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An Assessment of Nesting Seabirds in San Nicolas Bay, Aruba, 2009 

Executive Summary 

The eleventh field season of the Aruba Tern Project was completed in 
2009.  The study continued its stated aim of producing a quantitative 
description of the status and distribution of nesting terns and 
laughing gulls within San Nicolas Bay and around the island of Aruba.   
 
The 2009 field season began during the third week of June, which was 
later than in most previous years.  Consequently, we were unable to 
gain accurate egg counts, egg measures and population counts for 
those species nesting early in the season, primarily Cayenne terns and 
sooty terns.  We were also unable to confirm the nesting status of 
regionally threatened roseate terns and some common terns.  
Despite these challenges we were able to generate population 
estimates for each species, although the margin of statistical error 
and reliability of the estimates, for the earlier nesting species, was 
more variable.  
 

We observed a continuation of the gradual 
increase in the number of nesting bridled terns.  
We also recorded average or greater than 
average numbers of sooty tern, common tern, 
brown noddy and laughing gull.  The numbers of 
Cayenne terns were within the range of numbers 
experienced in previous years.  The nesting island 
for Cayenne terns shifted from island 3 to island 
2 and there were no Cayenne terns observed 
nesting on the islets opposite Oranjestad.  The 

absence of Cayenne terns near Oranjestad was unusual but may be 
an observer bias as we were not on the island to see whether birds 
nested in that area and failed before we arrived.   
 
The egg size, clutch size, chick growth and juvenile and adult 
survivorship was within the range recorded for all species in previous 
years. In general, and despite the challenges associated with relatively 
late data collection, we believe that 2009 represents a slightly better 
than average year for all tern species nesting on Aruba.  The increase 
of nesting laughing gulls must be the result of immigration as the local 
population could not account for the scale of increase observed in this 
species.  Laughing gulls continue to remain a serious threat to ground-
nesting terns, most notably Cayenne terns. 
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Aruba, and particularly the San Nicolas Bay islands are unique within 
the Caribbean and most probably the world.  In 2009 San Nicolas Bay 
contained approximately 25% of the world’s population of Cayenne 
terns, over 90% of the Caribbean population of common terns,  25% 
of the Caribbean’s black noddy, 3% of the Caribbean’s brown noddy, 
>1% of the Caribbean’s bridled terns and 4% of the Caribbean’s 
laughing gull.  We are unaware of any other location in the world that 
contains the diversity and abundance of terns observed in San Nicolas 
Bay.  For this reason 
BirdLife International 
(2008) has declared the 
Bay islands to be a 
globally important bird 
area (IBA).  
  
The project was 
conducted in 
collaboration with the 
Aruba Veterinary 
Service, the Department of Agriculture, Husbandry and Fisheries, and 
the Government of Aruba, whose support is gratefully appreciated. 
We thank Valero Aruba Refinery for funding the study and also 
providing logistical and lodging support. We thank Caribe Alaska for 
their continued support and encouragement with this project.  
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1.0 INTRODUCTION AND STUDY AIMS 

The 2009 field season represents the eleventh year of the Aruba Tern 

Study (ATP) and has maintained the investigation of the population 

status and biology of terns and laughing gulls within San Nicolas Bay 

Aruba since 1999.  The field season began relatively late (June 21st) 

during 2009 and thus our ability to accurately note the population 

status and productivity for some species, particularly sooty tern and 

Cayenne tern,  was more constrained and subject to greater 

uncertainty than in most previous years.  Nevertheless, we believe that 

the consistency of our field methods and some ‘statistically legitimate 

assumptions and adjustments’ has improved our population estimates 

while reducing potential error and under-counting. 

The ATP aims to 

provide a quantitative 

description of the 

status, distribution, 

abundance and 

productivity of nesting 

terns and laughing 

gulls within San 

Nicolas Bay, Aruba and 

in other nesting 

locations around the 

island.  

As with all previous years the fieldwork was primarily conducted by, 

and under the direction of, the Aruba Tern Project (ATP) with the 

principal scientist (Dr. Adrian del Nevo) for Applied Ecological Solutions 

Inc. (AES) in collaboration with Caribe Alaska, Valero Aruba Refinery 

and the Government of Aruba.   
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This report follows the same format as with all previous years and 

primarily uses annual and cumulative tables to display the results and 

comparisons both within and between years.   
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2.0   STATUS, DISTRIBUTION AND 

POPULATION TRENDS 

2.1 AN OVERVIEW OF SPECIES COMPOSITION AND 

NESTING POPUATION TRENDS 

The San Nicolas Bay (“Bay”) continues to have eight species of nesting 

tern, but has lost both the roseate tern and black noddy as nesting 

species since 2003 and 2001 respectively.   A summary of the estimated 

annual breeding population for each species from 1999 through 2009 is 

presented in Table 1.  Despite our beginning the field season later than 

normal we are able to report that the estimated numbers of nesting 

sooty terns remained high with the 

fourth highest number of pairs on 

record (Table 1).  Bridled terns 

continue to show an increase since 

the decline in 2005.  Most other 

tern species have remained stable 

or shown moderate increases.  

