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Abstract.—The Cay Sal Bank in The Bahamas is one of the Caribbean region’s most important areas for breed-
ing seabirds, but the colonies previously lacked solid estimates. This paper describes results of four visits between 
2010 and 2012. The Santaren Channel, used to transit to and from Cay Sal Bank, contained high numbers (6.1 ± 0.4 
birds per km2) of seabirds. The Cay Say Bank has at least 117 detectable islands with 484 ha of land area; the most 
numerous colony was at Elbow Cay (23 ha). Audubon’s Shearwaters (Puffinus lherminieri) were breeding at 97 pairs 
per ha (total: 2,200; 95% CI = 1,650-2,800 pairs), Sooty Terns (Onychoprion fuscatus) at 382 pairs per ha (total: 8,800; 
95% CI = 6,900-10,700 pairs), Bridled Terns (Onychoprion anaethetus) at 38 pairs per km coastline (5,829 m coastline; 
total: 220; 95% CI = 145-295 pairs) and Brown Noddies (Anous stolidus) at 72 pairs per ha (total: 1,609; 95% CI = 
1,070-2,250 pairs). The population of Audubon’s Shearwaters is among the largest in the world while populations 
of the other species are regionally significant. Roughly 420 ha (87% of the available land) were visited; however, 
many of the smaller cays (43 islands with 30 ha of habitat) have still not been surveyed. Seabirds were present in low 
densities (0.3-20 total pairs per ha) on the other large islands, all of which contain populations of introduced black 
(Rattus rattus) or Norway (R. norveigicus) rats. These visits provide the first repeatable surveys of breeding seabirds 
at Cay Sal Bank. Received 13 January 2014, accepted 11 August 2015.

Key words.—Anous stolidus, Audubon’s Shearwater, Bridled Tern, Brown Noddy, Cay Sal Bank, Onchyoprion ana-
ethetus, Onchyoprion fuscatus, Puffinus lherminieri, Sooty Tern.
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Populations of tropical seabirds have de-
clined since the settlement of islands by hu-
mans (Steadman 2006). In the Caribbean 
and The Bahamas, seabirds have been ex-
tirpated from most mainland areas and nest 
primarily on uninhabited cays and rocks 
(van Halewyn and Norton 1984; Pregill et al. 
1994; Schreiber and Lee 2000; Bradley and 
Norton 2009). The Cay Sal Bank in The Ba-
hamas (hereafter, “the Bank”) is a large, un-
inhabited atoll with thousands of breeding 
seabirds. The land and waters of the Bank 
contain healthy, relatively intact ecosystems 
including beach strand, rocky shore, scru-
bland coppice, and Coccothrinax coppice com-
munities on land (Correll and Correll 1982; 
E. Freid, pers. commun.) and sea grass, coral 
reef and hard bank in the water (Bruckner 
2011). Loggerhead sea turtles (Caretta caretta) 
nest in high density on islands with significant 
beaches (Addison and Morford 1996).

Previous estimates of the seabird popula-
tions on the Bank were pooled over the area 
and lacked confidence intervals. The most 
important populations were reported at El-
bow Cay on the western edge, with numerous 
Audubon’s Shearwaters (see Tables 1 and 2 
for scientific names), Sooty Terns and other 
seabird species (Buden and Schwartz 1968; 
Sprunt 1984; Buden 1987; White 1998). The 
area is designated an Important Bird Area 
but is not otherwise protected (Moore and 
Gape 2008). During the Deepwater Horizon 
spill in 2010 (Mariano et al. 2011; Haney et 
al. 2014), concern that oil might enter the 
Straits of Florida and impact The Bahamas 
led to the organization of three expeditions 
to the Bank to assess the status of the ma-
rine and terrestrial habitats and document 
any damage from the oil. In 2012, a trip was 
organized to count and survey the seabird 
populations on the Bank.
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Methods

Study Area

The Bank is 75 km north of Cuba, 145 km east of 
Florida and 200 km south of Bimini. It has six larger 
islands (15-131 ha) and at least 112 smaller islets and 
rocks (Fig. 1). All rocks and cays with land area above 
high tide were measured using the area measurement 
tool within ArcGIS Explorer software using the ‘Imag-
ery with Labels’ basemap (Environmental Systems Re-
search Institute 2014).

