
The Red-billed Tropicbird Phaethon aethereus is the
largest and least numerous of the three tropicbird
species in the world. The world population is estimated
to number around 5000–20,000 individuals, equalling
1650–6500 breeding pairs (BirdLife International
2016). Three subspecies are recognized, occurring in
the tropical waters of the Atlantic Ocean, the eastern
Pacific and the north-west Indian Ocean. The sub -
species P. a. mesonauta breeds in the Caribbean region,
from Puerto Rico, east and south through the Lesser
Antilles down to the Venezuelan coast, in the eastern
Pacific (predominantly in the Galapagos Islands), and
in the eastern Atlantic (especially Cape Verde). The
West Indian population forms a substantial and rela-
tively stable percentage of this population. In the 1980s
the Caribbean population was estimated at 1600
breeding pairs (van Halewyn & Norton 1984), whereas
a more recent estimate places the population at
1800–2500 pairs (Walsh-McGehee 2000). Lee &
Mackin (2008) also estimated the West Indian popula-
tion at 1800–3400 pairs. Approximately 35% (750–
1000 pairs) of these birds are believed to breed on Saba

(Lee & Walsh-McGehee 2000, Walsh-McGehee 2000,
Lee & Mackin 2008).

Red-billed Tropicbirds have been poorly studied,
especially in the Caribbean region. The main studies
are fairly old and from other populations or subspecies,
such as from Ascension Island (Stonehouse 1962) and
the Galapagos Islands (Snow 1965, Harris 1969). 

Around 2000, Walsh-McGehee intensively studied a
colony on Saba, but details of her work remain unpub-
lished. In 2010, the Dutch Caribbean Nature Alliance
(DCNA) proposed monitoring the breeding population
on the (former) Dutch Antilles. The initial plan was to
monitor breeding success because of the importance of
Saba’s tropicbird population, but also to gather data for
a long term study on breeding biology. Because trop-
icbirds are long-lived top predators, spending their
entire lives outside the breeding season at sea, egg size
and growth rate can be indicators of ecological condi-
tions in the ocean. In February 2011, the monitoring
programme began on Saba, following a short training
programme for the staff and volunteers of the local
nature organizations.

Michiel Boeken

Boeken M. 2016. Breeding success of Red-billed Tropicbirds Phaethon
aethereus on the Caribbean island of Saba. Ardea 104: 263–271.
doi:10.5253/arde.v104i3.a8

In 2011 and 2012 the breeding success of Red-billed Tropicbirds Phaethon
aethereus mesonauta was monitored on Saba, a 13-km2 island in the Caribbean
Netherlands. The two colonies on the south and south-west side of the island
both contain approximately 100–300 nests; breeding success was zero at these
sites, due to predation of newly hatched chicks by Feral House Cats. In the
single large colony of Old Booby Hill (estimated to contain approximately 1000
nests) on the east side of the island, rates of predation were lower, resulting in a
breeding success (survival from laying until fledging, as far as observed) of 65%.
Calculations of daily survival of eggs and chicks following Mayfield, resulted in a
nesting success of 48% per pair. I conservatively estimated the size of the Saba
breeding population to be at least 1300–1500 pairs, which is larger than the
previous estimate of 750–1000 pairs. Potentially, the number of breeding pairs
may be as high as 1850 pairs.   
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METHODS

Field work commenced in February 2011 on the south
side of the island in the Great Level colony, Walsh-
McGehee’s former study site, as part of a training
programme funded by DCNA (Figure 1). However, after
data collection, all recently hatched chicks were found
to have disappeared by the following week; presumably
this was caused by disturbance during training. The
visit of the group, handling the chicks and taking
photos and videos, might have scared the adult birds
and attracted predators; this may have resulted in
adults abandoning nests. Therefore, the focus of the
study was shifted towards the colony on the south-west
side, known locally as Tent. Here, a section of the slope
was systematically searched for nests (Figure 2). This
site was monitored during the breeding season of 2011,
and during the next season, starting in November
2011, by one person. Breeding within a colony is not
clearly synchronized: the reported breeding season
varies from many months to year round.