Regrettably, Laughing gulls have 

also continued to grow in number and expand their distribution. 

Laughing gulls nested on all of the four main ‘Bay’ islands during 2009 

and continue to pose a threat to Cayenne terns and other tern species.    

Our study focuses on the Bay but we also report tern populations from 

elsewhere on Aruba.  For only the second year we did not record 

Cayenne terns nesting elsewhere on Aruba.  This means that all 

Cayenne terns in 2009 were nesting on the Bay islands.  The world 

population estimate for Cayenne terns is 21,950 individuals (BirdLife 

International 2008) and thus the estimated 5,355 individuals within the 

Bay in 2009 represents 24% of the world population. 

Overall the total number of nesting pairs within the Bay, all species 

combined, in 2009 was approximately 5,800 pairs compared to 

approximately 7,500 pairs in 2008, (Table 1) an approximate inter-year 

decrease of 22%.  Much of the decrease is associated with the apparent 

decline in Cayenne terns.  However, the situation is less pessimistic if 
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one considers the number of individual birds for all species (Table 2).  

The number of brown noddies within the Bay is one of the highest on 

record.  The bridled tern is also showing a return of individuals to the 

area.  The individual counts for Cayenne tern was not the highest but 

was certainly above average. What is not clear is why many of the 

individuals were not apparently nesting.  Typically this may mean that 

these are relatively young (<3 year old), inexperienced birds and/or 

birds that have moved into the area from other sites.  Thus although 

the number of individuals does not equate with the number of nesting 

pairs, it is possible that future nesting numbers may rise.  

It is also possible that the apparently ‘floating’ and seemingly non-

nesting birds in 2009 had attempted nesting earlier and for some 

reason may have been disturbed or failed. 

We noted in 2008 that several tern species were nesting earlier each 

year.  We believe this trend continued in 2009 with birds continuing to 

nest earlier, although the pattern or order of egg-laying between 

species has remained constant, see section 3.1.   

Laughing gulls were at their second highest number of both nesting 

pairs and individuals than at any other time during the eleven years of 

study, apart from 2001.  We continue to consider that this species is 

not only increasing through relatively high productivity but due to 

immigration from other areas.  
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2.2 TERN SPECIES INDIVIDUAL COUNTS 

A summary of the mean number of individuals for each species during 

1999-2009 is presented in Table 2.  A maximum number of individuals 

was recorded in 1999 (>24,000) and we noted approximately half that 

number in 2009.   It is important to note that our population estimates 

for 2009 may underestimate the numbers of some species, particularly 

the number of individuals for both Cayenne terns and sooty terns.  We 

believe our estimates for the number of nesting pairs for these species 

can be adjusted to reflect our late attendance.  However, the annual 

peak in the numbers of individual birds usually takes places in early to 

mid-June.  Our field season began after this date and thus although we 

feel confident on the number of nesting pairs, we are less confident on 

the number of individuals of these two species.  Consequently, we are 

unsure whether the number of individuals for Cayenne tern and sooty 

tern reflects a real difference or is an artifact of observational bias i.e., 

late season observation. 

In Table 3 we present the relationship between the number of nesting 

pairs and the number of individuals for each year from 1999 and 2009.  

In 2009 a balance in excess 

of 1,300 individuals were 

noted to the estimated 

number of nesting pairs.  In 

other words approximately 

1,300 more individuals 

were present than would 

be expected from the 

nesting estimates.  This 

suggests that our nesting 

estimates were an 

underestimate; there was good productivity from previous years and/or 

there was immigration from other areas, or some combination of these 

potential explanations. 

It is unclear why there was an apparent surplus of non-breeding 

Cayenne terns in 2009. However, it is possible that these birds did 

attempt nesting earlier in the season and our late arrival missed this 
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occurrence.  We do not know whether these birds did attempt to nest 

earlier and whether this apparent nest failure was caused by natural or 

man-made factors.   The number of ‘surplus’ Cayenne terns in 2009 

(Table 3) represents 35% more than would be anticipated.  These 

apparently ‘floating birds’ represent the largest percentage ‘surplus’ 

observed in any year, apart from 2002 (Table 3&4). 

