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ABSTRACT.—In the first seven years of our Brown Noddy (Anous stolidus) study (1985-1991),
1990 was atypical in several respects. Only 68% of adults alive in 1989 returned to breed in
1990, compared to about 90% in other years. In addition, adults were delayed in their diurnal
occupation of the colony and in egg laying in 1990. Eggs laid in 1990 were the smallest of
any year. However, head-bill length, body mass, and condition index of breeding birds that
returned in 1990 were within the normal annual variation established for earlier years. None
of the noddies that failed to return in 1990 has been seen through June 1993, and we suggest
that they died, most likely as a result of Hurricane Hugo as it passed through the area in
mid-September 1989. Despite the loss of a significant proportion of adults from the colony
in 1990, the number of breeding pairs did not dramatically decline in that year, which suggests
that a pool of young or inexperienced birds was available to recruit into the breeding pop-
ulation. The loss of regular breeders thus had the effect of reducing the average age or
breeding experience in the colony, and also increasing the number of new pair bonds. These
changes were the likely cause of late breeding and small egg size observed in 1990, and
indicate the importance of a stochastic event such as Hugo on the population biology of a

tropical seabird. Received 29 July 1993, accepted 21 November 1993.

SEABIRDS exhibit life-history characteristics
typified by a relatively long breeding lifetime
with many repeated annual breeding efforts,
deferred maturity, low fecundity, and elaborate
and potentially costly biparental care behavior
(Lack 1968, Nelson 1983, Nisbet 1989). This suite
of adaptations is thought to be a result of un-
even, unpredictable, and sparse food resources
available to seabirds, and constraints imposed
by central-place foraging (Ricklefs 1983).

Within this overall pattern, seabird life-his-
tory characteristics vary with feeding habits and
latitude. Where comparison within a taxonomic
group is possible (e.g. within the terns, Lari-
dae), tropical nesting species are more “K-se-
lected” (Pianka 1970); they tend to lay smaller
clutches of larger eggs relative to adult body
size, and commit longer time periods to incu-
bation and chick rearing than do more “r-se-
lected”, temperate counterparts (Langham 1983,
Nelson 1983, Shea and Ricklefs 1985). The life-
history characteristics of tropical seabirds are
usually explained in terms of low productivity
and food availability in tropical marine waters
compared to marine regions at higher latitudes
(Be et al. 1971). An alternate, but not exclusive,
view was proposed by Dobzhansky (1950) and

reiterated by Pianka (1970). These authors sug-
gested that density-dependent factors are im-
portant in regulating populations in tropical
environments, which are relatively stable. This
leads to selection for life-history traits that en-
hance competitive abilities at carrying capacity
(K), such as high adult survival and low fecun-
dity. In contrast, population regulation in tem-
perate environments is more density indepen-
dent due to greater environmental instability.
Therefore, life-history traits such as high fe-
cundity and rapid development enhance abil-
ities to disperse and colonize in populations
below K.

The Brown Noddy (Anous stolidus) is a tropical
tern, which breeds mainly on small islands in
the Indian, Atlantic, and Pacific oceans (Cramp
1985). Adult survival rates are high, and first
breeding occurs at three to six or more years of
age (Chardine and Morris unpubl. data); the
single, relatively large egg is incubated for about
35 days, and chicks take 45 days or more to
fledge (Brown 1976, Morris and Chardine 1992).
We have studied a colony of over 100 pairs of
Brown Noddies on Cayo Noroeste, Puerto Rico
since 1985 and reported breeding-biology pat-
terns that showed a high degree of stability

326



April 1995)

across years (Morris and Chardine 1992). In five
successive breeding seasons (1985 through 1989),
Brown Noddies at this location exhibited a syn-
chronous arrival phenology, consistently high
breeding success, narrow range of food items,
and high adult survival rates (Morris and Char-
dine 1992, Chardine and Morris in prep.). We
now report data from 1990, a year of departure
from patterns seen in the previous five years,
and from 1991, when patterns returned to those
seen in 1985 through 1989. We consider a va-
riety of explanations for the dramatic shift in
patterns seen in 1990 and conclude that the like-
ly cause was Hurricane Hugo as it passed by
the study site in September 1989.