Surveys

At sea surveys were conducted en route to the Bank 
from either Nassau (2010) or Grand Bahama (2012), 
passing along the northern and western edge of the 
Great Bahama Bank (Fig. 1). In 2010, opportunistic 
observations were taken of birds and wildlife during 
the voyage. In 2012, birds were counted using stan-
dard transects within 200 m of either side of the boat 
from the midsection to a point 200 m directly forward 
of the bow (Camphuysin and Garthe 2004). The boat 
travelled at a speed of 13 kmph, so that each 10 min 
block covered 0.43 km2. Detection rate was assumed to 
be 100% within this distance.

On land surveys were conducted using circular 
plots to estimate numbers of nesting seabird pairs on 
Elbow Cay in 2010 and 2012 (Burger and Lawrence 
2000; Mackin 2004). Plots were searched at night using 
playback to allow detection of Audubon’s Shearwaters. 
In 2010, 10 plots of 4-m radius were placed systemati-
cally at 98-m intervals from the northern tip of Elbow 
Cay south to the lighthouse, and all nests were counted. 
In 2012, 42 plots were placed randomly and assigned 
to six survey teams. For Sooty Terns, all nests within 5 
m of the center were counted. For Brown Noddies and 
Audubon’s Shearwaters, all nests within 7 m of the cen-
ter were counted. On 29 May 2012, a total of 27 plots 
were located and searched by the teams between 21:30 
hr and 23:00 hr. Values for Audubon’s Shearwaters were 
divided by 0.79 to adjust for the detection rate (Trimm 
and Hayes 2005; W. A. Mackin, unpubl. data) and multi-
plied by 0.54 to convert defended nest sites to breeding 
pairs (W. A. Mackin, unpubl. data).

For Bridled Terns, which nest in cavities on the 
periphery of islands, a separate survey was conducted 
at Elbow Cay in 2012. Nests were counted in seven 
transects of 125 m around the perimeter of the island. 
These transects were spaced approximately 600 m 
apart. The last 25 m of each transect were recounted by 
the third observer to estimate detection rate. The esti-
mate of the number of breeding pairs of Bridled Terns 
was produced by multiplying the average count by the 
ratio of the distance of coastline available at Elbow Cay 
divided by the transect length (125 m). For surveys at 
sea and on land, the mean (λ), SE [Ö(λ / n)] and 95% 
CI (λ ± 1.96 SE) were calculated for Poisson-distributed 
(count) data (Greenwood 1996; Barker 2002).

To check for the presence of Rattus species, observ-
ers searched and watched for signs of rats during all T
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fieldwork. Six baited, spring-loaded rat traps were set 
on Elbow Cay and Cay Sal Cay during 1 day of work in 
2010 and again at Elbow Cay in 2012. Finally, a Reconyx 
Hyperfire PC800 Camera Trap baited with bread was set 
during 1 night of work on Anguilla Cay in May 2012.

Results

In 2010, it was noted that the Santaren 
Channel had high numbers of seabirds during 
transit to and from the Bank. In 2012, 37.2 km2 
of pelagic water (deeper than 100 m) was sur-
veyed with an average of 3.5 ± 0.2 birds per km2. 
Audubon’s Shearwaters, Brown Boobies, Mag-
nificent Frigatebirds, Laughing Gulls, Bridled 
Terns, Sooty Terns and Brown Noddies were 
the most common species observed (Table 1). 
Densities of pelagic species were highest in the 
Santaren Channel (6.1 ± 0.4 birds per km2), 
moderate in the New Providence Channel (2.4 
± 0.4 birds per km2) and lowest in the Straits of 
Florida (0.9 ± 0.5 birds per km2).