A similar comparison of the estimated ‘surplus’ number of other tern 

species was calculated and presented in Table 4.  Cayenne terns (35%), 

bridled terns (35%) and Brown noddy (167%) all exhibited higher 

numbers of individuals (expressed as a percentage) than was 

anticipated from the estimated number of nesting pairs.   

Conversely, fewer sooty terns (-19%), common terns (-8%) and laughing 

gulls (-0.6%) were observed than anticipated 

compared to the number of nesting pairs.  Our 

observations support our contention that both the 

number of individuals and the number of nesting 

pairs at a site are required to understand the total 

colony size.  We recognize that our ability to 

interpret these data may be limited by the frequent 

annual changes associated with the site.  However, 

our overall impression is that the Bay colony is 

doing well and generally increasing in number, although the dynamics 

of the populations are less easy to interpret.  

 

 

  



  

 

 

                     Applied Ecological Solutions Inc. 

                     1504 Burning Tree Court 

                     Lawrence, Kansas 66047 USA                                          

      Page | 12  
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2.3 SUMMARY SPECIES ACCOUNTS 

 

2.3.1 SANDWICH AND ROYAL TERNS 

Both sandwich terns and royal terns have been are infrequent nesting 

species within the Bay (Table 1).  We have never observed more than 

two pairs of royal terns and it seems unlikely that these relatively large-

bodied terns could be missed. 

Sandwich terns are extremely similar to Cayenne terns and typically 

nest in the same colony.  The main difference between them and 

Cayenne terns is the bill color and the presence of black feathers on the 

top of the head.  When there are several thousands of terns present it 

is quite feasible that sandwich terns could be missed.  Consequently we 

consider any count of sandwich 

terns to be an underestimate.  

The five observed pairs in 2009 

is one of the lowest totals we 

have seen (peak count of 43 

pairs in 2006, Table 2). 

However, the overall low 

numbers for this species and 

the similarity with Cayenne 

terns means that any 

interpretation of the observations is difficult.   

 

2.3.2 CAYENNE TERN 

The number of nesting pairs of Cayenne terns within the Bay in 2009 

was 1,987 with no birds reported from the islets opposite Oranjestad or 

elsewhere (Table 5).  We cannot fully explain the slight decline in 

nesting pairs either within the Bay or elsewhere on the island.  We have 

discussed the 2009 number of individual Cayenne terns earlier and 

consider that some form of disturbance may have occurred that caused 

a failure of nesting and/or birds arrived later and failed to nest.  The 

marked annual fluctuation of nesting Cayenne terns has been observed 

since the study began in 1999 (Figure 1).      
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Cayenne terns probably live in excess of twenty plus years and thus the 

loss of one nesting season may not be disastrous for the species.  

However, we do not know why there is the discrepancy between the 

number of individuals and nesting pairs and thus the factors that 

account for the seemingly lower numbers of nesting birds of this 

species.  

We were unable to find any nesting Cayenne terns on 

Bonaire and we have no evidence to suggest that they 

nested on Curaςao.  Contact with other observers 

found no evidence of birds nesting along apparently 

suitable areas of the Venezuelan coast.  We believe 

that the lack of observation during one of the critical 

periods has reduced our ability to accurately assess 

the status of this species and thus our population 

estimate is dependent upon a combination of nesting 

pair estimates and counts of individual birds.   

Counts of previously banded birds were lower than previous years, and 

we noted only ca. 3% of Cayenne terns with bands.  This observation 

may initially suggest that birds may have moved out of the area.  

However, the large number of non-nesting birds may mean that the 

banded birds were amongst them and thus were less easily observed 

and subsequently counted.   

 

2.3.3 SOOTY TERN 

The number of nesting sooty terns during 2009 was higher than the 

overall average number of pairs for all previous ten years.  Sooty terns 

continue to be one of the most numerous nesting tern species on the 

island.  However, it is also one of the species whose timing of nesting 

has changed most significantly over the years.  Sooty terns have 

initiated egg-laying earlier each year and this has changed dramatically 

i.e., by approximately 14-16 days over the last eleven years (Figure 2).   
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Sooty terns increased slightly in 

nesting pairs from the number 

recorded in 2008 (Figure 1, Table 1), 

despite a decline in the number of 

individual birds during the same 

period (Table 2).  Table 4 shows that 

the number of individual birds was 

lower than anticipated (in part 

based on juvenile / egg counts).  We 

suggest that the relatively lower 

number of individuals may be due to 

some food stress with adults 

spending more time away from the 

colony and/or foraging further.  The 

effect of this possible behavioral 

shift would be reduce the population of individuals while explaining the 

relatively high nesting population.  We shall discuss the possibility of 

food stress in sooty terns in section 3.1.  

