BREEDING, MORPHOLOGY, AND GROWTH OF THE
ENDANGERED DARK-RUMPED PETREL
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ABSTRACT.—Dark-rumped Petrels (Pterodroma phaeopygia phaeopygia) in the Galapagos ar-
chipelago breed on several islands. Life-history characteristics such as mate and site fidelity,
large egg size, long incubation periods, long incubation bouts, and chick growth patterns
are similar to those of other procellarids. Adults nest annually, but the timing of breeding
is out-of-phase among the islands of Floreana, Santa Cruz, and Santiago. Banding data for
1,500 adults and juveniles indicated that little or no interbreeding occurs among islands.
From adult morphological characteristics measured during five years on Floreana and one
year on both Santiago and Santa Cruz, we found that on Floreana, adults were sexually
monomorphic in all measured characteristics except bill height, and the adults from Floreana
tended to be larger in both size and mass than adults from the other two islands. The possibility
that each island’s population is distinct should be considered when formulating management
plans concerning this species. Received 10 May 1989, accepted 6 November 1989.

THE DARK-RUMPED Petrel (Pterodroma phaeo-
pygia phaeopygia) breeds on at least four of the
islands in the Galapagos archipelago: Floreana,
Santa Cruz, Santiago, and San Cristobal. They
adhere to a rigid, annual breeding schedule;
most other Galapagos seabirds breed semian-
nually or opportunistically (Harris 1977, Valle
et al. 1987). Adult petrels return repeatedly to
the same island-specific colonies to breed, and
they probably disperse over broad areas of the
eastern Pacific Ocean between breeding at-
tempts (Murphy 1936). The Dark-rumped Petrel
is endangered at all of its breeding sites (King
1981).

We studied aspects of petrel breeding biology
including mate and site fidelity, egg size, and
adult weight loss during incubation bouts. We
also compared the breeding chronologies of col-
onies on Floreana, Santa Cruz, and Santiago;
and we examined adult morphological charac-
teristics and chick growth from all three islands.

The breeding biology of the Dark-rumped
Petrel on Santa Cruz was studied previously by
Harris (1970). Tomkins (1985) surveyed the ar-
chipelago in 1978-1979 and suggested that
breeding was not synchronized among islands.
This was supported by Coulter et al. (1981, 1982
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unpubl.) who found differences in the initia-
tion of breeding among different colonies on
Floreana. We studied the breeding biology of
the petrel on Floreana as a corollary to a con-
servation effort that alleviated petrel mortality
through control of introduced mammalian
predators (Cruz and Cruz 1987a, b; J. B. Cruz
and F. Cruz 1987).

MATERIALS AND METHODS

Study areas.—We collected data from three locations
in the Galapagos National Park in 1981, and 1983-
1986 (Fig. 1). The colony on Floreana Island (1°13'S,
90°22'W) was located in a dormant volcano (Cerro
Pajas) at 300-640 m above sea level (asl). We sampled
petrels from the most accessible and least fragile nests
along the interior walls of the volcano to minimize
disturbance (J. B. Cruz and F. Cruz 1987). On Santa
Cruz Island (0°9'S, 90°21'W), we sampled nests in the
Media Luna colonies and their environs at 600-800
m asl. In these colonies, petrels frequently dig their
burrows into the soft soil of water gullies (Harris
1970). We also studied petrels in the highlands of
Santiago Island (0°8'S, 90°32'W), where colonies were
widely scattered. Petrels on this island nest in small
groups located in an area of at least 35 km2 We mon-
itored ca. 25 km2 We found most nests deep in caves
and other hard-to-reach areas at 500-900 m asl.

Field methods.—On Floreana we checked 43 nests
(1981), 104 nests (1983), and 100 nests (1984, 1985, and
1986) from January through September. We assessed
nests at least weekly, but more frequent checks were
made in some years.

We banded all adults with 7-mm diameter num-
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Fig. 1. Map of the Galapagos archipelago with its

location near the South American continent indicated
in the upper right insert. The approximate locations
of the colonies we studied are indicated by squares.

bered bands from the British Museum (Natural His-
tory). We followed pairs marked from previous years
and documented losses or changes of partner. We
captured adults by hand in burrows and determined
their gender by cloacal inspection just after egg laying
(Copestake et al. 1988). We measured 708 adults on
Floreana, 25 adults on Santiago, and 52 adults on
Santa Cruz. In 1985, we also measured chicks weekly
and banded them before fledging (Floreana, n = 15;
Santiago, n = 14; and Santa Cruz, n = 10).