Nests were checked weekly for the presence of eggs
and chicks. Red-billed Tropicbird clutches consist of a
single egg which is incubated for about 43 days.
Although after loss of the egg or chick a new egg can be
laid, only one chick is raised per year. Eggs were meas-
ured, weighed, and dated by floatation in fresh water
according to the method described by Delnevo (2012).
Chicks were weighed and measured and the extent of
feathering was determined to estimate age, growth rate
and breeding success. Chicks fledge at 12–13 weeks of
age. As long as rings were available (c. 170 light alu -
minium rings with code ‘DCNA’ and a unique number),
these were used to ring adult birds, who could be lifted
easily from the nest cavity. However, data on breeding
biology are only included in this paper as far as relevant
for estimating nesting success and population size.

To identify predators during the first season, a time
lapse daylight camera was used for taking pictures at
1-min intervals. During the second season (spring
2012), four Reconyx HC500 cameras with motion
sensor and infrared capabilities for night-time moni-

toring were deployed: capturing three photos with an
interval of 1 s after each trigger. The cameras were
placed at the entrance of nests some days before
expected hatching.

Early in July 2011, the last chick at the Tent colony
was predated, and no further nesting activity was
recorded. At the end of November 2011, the Tent slope
was revisited to check for nesting activity. In the same
area that was studied in the spring (approximately 50 m
wide and 100 m uphill), 16 occupied nests were found,
of which three contained an egg and one contained
fresh, empty egg shells. From that moment onwards the
Tent slope was visited weekly, until the last nest was
abandoned by the end of May 2012. To investigate if
predation occurred all over the island, the colony on
Old Booby Hill on the east side of the island, which was
barely accessible for humans, was included in the study
from December 2011 until August 2012 (Figure 3,
Table 1). In about 10% of the nests of this colony, nest
cavities were marked. Here also, data on eggs and
chicks were collected.
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Figure 1. Main colonies of Red-billed Tropicbirds Phaethon
aethereus on Saba (17°38'N, 63°15'W).

Observations 2011–2012 Tent Old Booby Hill

Start observation period 27 November 2011 5 December 2011
End observation period 26 May 2012 10 August 2012
Number of visits 22 27
Number of nests with cameras 5 10

Table 1. Observation periods and visiting rates of two nesting colonies of Red-billed Tropicbirds Phaethon aethereus on Saba during
the 2011–2012 breeding season.           
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Because the age of eggs and chicks was known or
estimated, it was possible to estimate the date of laying
and predict hatching and fledging dates, given the
average incubation period of 43 days and average nest
period of 85–90 days (Stonehouse 1962, Delnevo
2012, own obs.).

To calculate the nesting success in a colony, the
daily survival rate according to Mayfield (1961,
Beintema 1992) was calculated. This was done for eggs
and chicks separately. The daily survival rate p can be
derived by the formula p = a/(a + b), in which a is the
number of observed nest days (‘egg days’ or ‘chick
days’) and b the number of failed nests. This was also

done separately for predated eggs and chicks, and for
otherwise failed nests: not hatched eggs or chicks that
died. The probability of hatching (H) and fledging (F)
can be calculated as pL, in which L is the average nest
time: 43 days in eggs, 85 in chicks. The total fledging
probability (fledging rate per egg) is H × F. If a pair
produced a successful second clutch after a failed first
clutch, the calculation of total nesting success (fledging
rate per nest) was done in the same way, but without
data from the failed first clutch.

The breeding population size of the different
colonies was estimated by extrapolating active nest
counts in subsamples of visited colonies (Great Level,
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Figure 2. Slope near Tent, Saba. White
rectangle indicates the study site.

Figure 3. Old Booby Hill, Saba. White
delineated area indicates the study site.