 

2.3.4 BROWN NODDY 

The number of nesting brown noddies increased by 6% from 2008 and 

the 147 pairs was also the same as the eleven-year average for the 

species.  We observed a dramatic (109%) increase in the number of 

individual birds compared to 2008.  This increase also provided the 

third highest number of brown noddies 

observed within the Bay.  

Brown noddies have undoubtedly 

suffered from the loss of suitable 

nesting habitat due to winter gales and 

hurricanes.  However, our data suggest 

that this species is maintaining it 

presence within the Bay and represents 

almost 3% of the entire Caribbean 

population.  
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2.3.5 BLACK NODDY 

Black noddies continue to be present 

in the Bay but have not been observed 

nesting since 2001 (Table 1).  The 

number of individual Black noddies 

peaked in 2005 (135, Table 2) and the 

number observed in 2009 representing 

approximately 61% of the 2005 peak.   

Black noddies are almost entirely 

observed around island 4, and tend to favor certain areas on the island.  

Despite considerable observation and searches, we are unable to find 

any evidence of nesting for this species.   

 

  2.3.6 BRIDLED TERN 

Bridled terns continued their growth in numbers of nesting pairs (53) 

and individuals (143).  We shall discuss nesting success in section 4.0 

however; overall the status of bridled terns appears much improved 

since the worrying declines of 2005 and 2006 (Table 1).   Observations 

during 2005-2006 and in 

subsequent years suggest 

that rats were most 

probably the main culprit 

for the loss of these ground 

nesting birds.    The number 

of individual bridled terns 

has increased by over 30 in 

the last two years and it 

seems likely that a 

combination of more suitable habitat and the probable decrease in rats 

have combined to aid the apparent recovery of this species.   

 

2.3.7 ROSEATE, COMMON AND LEAST TERNS 



  

 

 

                     Applied Ecological Solutions Inc. 

                     1504 Burning Tree Court 

                     Lawrence, Kansas 66047 USA                                          

      Page | 16  
 

 

An Assessment of Nesting Seabirds in San Nicolas Bay, Aruba, 2009 

Roseate terns did not nest within the Bay for the sixth successive year 

(Table 1).  Only twelve roseate terns were observed during the field 

season and it was not known whether these birds attempted nesting 

and whether they were successful during 2009. 

The number of common terns within the Bay remains stable at 24 pairs. 

Nesting common terns were observed along the north and south coasts 

and a total population estimate for the island is approximately 60+ 

pairs, i.e., the same estimate as in 2008.  Our observations suggest that 

the 60+ pairs of common terns represent approximately 130 individuals 

and thus ca. 90% of the Caribbean population.  We believe that this 

apparent focus 

for common 

terns is slightly 

misleading as it is 

probable that 

this species is 

either under-

recorded and/or 

confused with 

the similar 

roseate tern.  

Thus, although Aruba has a significant proportion of this species for the 

region, we suggest that it is probably smaller than our numbers would 

suggest.  

Least terns within the bay increased slightly from 2008 and these were 

located on island’s 1 and the north jetty.  Least terns elsewhere on the 

island were comparable with previous years and showed no statistically 

significant decline.   

 

2.3.8 LAUGHING GULLS  

Laughing gulls exhibited their second highest number with a minimum 

of 315 nesting pairs (Table 1).  While the majority of gulls nested on 

island 1, pairs were also observed on all other islands within the Bay.   
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The continued increased and expansion of this species can only have 

come about through immigration as recruitment from the nesting 

population is limited due to relatively low productivity.  

 

2.4 INTER-ISLAND MOVEMENT OF TERN COLONIES 

We have no direct observation of inter-island movement by ‘known’  

(banded) terns or gulls during 2009 either within the year or from 

nesting locations in previous years to new locations in 2009.  However, 

we assume that some or all of the nesting Cayenne terns on island 2 

during 2009 included some of the same individuals nesting on other 

islands in previous years.  

We had come to expect that island 3 was the ‘preferred’ island for 

Cayenne terns with nesting on this island for all but one of the previous 

ten years (Table 5).  Indeed, Table 5 shows that island 3 was the most 

consistently used island for Cayenne terns in terms of number of years 

of use and the total number of birds nesting.  It was somewhat 

surprising therefore, when we noted that Cayenne terns were all 

nesting on island 2.  We have some indication of possible disturbance 

earlier in the season and it may be that the Cayenne terns were nesting 

on another island prior to our field visit.  We cannot corroborate this 

‘hunch’ but a number of factors, including egg size, chick hatching 

dates, chick size and other factors suggest that Cayennes may have 

used island 2 as a replacement or secondary site following some form 

of disturbance at another location and/or at an earlier time in the 

season.   