Observations from visits to cays are given 
in Table 2. Terns were on eggs in late May of 

both years, while most Audubon’s Shearwa-
ters had small chicks (~1-2 weeks after hatch-
ing), similar in stage to the same species in 
the Exuma Cays on similar dates (Lee and 
Clark 1994; Mackin 2004). Chicks of all spe-
cies were near or past fledging by the end of 
July in 2010. No sign of Black (Rattus rattus) 
or Norway (R. norveigicus) rats was found on 
Elbow Cay. Rats were detected on the other 
islands that were visited: Anguilla (sight-
ings, photos), Cotton (skull), South Double-
headed Shot (sighting) and Cay Sal Cays 
(Royal Bahamian Defense Force Marines, 
pers. commun.). We found three potential 
predators of seabirds that were new records 
for the Bank: Barn Owls (Tyto alba), Short-
eared Owls (Asio flammeus), and the first Cu-
ban racer (Cubophis cantherigerus) outside of 
Cuba (Krysko et al. 2015) (Table 2).

In available imagery, there were at least 
117 islands on the Bank ranging from 40 m2 
to 131 ha in area with 484 total ha (Table 3; 
Fig. 1). Surveys in 2010 and 2012 estimated 
the density of seabirds at Elbow Cay, and the 

Figure 1. The islands of Cay Sal Bank, The Bahamas.
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results along with population estimates are 
given in Table 4. The 2010 and 2012 surveys 
with circular plots are compared in Fig. 2. 
The estimate of density for Sooty Terns was 
higher in 2010 than in 2012, while the es-
timates for Audubon’s Shearwaters and 
Brown Noddies were similar.

Discussion

The waters of the Santaren Channel pro-
duced high counts of seabirds in 2010 and 
2012. The densities measured in 2012 were 
comparable to those around productive ed-
dies of the Gulf Stream off the southeastern 
USA (e.g., Cold Core Eddy = 7.3 individuals 
per km2; Haney 1986). More surveys of wild-
life in Santaren Channel could determine 
whether it is an important marine feeding 
area.

Elbow Cay and the surrounding islands 
are among the largest seabird colonies in 
the Caribbean. Comparable breeding popu-
lations of small Puffinus shearwaters (for-
merly Puffinus assimilis and P. lheminieri, see 
Austin et al. 2004 and Clements et al. 2015) 
have been suggested at Reunion Island (P. 
bailloni; 235 colonies; 3,000-5,000 pairs; Bret-
agnolle et al. 2000), are known at Allen Cay 
and Long Cay in the Exuma Cays (P. lhermin-
ieri; Mackin 2004) and are thought to exist in 
the tropical Pacific (P. bailloni; BirdLife In-
ternational 2015). Jensen (1981) estimated a 
total of 1,500 pairs of Barolo Shearwater (P. 
baroli) at Selvagem Grande Island in the Por-
tuguese Madeira archipelago in the North 

Atlantic Ocean (225 ha). More pairs of 
Audubon’s Shearwaters were documented 
on the Bank (4,900 nests) than were known 
previously to nest in the entire Caribbean re-
gion, estimated at 2,700 pairs by Bradley and 
Norton (2009) and 3,000-5,000 pairs by Lee 
(2000). There are hopefully other colonies 
yet to be documented, but Elbow Cay is the 
largest known or suspected (W. A. Mackin, 
unpubl. data). Bank populations of Sooty 
Terns, Bridled Terns and Brown Noddies 
reported here are 8%, 13% and 11%, re-
spectively, of the Bradley and Norton (2009) 
baselines. Notably, the 2010 and 2012 sur-
veys at Elbow Cay produced different den-
sities of Sooty Terns but not of Audubon’s 
Shearwaters or Brown Noddies (Fig. 2). The 
2010 survey plots were aligned along the 
long axis of the island. This allocation may 
have biased the estimate by putting plots pri-
marily in the densest habitat for Sooty Terns, 
while the populations of the other two spe-
cies were independent of this feature. The 
simplest explanation for the difference is 
that these two surveys demonstrate the supe-
riority of randomly-placed, larger and more 
numerous plots.