We weighed birds with 300 (£2 g), 500 (£5 g) or
1,000 g (=10 g) Pesola spring scales. Wing length was
measured (+1 mm) from the wrist joint to the tip of
the longest primary or feather sheath, if primaries
had not erupted. We measured the length of the tar-
sometatarsus (£0.1 mm), and the culmen (*+0.1 mm)
from the tip of the upper mandible to the edge of the
forehead feathers (we referred to this value as bill
length in the remainder of the paper). Bill height and
width were measured at the nostrils. We measured
tail length (+1 mm) from the tip of the longest rectrix
to the point between the middle rectrices where they
emerged from the skin (Baldwin et al. 1931).

We measured egg length and width (0.1 mm)
once during the incubation period. In 1981, we
weighed eggs weekly with a 100-g balance (1 g). In
other years we weighed eggs once only. Because pe-
trels are burrow nesters, it was difficult to find newly
laid eggs and follow them at frequent intervals.
Therefore, we used egg density (g/cc) to estimate egg-
laying and hatching dates. Eggs lose mass during in-
cubation, and egg mass varies with egg size. However,
egg density is much less variable. We calculated egg
density using the following formulas: density = mass/
volume, egg volume = wlw?/6, and therefore, egg
density = 6m/xlw?, whese | = egg length, w = egg
width, and m = egg mass (Furness and Furness 1981).

We made morphological observations through the
nestling period. The data were analyzed for chicks of
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known age (to within 3 days) that lived beyond 85
days, or were known to have fledged successfully. In
1986, we followed an additional 20 nests daily from
the prelaying season through fledging. Here we
banded each adult as it returned to the nest. We marked
one of each pair with additional black spots on the
neck and gular region in order to more easily distin-
guish between members of a pair. This reduced dis-
turbance during daily observations. We documented
the length of incubation bouts taken by each adult,
and we measured mass loss twice a week. Incubation
bout length for both birds is underestimated because
of missing observations.

On Santa Cruz we followed 100 nests weekly from
July to November in 1985 and 1986. On Santiago we
monitored 205 nests from February to August and
again in October of 1985. We monitored 50 nests dur-
ing a 14-day visit in June 1986. Different workers
made observations on each island, but the same ob-
server took measurements at each nest to assure uni-
formity. In 1986 a single observer collected data from
adult petrels on all three islands.

Data analysis. —We analyzed all quantitative data
with the SAS statistical package on an IBM VM370
computer at the University of Connecticut. Length of
incubation period was compared among years with a
one-way ANOVA. We tested for correlation between
estimated length of incubation bouts and loss of adult
mass using Pearson’s correlation coefficients followed
by the Kruskal-Wallis test.

We analyzed adult petrel measurements from 1986
for interisland differences using a two-way ANOVA,
followed by Scheffé, Bonferroni, Kruskal-Wallis, and
Mann-Whitney tests (Snedecor and Cochran 1980).
We also analyzed differences among islands and be-
tween genders using a multivariate MANOVA, stan-
dardized to the same scale for purposes of compari-
son. We used 0.05 probability levels for all tests of
adult morphology, except where noted. Means (%) are
followed by one standard deviation (SD).

We estimated chick growth rates using iteration to
fit the logistic, Gompertz, and von Bertalanffy equa-
tions to the data for each variable. We then analyzed
for goodness-of-fit by nonlinear least squares regres-
sion (Ricklefs 1967). The Richards growth model was
an attractive alternative to these methods, but it may
be sensitive to small errors in determination (Brisbin
et al. 1986). We therefore used the logistic equation
which provided the best approximation to the data:
M=A(1+ be *)"!, where M is the measured variable,
A approaches the maximum measure, b is the pro-
portional gain from the initial measure to the final
measure, ¢ is time, and K is a constant which is pro-
portional to the overall growth rate.

We omitted from analysis the data on body mass
for chicks undergoing prefledging mass recession. We
then compared the derived growth constants for in-
terisland differences using the Kruskal-Wallis test.
Because chick mass declines from its maximum for
about a month before fledging, we were able to ap-



April 1990]

proximate the maximum mass and size of chicks on
all islands. On both Santa Cruz and Santiago, how-
ever, there were too few observations at the end of
the breeding season to analyze fledging ages or fledg-
ing mass.