The increase in brown noddy and bridled terns on some islands 

suggests some movement between locations particularly as some sites 

e.g., island 3, have undergone dramatic vegetation or habitat change.  

However, we have no individually marked birds to support this 

contention.  To our knowledge there were no nesting terns on the 

islands opposite Oranjestad.  Thus any movement associated with these 

islands would have been away from these islands.  In this case birds 

would have either joined the nesting in the Bay, became part of the 
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‘floating’ (non-nesting) population or they moved to other locations 

within the Caribbean. 
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3.0 BIOLOGICAL PARAMETERS 

3.1 TIMING AND SYNCHRONY OF BREEDING  

For each year we have designated January 1st as day 1 and summarize 

the timing and spread of egg-laying (of the middle 80% of laying, 

Gochfeld 1980) as the number of days from day 1 (January 1st).  We 

present a summary of each species’ timing of median egg-laying in 

Table 6 and the broad range of nesting and synchrony in Table 7.  

Figure 2 provides a demonstration of how the timing of egg-laying has 

changed within- and between-species and during the course of the 

eleven-year study.   

The sequence of nest initiation between species has remained 

consistent between years with sooty terns laying eggs first and brown 

noddy or bridled terns being 

amongst the later egg layers 

(Figure 2, Table 7).  Sooty terns 

have also been consistently 

synchronized egg-layers with 80% 

of their eggs laid within a 15-day 

period (Table 7).  Conversely, 

bridled terns and brown noddy 

have been the least synchronized 

with egg-laying taking place over 

26 and 28 days respectively.   

In Table 6 we have highlighted the 

year with the earliest median egg-laying date for each species and note 

that the earliest egg-laying has taken place in recent years.  We present 

the same data in a different format in Figure 2.  For each species the 

median egg-laying date has been progressively earlier since the start of 

this study.  The earlier egg laying date for some species has been 

dramatic.  For example, sooty terns had a median egg-laying date of 

May 5 and April 3 in 1999 and 2009 respectively.  This represents a 

change in the median egg-laying date of approximately 32 days!  A 

remarkable change in eleven years.  We do not know what may be 
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causing the shift in the timing of egg-laying on Aruba.  This change may 

be due to modification in sea-surface temperature, distributional and 

temporal shifts in fish/food stocks, other factors and/or some 

combination of the above.   We are unaware of what, if any, biological 

significance may be associated with earlier nesting. 
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3.2 CLUTCH SIZE 

Clutch size data in 2009 was recorded for all species that laid more than 

one egg.  Sooty tern, bridled tern, and brown noddy were excluded 

from clutch size analysis as these species only lay one egg.  Due to the 

late beginning of the field season there was no clutch size data 

available for Cayenne terns.  We were unable to find any nesting 

roseate terns and thus clutch size data for 2009 is limited to common 

tern, least tern and laughing gull.  These data are summarized in Table 

8.  

A significant inter-year variation in clutch size does exist for common 

terns however; the significance (post hoc Tukey test) indicates that the 

significance is driven by the 

relatively small clutch size in 

2003.  Overall clutch size in 

common terns was well 

within the range observed in 

previous years (Table 8). 

Clutch size for least terns was 

non-significantly smaller than 

in the past two previous 

years.  Overall, there was no statistically significant difference in least 

tern clutch size in 2009 than in any previous year.   

Clutch size for laughing gulls in 2009 was below average.  However, this 

may be due to younger or relatively new birds moving into the area and 

younger less experienced birds tend to have relatively smaller clutch 

size.  The growth in population of laughing gulls is most likely fueled by 

immigration and it is typically the case that immigration involves 

younger or inexperienced that have been forced out of their natal 

colony.    

Overall there was no evidence of any statistically significant difference 

in clutch size for terns during 2009 compared to all previous years.  
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3.3 EGG SIZE 

A summary of egg size data for 2009 and previous years is presented in 

Table  9.  Egg size is defined as EVI (egg volume index), where EVI = 

length x bredth^2.  

Relative to previous years, eggs in 2009 were average in size.  There 

was no species in which egg size was statistically different than to 

previous years.   

 

3.4 CHICK GROWTH AND DEVELOPMENT 

All field methods for sampling and measuring young birds were 

identical to previous years.  We banded 1,100 Cayenne terns, 57 brown 

noddy, 24 bridled terns, 15 sooty terns, 5 common terns, and 69 

laughing gulls.   We were able to recapture and re-measure 636 

Cayenne terns, 12 bridled terns, and obtained multiple re-measures of 

more than 40 brown noddies.   These data were used to estimate 

productivity (section  4.0 ) and also mean daily growth rates.  A 

summary of the growth data is presented in Table 10. 