STUDY AREA AND METHODS

Cayo Noroeste (18°21'N, 65°21'W) is one of about
two dozen rocky islands and islets that form the Cu-
lebra archipelago about 35 km east of Puerto Rico.
Referred to as Cayo Flamenco by Kepler and Kepler
(1978), the island is within the Culebra National
Wildlife Refuge, and lies immediately off the north-
west tip of Culebra, the largest island in the group.
Cayo Noroeste is about 1.5 ha in area, rises some 10
to 12 m above sea level, and is sparsely vegetated
with a variety of scattered shrubs and small trees.

We visited the island in late May and June each
year; it is during this period when the maximum
amount of data can be collected on both eggs and
chicks. In 1986, 1987, and 1990, we were present in
late April to record details of arrival chronology and
the dates when first eggs were laid. In 1986 and 1987
we remained through most of the chick-rearing pe-
riod. Nest locations were permanently marked with
numbered, stainless-steel tags fastened to the rock
face above each nest site with silicone sealant. For
eggs whose date of laying was unknown, we back-
dated from known dates of first pipping (30 days) or
hatching (35 days). Eggs were marked when first
found, they were measured (length and breadth) to
the nearest 0.1 mm with calipers, and a volume index
([length x breadth?]/1,000) was calculated. Chicks were
banded with a stainless-steel band and a year-class
PVC color band. We captured unbanded breeding
adults each year, recorded various morphometric
measurements, and gave each bird a unique combi-
nation of three PVC color bands and a stainless-steel
band (Chardine and Morris 1987, 1989). From 1986
through 1991, 11 noddies were recaptured and sim-
ilarly measured. Adult sex was determined by obser-
vation of courtship feeding, by deduction from known
sex of a partner, or by discriminant-function analysis
{Chardine and Morris 1989). Further details of the
study site and methods used each year are in Morris
and Chardine (1992).

In addition to the annual collection of demographic
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TaBLE 1. Chronology of diurnal adult arrival and
egg laying for Brown Noddies, Cayo Noroeste, 1985-
1991.

First
diurnal

Year arrival First egg Laying peak
1985 No data 4 May® 13-14 May*
1986 25 April 29 April 9-10 May
1987 27 April 29 April 5-6 May
1988 No data 2 May® 7-8 May*®
1989 No data 1 May® 7-8 May*
1990 2 May 3 May 18-19 May*
1991 No data 2 May* 10-13 May*

* Estimated by back-dating from known dates of first pipping (30 days)
or hatching (35 days).

data from pairs nesting on Cayo Noroeste, we also
monitored changes in numbers of breeding pairs on
the island and interisland movement of banded birds.
Census of breeding pairs of Brown Noddies on Cayo
Noroeste was performed most years by us or U.S. Fish
and Wildlife Service (USFWS) personnel. All nests
containing an egg or chick were counted sometime
during the first two weeks of June. We surveyed for
color-banded Brown Noddies on two other islands
and the adjacent peninsula on Culebra, all within 3
km of Cayo Noroeste; these support breeding popu-
lations of Brown Noddies. Other islands in the ar-
chipelago were opportunistically checked for banded
birds during seabird surveys conducted by USFWS
personnel.

RESULTS

Timing of diurnal adult arrival and egg laying.—
Culebran Brown Noddies initially occupy their
breeding sites only at night and are not seen
for the first time during the day at the colony
for several days thereafter (J. Saliva pers. comm..).
In the two previous years when we were there
to record the event (1986, 1987), large numbers
of Brown Noddies arrived synchronously at the
island during the daytime on 25 and 27 April,
respectively. In 1990, we were at the island on
24 April with the intention of adding further
details to the arrival chronology and first-egg
data recorded previously. It was then that we
obtained the first suggestion that 1990 was an
unusual year. In contrast to 1986 and 1987, the
first Brown Noddies were not seen during the
day at Cayo Noroeste until 2 May 1990, about
one week late (Table 1). First eggs were laid the
next day (3 May), which is within the range of
first-egg dates seen in previous years. However,
the peak of laying in 1990 occurred on 18-19
May, about 10 days later than usual. Further-
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TABLE2. Proportion of banded adult Brown Noddies
returning each year to Cayo Noroeste, 1986-1991.