RESULTS
BREEDING

Behavior at the colony.—Dark-rumped Petrels
are nocturnal at the colony, arriving at approx-
imately 1845. Their loud calling and flying above
the colony may last through the night, but more
often activity is bimodal with a lull between
2200 and 0200. Because breeding adults have
already established pair bonds and birds with
eggs do not leave their burrows during incu-
bation (Coulter et al. 1982 unpubl.), subadults
appear to do most of the courtship flying and
calling. Similar to Dark-rumped Petrels in Ha-
waii (P. phaeopygia sandwichensis), nonbreeders
appear to desert the colony after several months,
and levels of nocturnal vocalization then de-
crease (Simons 1985). Failed breeders do not
attempt a second breeding, and lengthen the
nest cavity for up to 3 weeks after egg or chick
loss.

Mate and site fidelity.—During the study we
banded both birds of 165 pairs on Floreana (or
40% of the total). Of these marked pairs, 11 birds
(3%) changed nest cavities (3 male, 7 female,
and 1 unsexed). At the new nest, we found that
1 male and 6 females had acquired new mates.
At least seven of the birds that switched mates
came from collapsed nesting cavities; the new
nests were within 10 m of the old. We also
documented another seven birds (2%) that
changed partners but not nest sites.

By 1986, we had banded ca. 1,500 adults and
juveniles out of an archipelago-wide popula-
tion roughly estimated as 10,000 (Cruz and Cruz
1987a). Although we banded several hundred
adults from each island (800 on Floreana, 250
on Santiago, and 250 on Santa Cruz), none were
recovered away from the breeding or natal col-
ony (i.e. at another colony). Most breeders were
recovered at the same nest site with the same
partner. We believe that little interchange oc-
curs among the colonies.

Laying. —For several weeks after their return,
birds visited their nesting cavities individually
or in pairs to remove debris and add new nest
material. Often the nest chamber was enlarged
or the burrow elongated. Nests usually con-
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Fig. 2. Breeding chronology of petrels on Flo-
reana, Santa Cruz, and Santiagc is out-of-phase be-
tween islands and is not highly synchronized within
each colony.

sisted of a few twigs, leaves, and moss. Birds
were absent from the nest following renovation
and before laying for ca. 34 + 2.8 days (n = 4).

As time of laying approached, the male re-
turned to the nest before the female 88% of the
time (n = 20). He spent 2-3 days in the burrow,
and if the female was not present during this
time, he left and returned 5-10 days later. In
most cases, the arrival of the female and sub-
sequent laying of the egg occurred during the
male’s second visit.

Breeding phenology was not synchronous
among islands (Fig. 2). Petrels arrived in Jan-
uary on Santiago where egg laying commenced
by early February. Petrels that breed on Santa
Cruz began to arrive in late April (Harris 1970),
and egg laying commenced in early June. The
earliest birds returned to Floreana in October
and started laying by mid-December.

Adults laid a single egg per pair. On average
the eggs weighed 65.5 = 3.25 g (n = 40) when
newly laid, and 57.8 & 4.48 g (n = 9) at hatching
(this study, Coulter et al. 1982 unpubl.). At lay-
ing the egg was ca. 16% of adult body mass and
thus relatively large compared with body size
(Rahn et al. 1975). Egg density decreased from
laying until hatching almost linearly and was
approximated by the regression equation, y =
ax + b, where a = —0.0028,b = 1.0479, and x
egg density. We estimated the dates of laying
and hatching for eggs of unknown age and also
for some eggs of known age using the regres-
sion equation. For eggs of known age, we found
that 80% (n = 8) were laid within 5 days of the

i
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predicted date while 90% (n = 10) hatched with-
in 3 days of the prediction.

Incubation and hatching.—Length of incuba-
tion period did not significantly differ among
years on Floreana. The average time was 50.2
+ 5.72 days (n = 239). Both members of a pair
incubated the egg and exchanged nest duties
4-6 times during the period. Males incubated
first, with only one exception in 16 pairs, and
were relieved by their partners an average of
10 days later (mean of uninterrupted bouts =
9.97 + 2.75 days, n = 66). The nonincubating
adult was presumed to be foraging at sea. Males
generally took three incubation bouts and fe-
males took two (n = 12). But there were excep-
tions to this pattern. In some, the egg hatched
after two male and two female bouts (n = 2). In
others, the female took three turns and the male
took two (n = 1), or both male and female took
three bouts (n = 1).