Tent, Old Booby Hill), combined with regular counts of
adults flying to and from the colony in 2011/12 during
peak times (especially between 15:00 and 17:00). The
sizes of inaccessible colonies were estimated based on
counts of flying birds only, and the ratios of bird to nest
numbers of the visited colonies. Most counts of flying
birds at the biggest colony at Old Booby Hill took place
during March and April 2011, from the west side of the
hill. From there, only the bays at both sides of the hill
could be observed, and counts were combined with
those of visits to the colony, from which also a part of
the sea at the east side of the hill was visible.

RESULTS

During the first half of 2011, 29 nests were found in the
Tent colony study site, of which 21 (72%) were occu-
pied by an adult. All nests were situated under boul-

ders, often hidden behind Doctorbush Plumbago scan-
dens, locally known as Blisterbush. To avoid disturbing
the birds during incubation, most of the adults were not
lifted from their nest cavity at the first visit. In 17 out
of the 21 occupied nests, an adult was found during
two or more consecutive weeks. In at least ten of the
 occupied nests (48%) an egg or chick was found.
Unfortunately, also in this colony no chick survived to
more than about four days. In 6 of the 11 remaining
occupied nests and in 4 of the 8 empty, unoccupied
nests, fresh egg shells were found, indicating that these
nests had been depredated or that the egg had hatched.
From these findings it was concluded that the breeding
season had started earlier than expected. The installed
time-lapse camera for day-time monitoring produced
about 21,000 photographs of five different nests. Each
series of photos ended with an empty nest after
hatching, but none contained images of a predator,
which meant that predation was clearly nocturnal.
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Breeding results 2011–2012 Tent Old Booby Hill

number % number %

Apparently occupied nests 34 100 107 100
Nests with egg (first clutch) 25 74 84 79

second clutch 13 11
third clutch 0 1

Number of eggs 38 100 96 100
hatched 32 84 83 86
depredated 4 11 10 10
not hatched otherwise 2 5 3 3

Number of chicks 32 100 83 100
fledged 0 0 62 75
depredated 32 100 16 19
dead otherwise 0 0 5 6

Breeding success (fledglings/egg) 0 65
Breeding success (fledglings/nest) 0 74
Observed egg days 1346 1487
Daily survival rate egg 99.53 99.05

Daily survival rate: predation 99.76 99.28
Daily survival rate: otherwise 99.77 99.77

Hatching probability 81.65 66.46
Observed chick days 156 4619
Daily survival rate chick 82.98 99.53

Daily survival rate: predation 82.98 99.65
Daily survival rate: otherwise 100 99.89

Fledging probability per hatched chick <0.001 67.27
Fledging probability per egg <0.001 44.71
Fledging rate per nest <0.001 48.15

Table 2. Breeding success and daily survival rates of clutches and chicks according to Mayfield (1961) in two colonies of Red-billed
Tropicbirds Phaethon aethereus on Saba during the 2011–2012 breeding season. Predation is assumed when an egg disappeared
before hatching or when a chick disappeared before fledging. The category ‘otherwise’ includes nests that contained an unhatched
eggs or dead chick.           
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During the second season, 34 occupied nests were
monitored at the Tent colony; in 25 of these nests a
total of 38 eggs were laid. Most of these eggs (84%)
hatched, but almost no chick survived to more than a
few days – the oldest chick found was an estimated 9
days old. The infrared cameras captured pictures of
feral cats visiting 6 different nests with young chicks,
all before midnight (between 19:35 and 23:40). The
final proof of the predator’s identity was a photo of a
cat carrying a chick.

During the breeding season at the colony of Old
Booby Hill, 107 active nests were found in the period
December 2011 – August 2012. Three of these were so
deep hidden in crevices, that no reliable information on
eggs or chicks could be obtained. For this reason these
were excluded from calculations. In 20 nests only inci-
dentally an adult was found without any sign of egg
laying. In the remaining 84 nests a total of 96 eggs
were laid: 83 of which hatched (86%). 62 of these
chicks fledged, mostly between 85 and 90 days after
hatching, giving an overall apparent breeding success
of 65%. Because new nests were found right up to the
end of the observation period, often containing a chick
that was several months old, and about half of failed
clutches were followed by a second or even third
clutch, it is likely that the actual nesting success is
lower. To accommodate for the effect of unfound nests,
nesting success was also calculated according to
Mayfield (1961, Beintema 1992). This resulted in a
nesting success of 45% per egg in the Old Booby Hill
colony (Table 2).