Returning Total Total Percent
Alive in in banded returning returning®
1985 1986 51 46 90.2
1986 1987 76 70 92.1
1987 1988 85 78 91.8
1988 1989 121 107 88.4
1989 1990 126 86 68.3
1990 1991 142 132 93.0

* Tests for differences between periods: all periods, X? = 45.6, df =
5, P < 0.001; returning in 1990 vs. 1986-1989 plus 1991, X? = 44.6, df
=1, P <0.001.

more, only about three dozen adults arrived at
the colony on 2 May 1990, unlike in 1987, when
birds arrived overnight in numbers that ap-
proximated the number of pairs that nested on
the island in that year. In 1991, we were not
present to record arrival data, but determined
(from backdating) that the first egg was laid on
2 May, and that the laying peak occurred about
10 days later, during a similar time period of
peak laying during the years 1985 through 1989
(Table 1).

Return rates of color-banded adults.—In all years
except 1990, from 88 to 93% of all banded birds
alive the previous year returned to the colony
the following year (Table 2). In 1990, of 126
color banded birds at risk in 1989, only 86 (68%)
returned to the colony in 1990. This represents
a significant reduction from the combined re-
turn rate in the other years (1986 through 1989
plus 1991 vs. 1990, X? = 42.4,df =1, P < 0.001).
None of the noddies that failed to return in
1990 (n = 40) has been seen alive as of July 1995.

Did the set of noddies that failed to return in
1990 (n = 40) differ from the set that returned
(n = 86)? We found no significant differences
between the two sets of noddies in sex ratio (X?
= 0.04, df = 1), year of banding (X? = 7.60, df
= 4), morphometric measurements taken be-
tween 1985 and 1989 (head + bill length, F, ;,;
= 0.93; body mass, F, ,,, = 1.63; condition index,
F, 10 =3.63), or general location of breeding site
on Cayo Noroeste in 1989 (X2 = 3.62, df = 2).

Egg and adult morphometrics.—Figure 1 shows
the yearly trend in length, breadth, and volume
index of Brown Noddy eggs laid on Cayo No-
roeste. F-tests revealed significant interyear
variation in all measures (length, Fs, = 2.36,
P < 0.05; breadth, F¢ 5, = 2.25, P < 0.05; volume
index, F¢s0 = 2.87, P < 0.01). Posthoc Sheffé
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Fig. 1. Yearly trends (¥ = SE) in length, breadth,
and volume index of eggs laid by Brown Noddies on
Cayo Noroeste.

tests of length and breadth between pairwise
combinations of years showed no significant
differences (all P > 0.05). However, eggs laid
in 1990 had the smallest mean volume index of
any year studied and differed significantly from
1988 eggs, which were on average the largest
(Sheffé test, P < 0.05). This trend was clear when
the egg-volume index was compared between
these two years within the same female. Of 27
females laying eggs in 1988 and 1990 for which
we could calculate the volume index, 20 laid a
smaller egg in 1990, and 1990 eggs were sig-



April 1995]

89 1
88 1
87 4 Q/Q\ /Q’_ﬁ\o/ﬁMale
86 - §

85 1
84 1

i\i/{\!\i—i"i Female

83

Head+bill length (mm)

82 1
81

195 q
190 1
185
180 1

A
/\/\AWMG

175

Body mass (g)

170 4
165
160

155

0.31

o
0.30 1

0.29

t
A

0.27 4

Condition index
({1,000 x body mass}{head-+bill length3))

0.26
8 8 87 88 89 90 91

Year
Fig. 2. Yearly trends (¥ = SE) in morphometric
measurements of Brown Noddies breeding on Cayo
Noroeste.

nificantly smaller than those laid in 1988 (paired
t = 4.10, df = 26, P < 0.001).

Figure 2 shows the yearly trend in morpho-
metric measurements of male and female Brown
Noddies trapped in each year. Head + bill
length did not vary significantly among years
(males, F,,;; = 0.80; females, F,,;,, = 0.48). In
contrast, body mass and condition index ([1,000
X body mass]/[head + bill lengthP) did vary
significantly among years for males and females
(male body mass, F;,;s = 3.95, P < 0.005; fe-
males, F, 3, = 4.50, P < 0.001; male condition
index, Fq;35s = 2.85, P < 0.05; females, F;,3 =
4.59, P < 0.001), although 1990 was not an ex-
ceptional year in either regard.

