, 1983; Curry and Grant,
1990).

3.3. Morphology

Mockingbirds are larger on Champion than on Gen-
ovesa, less so in beak dimensions than in wing and tar-
sus length (Table 1). Champion birds vary less than
Genovesa birds in all dimensions, but not in mass
(Table 1). We combined measurements of males and
females in each sample by adding to the female mea-
surements the di�erence between the male and female
means for each trait. For the combined samples the
di�erence in variation in bill length is highly signi®cant
(F � 3:33, N1 � 33, N2 � 32, P < 0:001 two-tailed),
with Genovesa birds being the more variable. Di�er-
ences in the other dimensions were not signi®cant
(P>0.1 in all cases).

Fig. 3. Annual variation in number of breeders (i.e. twice the number

of territories) and number of non-breeders (excluding juveniles).

Table 1

Morphological characteristics of Champion and Genovesa mock-

ingbirdsa

CHAMPION GENOVESA

Mean SE CV Mean SE CV

Males (N=13) Males (N=18)

Mass 65.31 1.25 6.908 56.67 0.54 4.138

Wing length 125.00 0.49 1.424 117.83 0.43 1.547

Tarsus length 39.49 0.28 2.349 34.73 0.21 2.637

Bill length 20.71 0.09 1.533 20.34 0.16 3.253

Bill depth 5.96 0.04 2.425 5.50 0.04 3.300

Bill width 5.58 0.06 3.719 5.22 0.04 3.492

Females (N=19) Females (N=15)

Mass 59.60 0.76 5.590 50.20 0.64 4.963

Wing length 117.58 0.34 1.250 110.13 0.48 1.677

Tarsus length 37.69 0.16 1.850 33.45 0.16 1.832

Bill length 20.13 0.08 1.759 19.57 0.14 2.748

Bill depth 5.66 0.03 2.371 5.16 0.04 3.090

Bill width 5.39 0.04 3.381 4.97 0.04 3.457

a Mass is in grams and dimensions are in millimeters. SE=standard

error; CV=coe�cient of veriation.
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4. Discussion

The population of mockingbirds on Champion would
appear to be prone to extinction. Not only is this
population very small, its environment is subject to
strong annual ¯uctuations in rainfall and primary and
secondary production. A 13 year study (1978±90) of the
related N. parvulus on Genovesa island has shown how
environmental variation a�ects mockingbird demo-
graphy (Curry and Grant, 1989, 1991). Under El NinÄ o
conditions of abundant and prolonged rainfall (1982±83
and 1987) birds breed several times with elevated clutch
sizes and produce a large number of ¯edglings. Under
the contrasting drought (La NinÄ a) conditions birds do
not breed and adult mortality increases. Our study of
mockingbirds on Champion is not as detailed, yet it
shows the same pattern of elevated populations in years
following extensive breeding (but not elevated clutch
sizes), and higher adult mortality in drought years such
as 1988 and 1989. Despite these manifest e�ects of
environmental variation the size of the breeding popu-
lation on Champion remained relatively stable at about
10 pairs.
The territorial, breeding and social system is an

important factor contributing to relative stability. Lim-
ited habitat is responsible for the small number of terri-
tories, and all habitat is occupied by territories. Young
birds help adults to rear o�spring before they them-
selves breed. They stay on territory and either breed
there or disperse to another territory and become a
breeder (Curry 1988a,b, 1989). There is little marginal
(coastal) habitat in which a non-territorial bird can for-
age and ®nd enough food to sustain itself. Therefore the
size of the population is larger than twice the number of
territories only as a result of tolerance of non-breeders
by breeders. The fraction of non-breeders varies
annually much more than the fraction of breeders.
A second reason why the population is extinction

prone is that, being small and isolated, it is likely to lose
genetic variation (e.g. see Baker et al., 1990; Mundy et
al., 1997a; Bouzat et al., 1998). Given its location close
to Floreana, and the suitability of habitat on the adja-
cent coast of Floreana, it is reasonable to believe that
the Champion population was formerly connected to
the Floreana population by occasional immigration
and gene ¯ow. That connection was broken when the
Floreana population became extinct. We assume that
the only other population on Gardner island is too far
away to be a source of immigrants. Therefore the
Champion population has been isolated from gene ¯ow
for the past 100±125 years. We base this estimate on
records from Floreana. The last specimen was collected
on Floreana by Kinberg in 1852 (Sundevall, 1871), and
the birds were last seen by a scientist (Habel) in 1868
(Salvin, 1876). They were searched for and not found in
1888, and therefore probably became extinct in the last

quarter of the nineteenth century, or perhaps even ear-
lier (Curry, 1986).
Using data from the population of N. parvulus on