  Mean daily growth rates for 

Cayenne terns in 2009 were less 

but not statistically significant 

than comparable data for the 

previous two years, 2007 and 

2008.  Overall, mean daily growth 

for Cayenne terns was above 

average and the third best year 

since the start of the study.    

Bridled terns had their second best growth year and were significantly 

better than in recent years.  We hope that the better-than-average 

growth will result in higher first year survival and subsequent return to 

the colony as sexually mature birds.   
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 Sooty terns and brown noddy both experienced slightly better than 

average chick growth.   Sooty terns were only observed late in the 

season and our sample size was very small and thus may not have been 

representative of the juvenile population as a whole.  However, 

productivity counts (section 4.) did indicate that sooty terns were highly 

successful and thus we have no reason to believe that chick growth was 

limited in 2009.  

With the exception of 1999 and 2002 (Table 10) brown noddies have 

been remarkably consistent in their chick growth rates.  

Variation in growth rates between species was significantly different 

and this was largely driven by the lower mean daily growth exhibited by 

bridled terns.  Bridled terns have frequently had slower daily growth 

than the other tern species and we are unsure whether this reflects 

natural physiological constraints, inter-specific variation in foraging 

ecology and food availability.  

 

4.0 PRODUCTIVITY 

As with all previous season we have used the same field, analytical 

methods and assumptions as described in earlier reports.  We use the 

same two measurement end-points as previous years and thereby base 

our productivity estimates on, (1) Hatching success (eggs hatched as a 

percentage of those laid), and (2) The proportion of chicks that reach at 

least five (5) days old.   

Cayenne terns: Hatching success for Cayenne terns in 2009 was 

unknown as we were not present during the egg-laying period and thus 

do not know how many eggs were laid (Table 11).  However, our chick 

capture and recapture program provided an estimated total of 1,767 

chicks.  Our population estimate was 1,987 pairs.  Combining these 

figures would provide a productivity estimate of approximately 97% 

which would represent one of the highest productivity years on record 

(Table 12).   
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However, it is important to note 

that these figures exclude any loss 

of chicks between hatching and 

five days of age.  We think this is 

unlikely and thus the true 

productivity estimate is 

somewhere less than 97%.  Crude 

estimates of dead young and or 

young taken by predators (gulls) 

range from 100-160 chicks.  If we 

factor these data into the estimate 

then productivity for Cayenne 

terns ranges from 80% - 83%.  The 

lowest productivity we have 

recorded for Cayenne tern was in 

2005 with only 76%.  As we know 

the number of chicks and the 

number of pairs, we are able to 

calculate the possible number of 

chicks that did not reach five days as approximately 250 individuals.  

We have no evidence to suggest that 250 chicks were lost to gulls or 

other predators and thus we suggest that productivity is somewhere 

between 76% and 83% and more likely closer to the higher estimate.  

Laughing gulls: Hatching success for laughing gulls is based on those 

clutches than are not ‘managed’.  Hatching success was less than 2008 

and 7% below the peak of 92% in 2007.  We observed few dead or 

dying laughing gull chicks and there was no incidental evidence to 

suggest that chicks were food stressed or subject to other limiting 

factors.    

Roseate terns: No roseate terns were observed nesting in 2009. We 

consider it unlikely that roseate terns nested and fledged young prior to 

our arrival on June 21st 2009.  

Common terns: Common terns had a relatively high hatching success in 

2009 with 87% of eggs/nests hatching (Table 11).  We were unable to 

obtain more accurate information for the Oranjestad colony as our 
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visits were later than in previous years.  Common terns continued to 

nest on island 1, 

where they were 

prone to 

predation by gulls 

and most 

probably by rats.   

We only observed 

two fledged 

young and we 

believe that 

overall nesting 

success on island 1 was probably low or zero.  However, based on our 

standardized approach our data suggest that 86% of chicks reached five 

days.  We are not convinced that many young reached much older than 

this age and there were no fledged birds observed.   

Bridled terns: Bridled terns experienced their best hatching success in 

four years (Table 11).  We believe this is in part due to more suitable 

nest sites and probably fewer predators, gulls and rats.  Equally 

importantly, we noted 85% of chicks reaching at least five days old 

(Table 12).  Consequently, this was the best year for bridled tern 

productivity since the peak year of 2004.  

Least terns: Least terns achieved greater than average hatching success 

in 2009 with 90% of eggs hatching successfully (Table 11).  Our late 

arrival for the field season constrained our ability to accurately assess 

the overall success of chicks reaching five days old.  We estimate that 

approximately 80% of chicks subsequently reached at least five days old 

(Table 12).  However, this estimate is also confounded by the large 

presence of juvenile birds along the north coast of Aruba that may have 

included non-Aruba birds. 