Size of Brown Noddy breeding population on Cayo
Noroeste.—Counts of breeding pairs of Brown
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Fig. 3. Yearly trend in the number of pairs of
Brown Noddies nesting on Cayo Noroeste.

Noddies on Cayo Noroeste for most years from
1980 to 1991 are in Figure 3. Overall, numbers
have not varied substantially around the mean
count of 112 + SD of 9.4 pairs (n = 9). Numbers
gradually increased from 1980 to 1989, and then
declined in 1990 and further in 1991 to early-
1980 levels.

Di1sCuUssION

In the years 1986 through 1989 and 1991,
Brown Noddies breeding on Cayo Noroeste,
Culebra, were characterized by: a synchronous
daytime arrival at the colony in late April; a
period of peak egg laying some five to nine days
thereafter; and high rates of return of adult birds
between years (Morris and Chardine 1992,
Chardine and Morris in prep.). In 1990, we re-
corded a marked shift in these consistent pat-.
terns; adults were delayed in their daytime ar-
rival at the colony by about one week, and the
egg-laying peak occurred about 10 days later
than usual. Eggs laid in 1990 were the smallest
of any year studied. Perhaps most significantly,
there was a marked reduction in the proportion
of banded adult birds that returned to the col-
ony in 1990.

Our 1990 observations were consistent with
ashift in environmental conditions in that year,
which affected feeding conditions for noddies;
however, did they reflect a shift in local con-
ditions or were they the result of more wide-
spread phenomena? We decided to assess this
by surveying a number of investigators who
had worked with colonial nesting seabirds at a
single location for at least five years, and who
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had a population of color-banded (or otherwise
identifiable) study animals. We conducted a
verbal survey at two professional meetings in
1990, and a written survey of authors noted by
Nisbet (1989) in 1991. The surveys sought a
qualitative assessment (early/late, increase/de-
crease, greater or less) of the 1990 breeding sea-
son relative to previous years. We asked for
comments on: (1) timing of arrival, first egg and
egg-laying peak; (2) number of breeding pairs
and colony population size; (3) egg and adult
morphometrics; and (4) hatching and fledging
success. The results (Table 3) show that the 1990
breeding season was anomalous in mid- and
low-latitude areas, but not in high-latitude or
inland areas. The reports of two investigators
working in the Virgin Islands, about 30 to 40
km to the west of Culebra, were of particular
significance. They observed a decrease in num-
bers of breeding pairs of several species of sea-
birds in 1990 (Pierce), and a depression in sev-
eral demographic and morphometric measures
taken in 1990 compared to previous years
(Southern). Their results show that the anom-
alies we observed in 1990 were not localized to
the immediate area of Culebra or restricted just
to Brown Noddies.

The most dramatic and biologically signifi-
cant effect seen on Cayo Noroeste in 1990 was
the marked reduction in the return rates of birds
known to be alive in 1989. This effect could
have been the direct result of: (1) a change in
observational methods resulting in a larger pro-
portion of birds being missed; (2) higher inci-
dence of nonbreeding (see Wooller and Coul-
son 1977, Coulson 1984, Wooller et al. 1990); (3)
movement of the missing adults to other breed-
ing sites; or (4) the death of the missing birds.
Since 1990, we have collected information that
eliminates options 1 through 3 and suggests
that, sometime between our last visit to Cayo
Noroeste in 1989 (mid-June) and our first visit
in 1990 (late April), a significant die-off of nod-
dies occurred.