The length of bouts taken by either males or
females was similar (Fig. 3). However, the last
bout was abbreviated by hatching (¥ = 5.80 %
2.27 days, n = 15), and was shorter than earlier
bouts (Kruskal-Wallis x* = 37.36, df = 5, P <
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0.0001). Length of incubation bout and rate of
mass lost by the adult were not correlated. Males
and females lost similar mass per day (¥ male
loss = 6.3 = 1.70 g/day and ¥ female loss = 6.05
+ 1.61 g/day), and this rate did not vary over
the incubation period. Males, however, spent
an average of 26.8 = 2.8 days at the nest, and
lost ca. 168 g over the incubation period. Fe-
males spent an average of 19.4 + 2.5 days at the
nest and lost ca. 117 g over the incubation pe-
riod. The difference, ca. 51 g, approaches the
mass of the egg.

On Santiago hatching occurred between 8
April and 14 August 1985 (range = 129 days),
and on Santa Cruz the period stretched from 8
August to 15 November 1985 (range = 99 days).
On Floreana hatching extended from 23 Feb-
ruary to 22 May. Fledglings left Santiago be-
tween mid-July and the beginning of December
(range: ca. 130 days), and they departed Santa
Cruz from early December to the end of Feb-
ruary (range: ca. 90 days). On Floreana the young
left the nest between 13 June and 7 September
after remaining in the nest on average 112.1 =
4.3 days (n = 197).

ADULT MORPHOLOGY

The two-way ANOVA on measurements of
Floreana Island birds for 1981 and 1983-1986
indicated that adult birds were sexually mono-
morphic in all measured characteristics except
bill height (n = 150 males and 166 females).
Males had deeper bills than females (¥ = 11.9
+ 0.04 mm vs. ¥ = 11.4 = 0.04 mm; F = 20.73,
df =1, 132, P < 0.001).

On average, male petrels from Floreana (n =
50) were heavier and larger than birds of both
sexes from other islands for all variables except
bill width (Santiago, n = 13 males and 11 fe-
males; Santa Cruz, n = 20 males and 23 females).
There was no difference in bill width among
males from the three islands (Fig. 4). Females
from Floreana (n = 40) were also heavier and
larger than females from the other islands. Dif-
ferences between birds from Santiago and Santa
Cruz were less consistent than those between
Floreana adults and adults from the other is-
lands.

Using a MANOVA, we found that bill height,
bill width, and bill length were the most im-
portant characteristics in distinguishing be-
tween the sexes. Males had deeper, broader, and
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1986.

longer bills than females. Differences among
islands were distinguished most strongly by
tarsal length (Fig. 5) followed by bill height
(Fig. 6). Birds of Floreana had longer tarsi and
deeper bills than other birds.

CHICK GROWTH

Chicks from all colonies followed similar
growth patterns (Fig. 7). Chick mass increased
rapidly for 10-11 weeks, and reached a maxi-
mum at ca. 134% of adult mass. Mass then re-
mained constant for 2-3 weeks while feathers
grew and down was lost from the face and wings.
Mass was lost over the last few weeks, but feath-
ers continued to grow. Tail feathers grew quick-
ly after ca. 65 days. The bill and tarsus devel-
oped rapidly during the early chick stage,
attaining close to their maximum size by day
60 and growing more slowly thereafter. Wing
length increased throughout the nestling pe-
riod. Primaries erupted at approximately day
40, and the wing was still growing when the
chick fledged. Chicks on Santiago and Santa
Cruz were not monitored long enough to de-
termine fledging mass. On Floreanain 1985, the
average fledging mass was 440.2 + 31.2 g, sim-
ilar to adult mass.

The fitted logistic curve of mass increments
from all islands (Fig. 8) and the growth con-
stants (K) derived from the curve fitting pro-
cedure (Table 1) indicated that tarsus and mass

increased more quickly in Floreana chicks than
in chicks of the other islands.