Sooty terns: The numbers of nesting sooty terns were relatively high in 

2009 (Figure 1, Table 1) but the timing of nesting was relatively early 

(Figure 2, Table 6) and thus our relatively late arrival provides a 

confusing picture of sooty tern productivity.  We were unable to gain 

any information of sooty tern hatching success and our estimates of 
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birds reaching at least five days old are based on assumptions and 

some uncertainty.    

The overall productivity for sooty terns may have been high as we 

observed relatively little evidence of dead young.   However, we are 

only able to provide a guesstimate for those sooty terns that reach at 

least five days (Table 12).    Observations during previous years, when 

we were present earlier in the season, suggest that relatively few sooty 

tern chicks are found dead.  By contrast hatching success is relatively 

low but having successfully hatched our past experience suggests that 

relatively few fail to reach at least five days.  

Brown noddy: Our confidence in the brown noddy productivity 

estimates is probably higher than for all other species as brown noddies 

are easy to locate and observe. Hatching success in 2009 was within the 

range for all previous years (Table 11).  Chicks reaching at least five 

days was relatively high at 98%.     

Royal terns, sandwich terns: Our estimates of nesting royal terns, and 

sandwich terns were 

compromised by our late 

arrival to the islands and 

thus we do not have an 

accurate estimate of the 

population or the 

productivity of these 

species.   

Black noddy:  This species remains the enigma of the Bay.  Relatively 

large numbers of individuals are present each year but we have not 

witnessed any nesting since 2001.  Consequently, there is no 

productivity estimate for this species in 2009.  
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5.0 FACTORS INFLUENCING SAN 

NICOLAS BAY TERN POPULATIONS IN 

2009 

We were not present on the island until June 21st 2009 and thus are 

unable to report on any disturbances or factors that may have directly or 

indirectly affected nesting terns prior to our arrival.   

5.1 Egg collection:  

We are not aware of any egg collecting during 2009. 

 

5.2 Recreation and Human Disturbance:  

Local fishing and recreational boats were observed passing between 

the reef islands and the refinery on numerous occasions.  We did not 

observe anyone trying to land on the islands, nor did we see any 

physical sign that might indicate that humans visited the islands during 

tern nesting.  We are aware that at least one visit was made to the 

islands prior to our visit.  To our knowledge this was a brief visit and 

entailed bird photography.  We have no evidence to suggest that this 

visit caused any desertion or loss of nesting pairs, eggs or chicks.  

 

5.3 Habitat Loss, Degradation and Change:   

Vegetation growth continues to be the most significant factor affecting 

the habitat on islands 4, 3, and 2. Island 1 continues to be relatively 

lacking in vegetative cover. 

In previous reports we have stated that ground cover is rapidly 

changing the character of the islands.  Much of island 3 is now covered 

with vegetation and extensive areas of island 4 have vegetation that 

has expanded in lateral extent and vertical height.  Our data suggest 

that these habitat changes are good for vegetation-associated species 

such as brown noddy, sooty tern, and black noddy.  Conversely, species 

that prefer more open ground, Cayenne tern, common tern and least 
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tern are losing nesting habitat.  For those species that require cover 

amongst boulders, bridled tern and roseate tern the covering of the 

boulders by ground-creeping vines/vegetation is an impediment to 

nesting.  

Winter gales and storms were responsible for moderate changes to the 

shape and size of island 2, 3, and 4.  We estimate that approximately 

8% of the island area was lost to tern-nesting as a result of winter 

storms during 2008/2009. 

The dense vegetation also contributes to our reduced capability to 

census some tern species, notably sooty terns and brown noddy.  We 

have developed a number of approaches to compensate for the 

changes in the vegetation structure in order to ensure that our census 

methods are relevant between years and provide a consistent and 

repeatable population estimate.  Nevertheless, it will be necessary to 

conduct some ‘gardening’ particularly on island 4, if we are to maintain 

consistency in our population estimates and obtain adequate coverage 

of the island. 

We did not observe any damage to leaves or the vegetation in general 

that may have been caused by airborne contaminants.    

 

5.4 Food Availability:  

We did not conduct a study of tern 

foraging or feeding ecology in 2009. 

However, casual observations 

suggest that a greater variety of fish 

prey were brought to the colony in 

2009 than in previous years.  We did 

not notice any marked decrease or 

change in fish/prey size, quantity, or 

seasonal/diurnal variability, but we 

emphasize that these were entirely 

casual observations and not subject to detailed study.  
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We do not believe there was any evidence to suggest that terns were 

food stressed in 2009.  Indeed, our circumstantial evidence suggest that 

egg size, clutch size and chick growth was normal or above average for 

most species and thus probably indicates adequate or above normal 

food supply and/or availability.  