Options 1 and 2 imply that the missing birds
in 1990 would be resighted in subsequent years
at Cayo Noroeste. Since we have never resight-
ed any of the missing noddies, we eliminate
both options. Option 3 would be supported by
the discovery of the missing noddies breeding
at other locations. However, despite active
searches up to June 1994 on other islands in the
archipelago that support breeding populations
of Brown Noddies, we have not found any of
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the missing birds. Indeed, we have evidence
that breeding dispersal of Culebran Brown
Noddies is very limited. Of 281 adults banded
on Cayo Noroeste from 1985 through 1993, only
two have been observed at another colony and
presumably breeding. These two birds (not
paired with each other) were last seen breeding
on Cayo Noroeste in 1991 and, subsequently,
observed by J.W.C. in June 1994 on Alcarraza,
about 3 km to the northwest. An additional three
adults banded on Cayo Noroeste (two of them
members of the same pair) were found breeding
on a point of land on the island of Culebra,
about 100 m across a small water channel to the
eastin 1992. All three birds had previously bred
on the side of Cayo Noroeste adjacent to the
point, and we do not consider these observa-
tions as evidence of significant breeding dis-
persal. Adult noddies (n = 43) also were banded
on Cayo Yerba about 3.5 km southwest of Cayo
Noroeste between 1985 and 1993, none of which
have been found breeding elsewhere. Our ob-
servations of limited movement of breeders be-
tween colonies are consistent with those of oth-
er seabird species (e.g. Coulson and Wooller
1976, MacDonald 1977, Greenwood 1980).
Therefore, we are confident that the noddies
missing in 1990 had not moved elsewhere to
breed in that, or subsequent years.

Taken together the data strongly support op-
tion 4 that the noddies missing in 1990 had died.
We have no tangible evidence as to why the
birds died and can only speculate on possible
causation. The lack of any significant differ-
ences between birds that survived in 1990 and
those that did not suggests that mortality was
random and not directed to birds that shared a
particular set of attributes.

It is possible that the missing birds in 1990
died from predation, disease, or oil pollution.
Potential or actual predators occur in the vicin-
ity of Cayo Noroeste (e.g. Red-tailed Hawk [Bu-
teo jamaicensis], Peregrine Falcon [Falco peregri-
nus]), but we have observed very few noddy
carcasses showing evidence of predation during
the course of our work. Diseases or toxins (e.g.
Newcastle disease, botulism, paralytic shellfish
poisoning, domoic acid) can cause mass mor-
talities in marine birds (e.g. Coulson et al. 1968,
Wobeser et al. 1993, Work et al. 1993), but we
have no evidence that these factors affected the
population we studied. Although the effect of
oil on waterbirds is usually more severe in cold-
water environments (Bourne 1976), an oil pol-
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lution event could have resulted in the death
of the missing birds. However, no oil-pollution
event affecting seabirds was reported from the
area between 1989 and 1990 (J. Wunderle pers.
comm.).

Periodic El Nifio events are known to cause
a wide variety of environmental effects over
sometimes large geographic areas. Effects on
marine birds include short-term shifts in dis-
tribution, higher rates of nonbreeding, and adult
mortality (Duffy et al. 1988, Schreiber and
Schreiber 1989), and appear to be proximately
driven by dramatic changesin food supply. Duf-
fy et al. (1988) reported the effects of strong El
Nifio events in the 1980s on Caribbean seabirds
and correlated Robertson’s (1969) report of die-
offs of Sooty Terns (Sterna fuscata) with an El
Nifio event.

Some of our observations (late laying, small
eggs) suggest reduced food supply in 1990 with-
in the foraging range of Brown Noddies breed-
ing on Cayo Noroeste. Furthermore, adults and
chicks handled in 1990 rarely regurgitated a
food bolus, a regular occurrence in other years.
However, if the overwintering food supply had
been poor, we expected returning birds would
indicate this by exhibiting lower body mass and
condition index compared to typical years. In
both regards, males and females measured in
1990 were not exceptional compared to other
years. An El Nifio event did not occur in 1989-
1990 (sea-surface temperatures were about av-
erage in the eastern Pacific at that time; NOAA
1993), and we are not aware of any oceano-
graphic anomalies in the Caribbean that oc-
curred in these years.