DISCUSSION

Mate fidelity and adult survival. —Our banding
data indicate that the Dark-rumped Petrel is a
long-lived seabird. The life span is not known
with certainty, but Simons (1984) estimated a
maximum of 36 years. On Santa Cruz, we re-
covered petrels banded as breeding adults 20
yr previously, so Simons’ estimate is not un-
realistic. Mate fidelity is common among long-
lived seabirds and has been observed in alba-
tross (Rice and Kenyon 1962), shearwaters
(Brooke 1978), and other petrels (Warham 1967).

Long life may have several effects on breed-
ing biology, particularly in a species where a
high proportion of birds exhibit mate fidelity
to the partner of the previous year (Coulson
1966). In this situation the pair bond can be
reformed more quickly than with a strange adult,
especially if both birds of the pair return to the
same site. The high degree of philopatry and
mate fidelity in Dark-rumped Petrels imply that
both forms of tenacity improve petrel repro-
ductive success. When fidelity is pronounced,
however, the breaking of a pair bond due to
unnaturally high adult mortality may delay re-
breeding attempts because of the difficulty in
forming a new pair bond (Van Ryzin and Fisher
1976).
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Harris (1970), Coulter et al. (1981), Tomkins
(1985), and J. B. Cruz and F. Cruz (1987) blamed
introduced mammalian predators for the low
levels of reproductive success and abnormally
high levels of adult mortality found in all the
colonies. When exotic predators were not con-
trolled in the Cerro Pajas colony, only 33% of
the birds banded by Coulter and co-workers in
1981 returned (Coulter et al. 1982 unpubl.). In
1984 and 1985, with control of introduced pred-
ators, we found that 80-90% of previously band-
ed birds returned and attempted to breed. This
leads us to suspect that, currently, survival of
adult birds is low in the absence of protection
measures. Simons’ (1984) population model for
the Hawaiian Dark-rumped Petrel indicated that
as little as a 10% reduction in adult survival
might induce an annual population decline of
ca. 5%. This estimate emphasizes the extreme
vulnerability of these birds to introduced pred-
ators.

Timing of breeding. —Breeding occurred in the
archipelago at all times of the year and initia-
tion of breeding was not tightly synchronized
on any island. Cues thought to synchronize the
initiation of breeding in tropical regions (Im-
melman 1973), such as the timing of rainfall or
changes associated with temperature, probably
did not operate in this case. As food is thought
to be available throughout the year in the Ga-
lapagos (Harris 1969), initiation of breeding may
depend on when productive feeding grounds

are closer to each island. Unfortunately, docu-
mentation of fluctuations in marine productiv-
ity in the Galapagos is incomplete (Feldman et
al. 1984), and we do not know the distribution
of the petrel’s prey in Galapagos waters.
Alternatively, social interactions coupled with
endogenous rhythms may synchronize breed-
ing in areas where environmental cues are lack-
ing (Chapin 1954). Synchronization is favored
because a bird that does not return to the ar-
chipelago when other birds return misses a re-
productive opportunity. Perhaps separate col-
onization events, supported by the year-round
food supply, and then reinforced by high mate
and site fidelity, rigid annual breeding, and pair

600+

400

Mass (g}
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Fig.8. Approximated growth of mass for the 1985
cohort of petrel chicks from three islands.
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TABLE 1.
*=P < 0.006, ** = P < 0.0001). Values are ¥ + SD.
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Logistic analysis of growth variables for petrel chicks on three islands in 1985 (Kruskal-Wallis test,

Growth constants (K)

Island n Mass Wing Tarsus Bill length
Floreana 15 0.060 + 0.009 0.037 + 0.009 0.070 + 0.015 0.040 + 0.010
Santiago 14 0.042 + 0.016 0.039 x 0.005 0.042 + 0.016 0.040 + 0.012
Santa Cruz 10 0.040 + 0.001 0.041 x 0.002 0.044 + 0.002 0.041 + 0.001
x? 23.97** 10.14* 21.33** 0.22

synchronization through social interactions,
have led to the differences in time of breeding.

Laying and incubation.—Petrels have a much
larger egg in relation to their body mass than
many other seabirds. King (1973) suggested that
egg production requires relatively large amounts
of energy, so the long prelaying absence after
copulation may be important to the female in
acquiring the energy necessary for egg produc-
tion. It would also allow the male to store suf-
ficient energy reserves for the first incubation
shift. A long absence before laying has also been
reported in other petrels (see Warham 1967,
Grant et al. 1983).