Because in many cases both adults were ringed, we
observed that second (or even third) eggs were almost
always laid by the same pair in the same nest. Both
sexes proved to be active in both incubation and food
provisioning. Based on the observations of eggs and

chicks, the breeding season on Saba is almost year
round. The first chick fledged around 10 December
2011 on Old Booby Hill, which means that the egg was
laid during the first week of August. The last laid egg in
this colony was found on 8 April 2012, of which the
young fledged mid-August. The last egg in the Tent
colony was laid mid-May (observed hatching date 26
June 2011). If it had not been predated, this young
would have fledged in the second half of September.

Because often many birds appeared in the after-
noon, peak attendance counts were usually performed
around 16:00. The number of adults found visiting the
colonies varied from only a couple of birds up to 150
birds (Table 3). Combined with the nest count data
from colony visits, estimates of colony sizes were made,
varying 10–30 for St. John’s Cliffs up to 860–1070 at
Old Booby Hill (Table 3). The total estimated number
of breeding pairs in the colonies in 2012 ranged from
1320 to 1800.

DISCUSSION

Breeding results and predation
Predation rates, especially on the south side of the
island, where mortality proved to be 100%, are
alarming. Tropicbirds are long-lived species: the oldest
known Red-billed Tropicbird was 17 years and 7
months (website USGS 2016), but in the closely related
and much better studied Red-tailed Tropicbird P. rubri-
cauda the record is 32 years and 8 months (USGS
2016). It is therefore assumed that for Red-billed
Tropicbirds 30 years is not an exceptional age. Because
the birds are very loyal to their nesting sites and will
return year after year (observations Walsh-McGehee;
own obs.), decreased survival of young or even a total
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Location Attendance counts Nest counts Estimated 

Number  Date  Time Maximum Number Area  Ratio
colony size

of count maximum number of colony number
(number of

days number adults counted (%) adult:nests
pairs)

Tent 3 24–02–2011 15:50 65 34 10–15 3.5–5.2 230–340
Great Level 1 24–02–2011 15:40 42 20 20 2.4 100
Old Booby Hill N+S 21 12–03–2011 16:15 72 107 10–12.5 3.9–4.8 860–1070
Old Booby Hill E 7 18–03–2012 16:00 150
Pirate Cliffs 3 27–02–2011 16:10 50 120–260
St. John’s Cliffs 1 04–12–2011 15:00 6 10–30

Table 3. Results of peak attendance counts and colony visits of adult Red-billed Tropicbirds Phaethon aethereus at different colonies
on Saba.           
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Landscape at Old Booby
Hill study site, consisting
of volcanic rocks and
boulders. In this part,
about 100–150 m above
sea level, an estimated
40 nests are situated in
crevices and under boul-
ders, often overgrown by
bushes up to 2 m high.

Adult Red-billed Tropicbird Phaethon aethereus in nest cavity with chick that is a few days old (Great Level, Saba, 25 February 2011).
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lack of surviving offspring could remain unnoticed for a
long time. But as the birds grow older, the population
might eventually collapse.

Debrot et al. (2014) found the highest cat densities
in the lower coastal elevations, the typical breeding
sites of the tropicbirds. Particularly high densities were
found around the island dump, adjacent to the Great
Level colony. Old Booby Hill is also not excluded from
predation: 19% of young chicks disappeared. Although
no photos were taken, it seems reasonable to assume
that cats are also the predators of the chicks here. The
predation of several nearby nests within a few weeks
adds weight to this suspicion. Furthermore, one photo
showed a cat visiting a nest during incubation.