Genovesa (Curry and Grant, 1989) and two, better
known, populations of Darwin's ®nches on Daphne
Major island (Grant and Grant, 1992) with similar
demographic properties to the population on Cham-
pion, we estimate the generation length of Floreana
mockingbirds to be between four and 5 years. Thus the
Champion population has been isolated for at least 20±
30 generations. Over this time period we would predict
that the population has become genetically depauperate
since the last century as a result of permanently small
numbers of breeders, inbreeding, drift, and the absence
of genetic input from immigration.
The loss of genetic variation can be expressed more

quantitatively. The reduction in heterozygosity at selec-
tively neutral loci is expected to be a function of popu-
lation size (N) and time in generations (t), and to occur
at a rate of 1ÿ 1= 2Ne � 1� �� �t, according to a standard
formula from population genetics (Crow, 1986); Ne

refers to the genetically e�ective population size. With
an assumed stable population size of 20 breeders,
monogamy, an equal sex ratio and a Poisson distribu-
tion of o�spring per family, so that Ne � N, the popu-
lation is expected to lose 39% of its heterozygosity in 20
generations, or 52% in 30 generations. This assumes
random mating and no replenishment of genetic varia-
tion by mutation. Experience with other bird popula-
tions (Grant and Grant, 1992) suggests that Ne << N,
therefore the rate of loss heterozygosity is in reality
likely to be much higher.
Comparable values for the loss of genetic variation in

the only other population of this species on Gardner are
18 and 26%. These estimates are obtained by assuming
the population to be similarly stable but at a size 4 to 5
times greater than on Champion, i.e. a maximum of 100
breeders. On two separate 1-day visits (21 August 1980
and 14 March 1991) to Gardner we estimated the
population size to be at least four times greater (>200
birds) than the Champion population size. However, on
two other visits in 1984 (February 16 and April 2) our
estimates were closer to 3 times the size of the Cham-
pion population. Harris (1973) gives a ®gure of 150
individuals for the populations on Champion and
Gardner combined; therefore 2±3 times more on Gard-
ner than on Champion. If this lower ®gure of 150 is
accepted the estimated loss of genetic variation in the
Gardner population will be greater than the estimated
loss of 18±26% given above. The number of breeding
groups and the degree of population stability on Gard-
ner are not known.
Simple predictions from the preceding theoretical

reasoning are (1) selectively neutral genetic variation
should be lower in the Champion population than in the
Gardner populations, and (2) both populations should

288 P.R. Grant et al. / Biological Conservation 92 (2000) 285±290



have less genetic variation than populations of related
species on larger islands such as N. parvulus on Geno-
vesa, N. melanotis on San CristoÂ bal and N. macdonaldi
on EspanÄ ola. From the estimated rates of loss in the two
populations it should be possible to crudely estimate the
original standing variation in the Floreana population.
These predictions will be tested with microsatellite

DNA loci (cf. Mundy et al., 1997a). Already a pre-
liminary analysis with minisatellite DNA data has been
carried out, and it provides support for prediction (2).
Gergel (1991) used the Je�rey's probe on blood samples
from 14 mockingbirds of unknown relatedness from
Champion, seven mockingbirds (N. parvulus) from
Genovesa that were not closely related and two large
ground ®nches (Geospiza magnirostris) from Daphne.
All 14 of the samples from Champion had identical
banding patterns, no two samples from Genovesa were
identical, and both sets di�ered from the banding pat-
terns of the two ®nch samples. Resolution of the pat-
terns was not clear enough for a quantitative
comparison, but was clear enough to justify a tentative
conclusion: the observations are consistent with the
hypothesis that the Champion population of mocking-
birds, unlike the one on Genovesa, is genetically
depauperate as a result of inbreeding and drift.
The consequences of inbreeding are di�cult to gauge.