A large egg enables the chick to hatch with
a food reserve and probably increases the rate
of survival through the initial post-hatching pe-
riod until the first meal (Drent and Daan 1980).
Another benefit of a large egg may be a slower
rate of cooling when unattended during incu-
bation. Although we did not quantify length or
frequency of egg neglect, Floreana birds tem-
porarily deserted eggs that hatched successfully
after incubation was resumed. Tomkins (1985)
and Harris (1970) also reported egg neglect at
the Santa Cruz colony. Temporary desertion of
the egg is usually associated with failure of the
partner to relieve its sitting mate (Gardner et
al. 1985). It is widely reported among the Pro-
cellariiformes and is associated with distant for-
aging habits and long incubation bouts (War-
ham 1956, 1977; Boersma and Wheelwright
1979).

Incubation bouts of 10 days were similar to
those reported for other Pterodroma species (e.g.
% = 8.8 £ 0.7 days in the Bonin Petrel, P. hy-
poleuca [Grant et al. 1983), and ¥ = 9.3 £ 1.0
days in the Herald Petrel, P. arminjoniana [Gard-
ner et al. 1985]). Because both sexes of the Dark-
rumped Petrel were of similar size, it is not
surprising that incubation duties were shared
almost equally.

On average, adults lost 6.2 g/day during in-
cubation, or ca. 1.5% of their body mass. An
average incubation bout would therefore result
in a loss of 62 g (ca. 15% of body mass). The
longest bout was 17 days, with a loss of ca. 105
g (ca. 25% of adult mass). Bout length and mass
loss were below the maxima reported by Simons
(1985) for the Hawaiian subspecies, where the
longest bout was 23 days with a loss of 7.08
g/day or a total of 163 g (35.5% of initial mass).
The shorter bout length and lower mass loss of
the Galapagos petrel may, in part, reflect the
lower elevation at which this subspecies nests.
Alternatively, it may reflect shorter traveling
times to foraging areas.

Differences among islands.— Adults from Flo-
reana tended to be larger in both size and mass
than adults from the other two islands. Adults
from Santiago were larger than Santa Cruz adults
for some characteristics, and smaller in some
others. Tarsal length was the best indicator of
island of origin, and the shape and length of
the bill also tended to vary between genders
and among islands. The small measurable dif-
ferences of these characteristics, however, make
them inconvenient for distinguishing among
birds of different islands in the field. The dif-
ferences in bill size might be involved in pair
formation, or they might reflect differences in
foraging behavior or in types and sizes of prey
captured.

In our analysis of chick growth, we found K
values which indicated some interisland differ-
ences in rates of growth; but, sample sizes were
small and measurements across the three is-
lands were taken during a single year. Growth
approximations from a larger sample taken over
a 5-yr period are available for Floreana Island.
The between-year variation in chick growth on
Floreana was greater than the interisland vari-
ation in a single year (Cruz and Cruz 1990).
Because fluctuations in food resources can affect
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growth, especially in species with slow-grow-
ing chicks (Lack 1968), it is difficult to gener-
alize about observations over a single season.
The differences in growth could be an artifact
of a variable food supply or differences in the
distance to foraging areas from the different
islands. Alternatively, the differences in growth
may reflect real differences between the pop-
ulations.

Coulter et al. (1982 unpubl.) and Tomkins
(1985) discussed the possibility of distinct pop-
ulations of petrels based on interisland differ-
ences in morphology, egg size, breeding chro-
nology, and vocalizations. Our data support their
conclusions on differences in time of breeding,
differences in size of adults on different islands,
and lack of interchange among breeding aduits
from different colonies. However, interchange
is less likely to occur between breeding adults
that have already developed pair bonds and nest-
site tenacity, than among prebreeding sub-
adults. We have not documented if interchange
occurs for this age class of petrels. Perhaps the
best test of the hypothesis that these popula-
tions are indeed isolated is through genetic
analysis.

The life-history traits of Dark-rumped Petrels
(including a one-egg clutch, egg neglect, long
incubation period, and long incubation bouts)
are like those of other procellarids. Other as-
pects of their biology (including age of first
breeding and genetic similarities or differences
among populations) remain unknown. Differ-
ences in timing of breeding, and lack of inter-
change among colonies, suggest that petrels may
form distinct populations on different islands.
A species subdivided into several populations
is sometimes less susceptible to global extinc-
tion than a species consisting of only one pop-
ulation (Slobodkin 1986). From the standpoint
of breeding populations, however, each colony
should be considered individually. Managers
must incorporate this factor into their conser-
vation plans and, if feasible, make an effort to
maintain breeding colonies on all of the islands
so that existing diversity is not lost.