Not only chicks, but also eggs are preyed upon.
Empty egg shells were found several times in or around
nests, long before the expected hatching date. Here, the
most probable predator is the Black Rat Rattus rattus,
which is abundant on Saba, occurring from the shore to
the top of the mountain (Debrot et al. 2014, own obser-
vations). Many photos showed rats scavenging in the
nest cavity after predation or fledging, but no proof of
egg predation was obtained. A potential risk in control-
ling the feral cats might be an explosion of the rat
population when their main predator is reduced in
number. However, tropicbirds, and especially the larger
and more aggressive Red-billed Tropicbirds, are not
very sensitive to invasive rats (Van Halewyn & Norton
1984, Campbell 1991, Jones et al. 2008), although egg
predation by rats was reported on St. Eustatius recently
(Madden 2014, 2015). Terpstra et al. (2015) compared
egg and chick survival in the Great Level and Tent
colonies. At Great Level, where an intensive cat-
removal programme was executed during 2013, egg
survival did not differ significantly from Tent, where
there was only a moderate cat-removal programme,
and in both locations no egg predation by rats was
observed. Chick survival, however, showed a significant
difference: at Tent no chick survived to more than a
week old, whereas at Great Level five out of six hatched
chicks fledged (Terpstra et al. 2015).

Although predation of eggs and chicks is not absent
at Old Booby Hill, the apparent breeding success
(expressed as number of eggs leading to fledged
chicks) of 65% is quite high when compared with other
studies. If breeding success is calculated as number of
fledged chicks (62) per breeding pair (84), the result
would be even higher: 74%. Harris (1969) calculated a
nesting success of maximally 44% at the, in those days,
stable Plaza colony (Galapagos), Snow (1965)
recorded 55% at the same place and at Daphne (also
Galapagos) only 32%. Stonehouse (1962) reports a

nesting success of 52% on Ascension. The major cause
of these low percentages elsewhere were not ascribed
to predation, but mainly to loss of eggs and small
chicks in interspecific fights with White-tailed Tropic -
birds P. lepturus in densely populated colonies. For this
same reason the interval of laying after a lost egg or
chick seems to be much longer in these studies: the
abandoned nest is soon occupied by another breeding
pair.

Probably all percentages of hatching and fledging
success presented above are too high, due to missed
depredated nests during the observation period. The
nests with chicks found in May and June might be
second or third clutches, where the first clutch was
unrecorded. If a pair with an unobserved depredated
first clutch does not produce a second one, this
breeding pair is not part of the calculation of nesting
success. Therefore, the calculation of the daily survival
probability for both eggs and chicks is a more accurate
estimate of nesting success (Mayfield 1961). This
method results in a nesting success of 48% per pair at
Old Booby Hill. In the same way, the actual nesting
success of Galapagos and Ascension will be lower than
presented by Harris (1969), Snow (1965) and Stone -
house (1962). Comparing the relative high nesting
success in the Old Booby Hill colony with the lower
numbers of the stable colonies of Galapagos and
Ascension in the middle of the 20th century, the conclu-
sion seems justified that the Saban population could
potentially be growing, if not limited by invasive preda-
tors.

Breeding population size
Abundance estimates of the breeding population on
Saba are scarce and not well documented. Voous
(1983) reports “no more than some 20 pairs on Saba”.
Since 2000, the Saba population has been estimated at
750–1000 pairs, apart from the low estimate of 360
pairs by Lowrie et al. (2012), based on a few counts of
flying birds only. The estimate of 750–1000 pairs was
made by Walsh-McGehee (2000, Lee &Walsh-McGehee
2000), who mainly focused on her study plot at the
south side of the island (Great Level). Taking into
consideration that my observations did not cover the
complete nesting season, and that the 107 occupied
nests observed in the colony at Old Booby Hill seemed
to represent about 10% of the whole colony, it can be
assumed that the total population of Saba is much
larger.