In contrast to Elbow Cay, the populations 
on the largest islands (Cay Sal, Anguilla, Cot-
ton and the Double-headed Shot Cays) were 
sparse (Table 3). Elbow Cay lacks both rats 
and Cuban racers. Rats are known to depress 
seabird populations, particularly for smaller 
taxa such as these (Jones et al. 2008). Cuban 
racers are not known predators of seabirds 
but do prey on other small birds (Vasquez 

Table 4. Results of surveys at Elbow Cay in 2010 and 2012. For Audubon’s Shearwater, Sooty Tern and Brown 
Noddy, mean density ± SE per ha of circular plots is reported. Estimates for Audubon’s Shearwaters were adjusted 
by dividing by detection rate (0.79) and multiplying by rate of breeding within defended nests (0.54). For Bridled 
Terns, counts in 125-m transects are reported with linear density multiplied by the total island coastline (5,829 m).

Year Plots Plot Size Species Density  (per ha) 95% CI

Audubon’s Shearwater 109 ± 38    770-4,240
2010 10 50.3 m2 Sooty Tern 657 ± 114 9,950-20,250

Brown Noddy 119 ± 49    550-4,940

153.9 m2 Audubon’s Shearwater 97 ± 13 1,650-2,800
2012 27 78.5 m2 Sooty Tern 382 ± 42 6,900-10,700

153.9 m2 Brown Noddy 72 ± 13 1,100-2,250

2012 7 125 m Bridled Tern 38 ± 6 per km    145-295
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et al. 2013); however, they were only found 
at one cay.

Acknowledgments

We dedicate this paper to co-author David Lee, who 
passed away during the publication process. Thanks to 
M. K. Clark, O. Bass, D. Wingate, H. Wingate, D. Clare, 
L. Sorenson, A. Sutton, J. Gerbracht, M. Sorenson, K. 
Sieving, D. Pais, K. Carpenter, S. Plencer, C. Howard, 
D. McKew, B. Purdy, E. Bizant, S. Bowlin, G. Lanstaff, S. 
J. Baptist, D. Evers, B. Rinker, K. S. Sealey, E. Freid, L. 
Davis and L. Knowles. Funding was provided by ecotour 
participants, The National Fish and Wildlife Founda-
tion, Blackbeard’s Cruises, Defenders of Wildlife, the 
South Carolina Cooperative Fish and Wildlife Research 
Unit, BirdsCaribbean, The Bahamas National Trust, 
The Royal Bahamas Defense Force and Biodiversity 
Research Institute. Research was authorized by permit 
from the Bahamas Environment Science and Technol-
ogy Commission and U.S. Geological Survey Bird Band-
ing Laboratory. Two anonymous reviewers provided 
constructive comments on the manuscript.

Literature Cited

Addison, D. S. and B. Morford. 1996. Sea turtle nest-
ing activity on the Cay Sal Bank, Bahamas. Bahamas 
Journal of Science 3: 31-36.

Austin, J. J., V. Bretagnolle and E. Pasquet. 2004. A glob-
al molecular phylogeny of the small Puffinus shear-

waters and implications for systematics of the Litte-
Audubon’s Shearwater complex. Auk 121: 847-864.

Barker, L. 2002. A comparison of nine confidence inter-
vals for a Poisson parameter when the expected num-
ber of events is £ 5. American Statistician 56: 85-89.

BirdLife International. 2015. Species factsheet: Puffinus 
lherminieri. BirdLife International, Cambridge, U.K. 
http://www.birdlife.org/datazone/species/fact-
sheet/45959182, accessed 11 June 2015.