The eye of Hurricane Hugo passed a few ki-
lometers to the east of the Culebra archipelago
on 18 September 1989. Based on the timing and
ferocity of this event, we suggest that this storm
may have been responsible for the death of No-
roeste noddies. Damage to vegetation and phys-
ical structures in the path of this hurricane was
extensive on both mainland and insular areas,
and effects on other bird populations in its path
have been noted (Shepherd et al. 1991, Wauer
and Wunderle 1992). Culebra was devastated
by the hurricane; most structures on the island
were destroyed, most of the vegetation was de-
foliated or uprooted, and much of the coral
growth in adjacent waters was broken or silted-
up (pers. obs.).

Noddies are not normally seen in the vicinity
of Cayo Noroeste during the day from some-
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time in September to late April (T. Tallevast
pers. comm., this study), and we can only spec-
ulate on their whereabouts when Hugo passed
by. Noddies at other locations attend their col-
onies at night after the breeding season and
feed in waters within tens of kilometers from
breeding colony in the nonbreeding season (W.
B. Robertson, R. van Halewyn pers. comm.).
Therefore, we think that Noroeste noddies were
in the vicinity of the colony when Hugo passed
by, and likely would have suffered mortality
through the physical effects of the storm.

Noddy eggs laid in 1990 on Cayo Noroeste
were on average the smallest of any year stud-
ied, and differed significantly from those laid
in 1988, when on average the largest eggs were
laid. Although this could reflect poorer feeding
conditions during the period of egg formation
and before, we suggest that this could also re-
sult from changes in age structure, breeding
experience, and pair status of breeders in 1990.
Likewise, we think that the late arrival and egg
laying observed in 1990 also was a result of
these changes.

Even though 40 birds were removed from the
pool of breeders on Cayo Noroeste in 1990, col-
ony size did not decline appreciably. Since nod-
dies show limited breeding dispersal (see above),
the missing birds were most likely replaced by
young or inexperienced birds newly recruiting
into the population rather than from an influx
of breeders from other locations. The loss of
birds in 1990 also meant that many new pairs
were formed (Chardine and Morris in prep.).
Thus, the age structure, breeding experience,
and pair status of breeders on Cayo Noroeste
changed substantially in 1990, shifting toward
younger, less experienced birds and newer pair
bonds. From studies of known-age larids, it is
well known that younger, less experienced birds
lay smaller eggs (Coulson 1963, Thomas 1983),
and arrive and lay later than older birds (Coul-
son 1966, Mills 1973). The age of the pair bond
has an independent effect on timing of laying,
with females in newly formed pairs laying later
in the season than established pairs (Coulson
1966, Mills 1973).

The suggestion that young or inexperienced
birds filled the openings left by birds dying
between 1989 and 1990 implies that there is a
substantial pool of birds available for recruit-
ment. This would be expected in a seabird spe-
cies such as the Brown Noddy, which does not
breed on Cayo Noroeste until three to six or
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more years of age (Chardine and Morris un-
publ.). Such variation in age of first breeding
is found in other seabirds (e.g. Wooller and
Coulson 1977) and implies that some prebreed-
ers are physiologically capable of reproduction
but are prevented from doing so by other factors
such as social competition. Porter and Coulson
(1987) reported that, after years when mortality
of adult Black-legged Kittiwakes was higher, or
after the provision of more nest sites, recruit-
ment rates in their study colony increased. They
suggest that this indicated ““a pool of potential
recruits from which the new recruits needed
could be drawn.” In the case of Cayo Noroeste,
we wondered why the colony was not increas-
ing in size given this pool of potential breeders,
especially since colony sites do not appear to
be alimiting factor at this location? It is possible
that the number of suitable sites for Brown
Noddies may be limiting, and only in situations
of reduced competition for these sites, such as
what likely occurred in 1990, are young, inex-
perienced birds able to obtain suitable sites (see
Coulson 1971, Porter and Coulson 1987).

Our long-term study of Brown Noddies thus
far has shown that with the exception of one
year, patterns of breeding and demography have
been stable. This likely reflects overall environ-
mental stability in our tropical study site. How-
ever, a stochastic perturbation in the form of a
severe hurricane shifted these patterns in 1990,
resulting in reduced survival of adults, in-
creased recruitment, and concomitant changes
in the structure of the breeding population of
Brown Noddies on Cayo Noroeste. The ques-
tion of whether tropical seabirds experience
events such as Hugo frequently enough to shape
the evolution of life-history strategies remains
to be answered.
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