ACKNOWLEDGMENTS

We are grateful to M. Coulter, F. Koster, G. Reck,
M. Cifuentes, and World Wildlife Fund-International,
which supported the project in the field (1982-1987).
A grant from the Hawaiian Audubon Society (1988)
aided with data analysis. The Galapagos National Park

Dark-rumped Petrel Breeding

325

allowed access to petrel nesting areas, and the staff
of the Charles Darwin Research Station helped with
the logistics and administration of the project. Many
workers contributed their time and energy in the fieid;
we thank them all, especially J. Astudillo, A. Calde-
ron, M. H. Cornejo, C. and E. Cruz, G. Estes, D. Evans,
M. Fabara, M. Pozo, H. Sanchez, and A. San Miguel.
Others who contributed freely of their time and ad-
vice include B. Bell, A. H. Brush, G. Clark, L. Fieldler,
M. Given, J. Keith, F. Streams, and K. Wells. We are
particularly grateful to U. Koehn for his considerable
help and advice with statistical analysis, and to C.
Lewis, B. Nodden, and M. J. Spring for help drawing
the figures. This is contribution no. 448 of the Charles
Darwin Foundation for the Galapagos Islands.

LITERATURE CITED

BaLpwin, S. P, H. C. OBERHOLSER, & L. G. WORLEY.
1931. Measurements of birds. Cleveland, Cleve-
land Mus. Nat. Hist.

BoersMA, P. D., & N. T. WHEELWRIGHT. 1979. Egg
neglect in the Procellariiformes: reproductive ad-
aptations in the Fork-tailed Storm-Petrel. Condor
81: 157-165.

BrisBiN, I. L., Jr.,, G. C. WHITE, P. B. BusH, & L. A.
MAYAck. 1986. Sigmoid growth analyses of
Wood Ducks: the effects of sex, dietary protein
and cadmium on parameters of the Richards
model. Growth 50: 41-50.

BROOKE, M. DE L. 1978. Some factors affecting the
laying date, incubation and breeding success of
the Manx Shearwater, Puffinus puffinus. J. Anim.
Ecol. 47: 477-495.

CHAPIN, J. P. 1954. The calendar of Wideawake Fair.
Auk 71: 1-15.

COPESTAKE, P. G., J. P. CROXALL, & P. A. PRINCE. 1988.
Use of cloacal sexing techniques in mark-recap-
ture estimates of breeding population size in Wil-
son’s Stormpetrel Oceanites oceanicus at South
Georgia. Polar Biol. 8: 271-279.

CoULsoN, J. C. 1966. The influence of the pair-bond
and age on the breeding biology of the Kittiwake
Gull Rissa tridactyla. J. Anim. Ecol. 35: 269-279.

Courter, M. C, T. BeacH, F. Cruz, W. EISELE, & P.
MARTINEZ. 1981. The Dark-rumped Petrel, Pte-
rodroma phaeopygia, on Isla Floreana, Galapagos.
Charles Darwin Res. Stn. 1981 Annu. Rep.: 170-
173.

Cruz, F., & J. CRUz. 1987a. The Dark-rumped Petrel
(Pterodroma phaeopygia phaeopygia) conservation
project. Charles Darwin Res. Stn. 1984-1985 Annu.
Rep.: 73-78.

, & . 1987b. Control of black rats Rattus
rattus and its effect on nesting Dark-rumped Pe-
trels in the Galdpagos Islands. Vida Sylvestre
Neotropical 2: 3-13.

Cruz, J. B, & F. CRuz. 1987. Conservation of the
Dark-rumped Petrel Pterodroma phaeopygia in the




326

Galapagos Islands, Ecuador. Biol. Cons. 42: 303-

311.

, & . 1990. Effect of El Nifio-Southern
Oscillation conditions on nestling growth rate in
the Dark-rumped Petrel. Condor. In press.

DRENT, R. H., & S. DAAN. 1980. The prudent parent:
energetic adjustments in avian breeding. Ardea
68: 225-252.

FELDMAN, G., D. CLARK, & D. HALPERN. 1984. Sat-
ellite color observations of the phytoplankton
distribution in the eastern equatorial Pacific dur-
ing the 1982-1983 El Nifio. Science 226: 1069-
1070.