Bradley, P. E. and R. L. Norton. 2009. Status of Carib-
bean seabirds. Pages 271-293 in An Inventory of 
Breeding Seabirds of the Caribbean (P. A. Bradley 
and R. L. Norton, Eds.). University Press of Florida, 
Gainesville, Florida.

Bretagnolle, V., C. Attie and F. Mougeot. 2000. Audu-
bon’s Shearwaters Puffinus lherminieri on Reunion Is-
land, Indian Ocean: behaviour, census, distribution, 
biometrics and breeding biology. Ibis 142: 399-412.

Bruckner, A. 2011. Khaled bin Sultan Living Oceans 
Foundation 2011 coral reef assessment Cay Sal 
Bank, Bahamas. Unpublished report, Khaled bin 
Sultan Living Oceans Foundation, Landover, Mary-
land. https://www.livingoceansfoundation.org/as-
sets/2013/08/KSLOF_Cay_Sal_Bank_Assessments_
final.pdf, accessed 18 June 2015.

Buden, D. W. 1987. Birds of the Cay Sal Bank and Ragged 
Islands, Bahamas. Florida Scientist 50: 21-33.

Buden, D. W. and A. Schwartz. 1968. Reptiles and 
birds of the Cay Sal Bank, Bahama Islands. Quar-
terly Journal of the Florida Academy of Sciences 
31: 290-320.

Burger, A. E. and A. Lawrence. 2000. Seabird monitor-
ing techniques. Pages 148-173 in Status and Con-

Figure 2. Densities of Sooty Terns (Oncyoprion fuscata), Brown Noddies (Anous stolidus) and Audubon’s Shearwaters 
(Puffinus lherminieri) at Elbow Cay in 2010 and 2012. 



414	 Waterbirds

servation of West Indian Seabirds (E. A. Schrieber 
and D. S. Lee, Eds.). Society of Caribbean Ornithol-
ogy Special Publication No. 1, Ruston, Louisiana.

Camphuysin, K. C. J. and S. Garthe. 2004. Recording 
foraging seabirds at sea: standardized recording and 
coding of foraging behavior and multi-species forag-
ing associations. Atlantic Seabirds 6: 1-32.

Clements, J. F., T. S. Schulenberg, M. J. Iliff, D. Rober-
son, T. A. Fredericks, B. L. Sullivan and C. L. Wood. 
2015. The eBird/Clements checklist of birds of the 
world, v. 2015. http://www.birds.cornell.edu/clem-
entschecklist/download/, accessed 12 August 2015.

Correll, D. S. and H. B. Correll. 1982. Flora of the Ba-
hama archipelago. J. Cramer Publishing, Vaduz, 
Liechtenstein.

Environmental Systems Research Institute (ESRI). 2014. 
ArcGIS Explorer 2505. ESRI, Redlands, California. 
http://www.esri.com/software/arcgis/explorer, ac-
cessed 11 June 2015.

Greenwood, J. J. D. 1996. Basic techniques. Pages 11-
110 in Ecological Census Techniques: a Handbook 
(W. J. Sutherland, Ed.). Cambridge University Press, 
Cambridge, U.K.

Haney, J. C. 1986. Seabird segregation at Gulf Stream fron-
tal eddies. Marine Ecology Progress Series 28: 279-285.

Haney, J. C., H. J. Geiger and J. W. Short. 2014. Bird 
mortality from the Deepwater Horizon oil spill. I. Ex-
posure probability in the offshore Gulf of Mexico. 
Marine Ecology Progress Series 513: 225-237.

Jensen, A. 1981. Ornithological winter observations on 
Selvagem Grande. Bocagiana 62: 1-7.

Jones, H. P., B. R. Tershy, E. S. Zavaleta, D. A. Croll, B. 
S. Keitt, M. E. Finkelstein and G. R. Howald. 2008. 
Severity of the effects of invasive rats on seabirds: a 
global review. Conservation Biology 22: 16-26.