Taking into consideration that the colony at Pirate
Cliffs, which is inaccessible to humans, accommodates
many nests, and that also several smaller colonies are
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known, such as St. John’s Cliffs, a conservative estimate
for the Saba population is 1300–1500 breeding pairs
(Table 3, also see Geelhoed et al. 2013). Considering
that a few small colonies that were not included in this
estimate, such as Ravine Gut, Flat Point, Kelbey’s Ridge
and Booby Hill, may contain an additional 50 breeding
pairs, the total Saba population could potentially be as
large as 1850 pairs.

At the moment it is not easy to conclude whether
the estimated increase in numbers are due to popula-
tion growth or to inaccuracy of previous estimates.
Walsh-McGehee (2000) states that inhabitants of Saba
did not notice a substantial increase in flying birds
during the fourteen-year period between Voous’ and
her estimate. On the other hand several colonies in the
West Indies did decline or were even extirpated during
the past decades: e.g. Sombrero, Anguilla, St. Maarten,
St. Bartholomew, Montserrat. These colonies probably
disappeared mainly due to predation and disturbance
by introduced animals and coastal development (Lee &
Walsh-McGehee 2000). Moreover, it is stated by these
same authors that numbers of the White-tailed
Tropicbird on Saba have declined as a result of the
expanding Red-billed Tropicbird population. For that
matter, from the start of the observation period (mid
2010), no White-tailed Tropicbirds were reported on
Saba, nor by Lowrie et al. (2012) during their surveys
in 2009 and 2010.

An expansion of the Saba population during the
past decades seems to be probable thanks to the, until
recently, favourable breeding conditions on the island;
whereas, worldwide the population is decreasing
(BirdLife International 2016). This makes Saba as a
breeding location even more important, warranting
continued monitoring and research in combination
with removal programmes of invasive cats and rats.
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in de relatief gemakkelijk toegankelijke kolonies aan de zuid-
kant van het eiland nihil te zijn. In 2012 kon met behulp van
cameravallen worden aangetoond dat verwilderde katten de
oorzaak waren van het mislukken van de broedsels. Ratten
prederen waarschijnlijk ook nesten, maar in mindere mate.
Mogelijk houden de katten de rattenpopulatie enigszins in
toom. Tevens werd in dat jaar wekelijks een moeilijk bereikbare
kolonie aan de oostkant van het eiland bezocht. Hoewel
predatie ook hier voorkwam, bleek het broedsucces daar aan -
zienlijk hoger: 65% van de gevonden eieren of jongen vloog uit.
Rekening houdend met niet-gevonden en gepredeerde nesten
(Mayfield-methode) werd de kans op een uitvliegend jong per
nest berekend op 48%, een hogere waarde dan in de twintigste
eeuw elders in stabiele kolonies werd gevonden. Voorlopig lijkt
de broedpopulatie op Saba toe te nemen. Een conservatieve
schatting op basis van de tellingen uit 2012 komt uit op
1300–1500 broedparen. Mogelijk bereikt het aantal broedparen
zelfs 1850 vogels. In het licht van de wereldwijde achteruitgang
van de soort maakt dit het belang van de Sabaanse broedpopu-
latie alleen maar groter. Aangezien keerkringvogels tientallen
jaren oud kunnen worden en zeer plaatstrouw zijn aan hun
nestlocatie, kan een langdurig slecht broedsucces zonder dat te
monitoren echter onopgemerkt blijven, met een mogelijk
onvoorziene instorting van de populatie in de toekomst.
Voortzetting van het monitoren van het broedsucces en de
broedvogelstand op het eiland, aangevuld met bestrijding van
katten en ratten, lijkt dan ook van groot belang.
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SAMENVATTING

Het eiland Saba (Caribisch Nederland) is een belangrijke broed-
plaats voor de Roodsnavelkeerkringvogel Phaethon aethereus
mesonauta. In 2000 omvatte de populatie naar schatting
750–1000 broedparen. Dat is ongeveer 35% van de Caribische
populatie. In 2011 is begonnen het broedsucces van de soort op
dit eiland te monitoren. In het eerste jaar bleek het broedsucces
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