FURNESS, R. W., & B. L. FURNEss. 1981. A technique
for estimating the hatching dates of eggs of un-
known laying date. Ibis 123: 98-102.

GARDNER, A. S, C. D. Duck, & S. GREIG. 1985. Breed-
ing of the Trinidade Petrel Pterodroma arminjon-
iana on Round Island, Mauritius. Ibis 127: 517-
522.

GRANT, G.S.,]. WARHAM, T. N. PETTIT, & G. C. WHITTOW.
1983. Reproductive behavior and vocalizations
of the Bonin Petrel. Wilson Bull. 95: 522-539.

HArris, M. P. 1969. Food as a factor controlling the
breeding of Puffinus lherminieri. Ibis 111: 139-156.

. 1970. The biology of an endangered species,

the Dark-rumped Petrel (Pterodroma phaeopygia)

in the Galapagos Islands. Condor 72: 76-84.

1977. Comparative ecology of seabirds in
the Galapagos Archipelago. Pp. 65-76 in Evolu-
tionary biology (B. Stonehouse and C. M. Perrins,
Eds.). London, Macmillan.

IMMELMAN, K. 1973. Role of environment in repro-
duction as source of “predictive” information.
Pp. 121-147 in Breeding biology of birds (D. S.
Farner, Ed.). Washington, D.C., Natl. Acad. Sci.

KING, J.R. 1973. Energetics of reproduction in birds.
Pp. 78-107 in Breeding biology of birds (D. S.
Farner, Ed.). Washington, D.C., Nat. Acad. Sci.

King, W. B. (Ed.). 1981. Endangered birds of the
world: the ICBP bird red data book. Washington,
D.C., Smithsonian Inst. Press.

Lack, D. 1968. Ecological adaptations for breeding
in birds. London, Methuen.

CRrRUZ AND CRUZ

[Auk, Vol. 107

MurpPHY, R.C. 1936. Oceanic birds of South America,
vols. 1 and 2. New York, Am. Mus. Nat. Hist.

RanN, H., C. B. PAGANELLL & A. AR. 1975. Relation
of avian egg weight to body weight. Auk 92: 750-
765.

Rice, D. W., & K. W. KENYON. 1962. Breeding cycles
and behavior of Laysan and Black-footed alba-
trosses. Auk 79: 517-567.

RickLers, R. E. 1967. A graphical method of fitting
equations to growth curves. Ecol. 48: 978-983.

SiMoNs, T. R. 1984. A population model of the en-
dangered Hawaiian Dark-rumped Petrel. J. Wildl.
Manage. 48: 1065-1076.

1985. Biology and behavior of the endan-
gered Hawaiian Dark-rumped Petrel. Condor 87:
229-245.

SLOBODKIN, L. B. 1986. On the susceptibility of dif-
ferent species to extinction: elementary instruc-
tions for owners of a world. Pp. 226-242 in The
preservation of species (B. G. Norton, Ed.).
Princeton, Princeton Univ. Press.

SNEDECOR, G. W., & W. G. COCHRAN. 1980. Statistical
methods, seventh ed. Ames, Iowa State Univ.
Press.

TOMKINS, R.J. 1985. Breeding success and mortality
of Dark-rumped Petrels in the Galapagos, and
control of their predators. Pp. 159-176 in Con-
servation of island birds (P. J. Moors, Ed.). Nor-
wich, England, ICBP Technical Publication 3.

VALLE, C. A, F. Cruz, J. B. CRUZ, G. MERLEN, & M. C.
CoULTER. 1987. The impact of the 1982-1983 El
Nifio-Southern Oscillation on seabirds in the Ga-
lapagos Islands, Ecuador. . Geophys. Res. 92: 14,
437-14, 444.

VAN RyzIN, M. T., & H. L. FisHER. 1976. The age of
Laysan Albatrosses, Diomedea immutabilis, at first
breeding. Condor 78: 1-9.

WARHAM, J. 1956. The breeding of the Great-winged
Petrel Pterodroma macroptera. Ibis 98: 171-185.

1967. The White-headed Petrel, Pterodroma

lessonii, at Macquarie Island. Emu 67: 1-22.

. 1977. Wing loadings, wing shapes, and flight

capabilities of Procellariiformes. New Zealand J.

Zool. 4: 73-83.