Krysko, K. L., D. W. Steadman, L. P. Nunez and D. S. 
Lee. 2015. Molecular phylogeny of Caribbean dip-
sadid (Xenodontinae: Alsophiini) snakes, including 
identification of the first record from the Cay Sal 
Bank, The Bahamas. Zootaxa 4028: 441-450.

Lee, D. S. 2000. Status and conservation priorities for 
Audubon’s Shearwaters in the West Indies. Pages 25-
30 in Status and Conservation of West Indian Sea-
birds (E. A. Schrieber and D. S. Lee, Eds.). Society 
for Caribbean Ornithology Special Publication No. 
1, Ruston, Louisiana.

Lee, D. S. and M. K. Clark. 1994. Seabirds of the Exuma 
Land and Sea Park. Bahamas Journal of Science 2: 
2-21.

Mackin, W. A. 2004. Communication and breeding be-
havior of Audubon’s Shearwater. Ph.D. Dissertation, 
University of North Carolina, Chapel Hill.

Mariano, A. J., V. H. Kourafalou, A. Srinivasan, H. 
Kang, G. R. Halliwell, E. H. Ryan and M. Roffer. 
2011. On the modeling of the 2010 Gulf of Mexico 
oil spill. Dynamics of Atmospheres and Oceans 52: 
322-340.

Moore, P. and L. Gape. 2008. Bahamas. Pages 53-81 in 
Important Bird Areas in the Caribbean: Key Sites for 
Conservation (D. C. Wege and V. Anadon-Irizarry, 
Eds.). Birdlife Conservation Series No. 15, Birdlife 
International, Cambridge, U.K.

Pregill, G. K., D. W. Steadman and D. R. Watters. 1994. 
Late quaternary vertebrate faunas of the Lesser An-
tilles: historical components of Caribbean biogeog-
raphy. Bulletin of Carnegie Museum of Natural His-
tory No. 30, Carnegie Museum of Natural History, 
Pittsburgh, Pennsylvania.

Schreiber, E. A. and D. S. Lee. 2000. West Indian sea-
birds: a disappearing natural resource. Pages 1-10 
in Status and Conservation of West Indian Seabirds 
(E. A. Schrieber and D. S. Lee, Eds.). Society for 
Caribbean Ornithology Special Publication No. 1, 
Ruston, Louisiana.

Sprunt, A. 1984. The status and conservation of seabirds 
of the Bahama Islands. Pages 157-168 in Status and 
Conservation of the World’s Seabirds (J. P. Croxall, 
P. G. H. Evans and R. W. Schreiber, Eds.). Interna-
tional Council for Bird Preservation (ICBP) Techni-
cal Publication No. 2, Cambridge, U.K.

Steadman, D. W. 2006. Extinction and biogeography of 
tropical Pacific birds. University of Chicago Press, 
Chicago, Illinois.

Trimm, N. A. and W. K. Hayes. 2005. Distribution of 
nesting Audubon’s Shearwaters (Puffinus lhermin-
ieri) on San Salvador Island, Bahamas. Pages 137-
145 in Proceedings of the Tenth Symposium on the 
Natural History of the Bahamas (S. D. Buckner and 
T. A. McGrath, Eds.). Gerace Research Center, San 
Salvador, The Bahamas.

van Halewyn, R. and R. Norton. 1984. The status and 
conservation of seabirds of the Caribbean region. 
Pages 169-222 in Status and Conservation of the 
World’s Seabirds (J. P. Croxall, P. G. H. Evans and R. 
W. Schreiber, Eds.). International Council for Bird 
Preservation (ICBP) Technical Publication No. 2, 
Cambridge, U.K.

Vasquez, A. E. R., Y. S. Vega and A. Fong G. 2013. Preda-
tion on birds by the Cuban racer Cubophis cantheriger-
us (Squamata: Dipsadidae) in Cuba. Herpetology 
Notes 6: 165-166.

White, A. W. 1998. A birder’s guide to the Bahama Is-
lands (including Turks and Caicos). American Bird-
ing Association, Colorado Springs, Colorado.