In theory, it should lead to a purging of strongly dele-
terious recessive alleles in homozygous state from a
small population (Me�e and Carroll, 1994). The popu-
lation may then persist for some time, even at very low
numbers and reduced genetic variation (e.g. Butler and
Merton, 1992; Ardern and Lambert, 1997; Ardern et al.,
1997; Mundy et al., 1997b), although it will continue to
lose mildly deleterious alleles by selection unless they
are ®xed through drift (van Noordwijk, 1994; Vri-
jenhoek, 1994). The Champion population may have
already lost the most deleterious alleles. We observed no
signs of developmental abnormalities. The study was
not su�ciently detailed to detect possible inbreeding
depression in the form of reduced hatching success of
eggs or reduced survival of adults attributable to genetic
constitution when under environmental stress (e.g. Kel-
ler et al., 1994). We found a reduced level of phenotypic
variation in beak length in comparison with N. parvulus
on Genovesa, a large and outbred population in which
nevertheless inbreeding does occur (Grant, 1983; Curry
and Grant, 1990). Reduced phenotypic variation may
re¯ect reduced genetic variation, although other expla-
nations involving uncontrolled sources of environ-
mental variation (during growth, and later abrasion)
cannot be excluded.
Small populations are vulnerable to disease organisms

and predators to which they have not been previously
exposed. A loss of genetic variation might make them
especially susceptible to epizootics. One observation
suggests that this state of relative defenselessness has

not yet been reached. Pox virus is presumed to have
been brought to the GalaÂ pagos last century when
chickens were introduced. Pox was strongly suspected of
being the cause of increased mortality during the 1982±
83 El NinÄ o event because symptoms of infection were
seen on Champion similar to those observed on Geno-
vesa (Curry and Grant, 1989; see also Vargas, 1987).
However, this did not o�set the prolonged and success-
ful breeding in 1983. Moreover the e�ects of pox on
both adult and juvenile survival were more severe in the
Genovesa population (Curry and Grant, 1989).
The population does not exist in a predator-free

environment. Known or potential predators on the
island are resident snakes (Alsophis biserialis) and night-
herons (Nyctanassa violacea), and visiting short-eared
owls (Asio ¯ammeus), lava herons (Butorides sundevalli)
and possibly GalaÂ pagos hawks (Buteo galapagoensis).
Introduced mammals are not known from the island.
We did not witness any predation event, and the only
signs of predation we encountered were the remains of a
single mockingbird in one out of 129 owl pellets exam-
ined in 1980 by K. T. Grant (pers. comm.). Nevertheless
the fate of the mockingbird population on Floreana
illustrates how vulnerable the much smaller populations
on Champion and Gardner must be. Extinction has
been attributed to (a) human hunting (Rothschild and
Hartert, 1899), (b) predation by dogs or cats (Swarth,
1931), (c) disappearance of Opuntia megasperma, a
favored place to nest and a source of food, caused by
goats (Steadman, 1986) or, more plausibly, (d) preda-
tion at the nest by introduced black rats, Rattus rattus
(Curry, 1986). Whatever the particular reason or com-
bination of reasons, human interference is at the core, as
on islands elsewhere (Mayer and Chipley, 1992; Pimm
et al., 1994; Steadman, 1995).
We conclude that as long as Champion and Gardner

remain free of goats, rats and new diseases the popula-
tions of mockingbirds appear to be secure. Fluctuations
in natural environmental conditions, although strong,
are not su�cient to imperil the populations in the short-
term. These conclusions need to be assessed with a more
detailed analysis of demography through computer
modelling (Curry and Grant, in preparation). Over the
long-term the populations may not persist if (a) the cli-
mate changes and droughts become more frequent, and
(b) continuing loss of genetic variation has deleterious
e�ects on individual ®tnesses. For these reasons, and
because they can be considered a model of fragmented
populations, they deserve to be monitored and investi-
gated further, preferably on an annual basis.
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