 

5.5 Disease:  

We are still awaiting the results from ticks collected from common 

terns, sooty terns and Cayenne terns in 2008.  However, ticks were 

noticeably absent from all species of chicks we handled in 2009.  We 

did not observe any other signs of loss or disease in 2009, with the 

exception of six sooty terns that had deformed or damaged wings.  We 

had neglected to report this observation in previous years but do not 

consider the relatively small numbers of deformed-winged birds to be 

excessive (never greater than 10 per year), particularly considering the 

many thousands of adults and chicks that occupy the islands during 

April – July 

    

5.6 Predation:  

The growth in the number of gulls continues to be a cause for concern.  

Gulls are successful predators of terns, particularly Cayenne terns, but 

also bridled terns and common terns.  Gull numbers have increased 

from 74 nesting pairs in 

1999 to 315 pairs in 2009.  

The corresponding 

number of individual 

terns has increased from 

178 to 626 during this 

period.  While some of 

the food supply for these 

gulls is being provided by 

human waste, garbage dumps and other sources, it seems likely that 

the tern populations are particularly prone to predation from by gulls.  
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We found no direct evidence of rats during 2009, but do not believe 

that the previous year’s rat eradication efforts will have resolved this 

problem. There was no evidence of iguana or other predators on the 

islands during 2009.   We did observe a great blue heron on three 

occasions and also a green heron that was seen on several occasions.  

However, the timing of this heron presence was after most species had 

hatched their young.  Nevertheless we cannot discount the possibility 

that herons may have taken some eggs and /or young chicks at night or 

earlier in the season prior to our arrival. 

 

 

5.7 Refinery Conditions and Actions:  

We observed what we thought were six separately oiled laughing gulls 

in 2009.    We did not observe any oiled terns in 2009.  Laughing gulls 

are typically oiled when they inhabit pooled oiled areas within the 

refinery.  In each case we estimated the degree of oiling with three 

having ca. 20% oiling, one with 40% oiling and two with greater than 

79% oiling.  All oil appeared ‘faded’ and probably weathered.  There 

was no indication that any of these birds was impeded or restricted by 

the oiling.  The birds were present around the refinery for several 

weeks and to our knowledge were still present at the end of the field 

season.  

Wind-blown coke-dust was 

observed on island 2 in 2009.  

However, periodic rainfall 

completely washed the 

vegetation and removed the 

coke dust from the leaves and 

branches of the vegetation on 

the islands.   To our 

knowledge there were no 

other effects or incidences emanating from the refinery to the birds on 

the islands. 
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The refinery continues to maintain its unofficial role of reporting 

human presence on the San Nicolas Bay islands to the police and 

coastguard.  We believe that this activity is a major contribution to 

minimizing disturbance to terns by human visitors.  In this respect, the 

refinery plays a vitally significant role in the sustainability of the Aruba 

tern colonies.       
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6.0 CONCLUSION 

2009 was the eleventh year of the ATP.  The Bay continues to hold one 

of the most diverse and abundant tern populations in the Caribbean 

and possibly the world. It contains regionally and internationally 

significant populations of Cayenne terns, common terns, brown noddy, 

and black noddies.   

Our studies in 2009 confirm the status of the islands and their 

international significance.  2009 was a good year for nesting terns with 

the non-breeding (floating) population larger than in many previous 

years, suggesting a surplus population that may include sexually 

immature, inexperience or immigrating birds.  Whatever their source 

the nesting terns within San Nicolas Bay provide a unique natural 

phenomena that to our knowledge is not duplicated anywhere else on 

earth.   

Many of the biological parameters, for example, egg size, clutch size, 

chick growth, hatching success and overall productivity were relatively 

high or at least within the range of values reported from previous years.  

We continue to report that the vegetation growth has both advantages 

and disadvantages.  The vegetation will certainly aid some species, such 

as brown noddy, sooty tern, and black noddy.  Conversely, the 

expansion of vegetation growth will impede or reduce nest sites for 

common terns, Cayenne terns, and possibly roseate terns and bridled 

terns.  

Unfortunately administrative issues did not allow us to begin the 

season’s field work until much later than is normally the case.  The 

main effect of this delay was the accuracy with which we are able to 

assess the population of several species.  Additionally, our ability to 

assess productivity is compromised if we do not know how many eggs 

were laid and whether some of those eggs were lost or predated prior 

to our arrival.   

Biologically, we continue to propose that a more detailed investigation 

of inter-specific variability in foraging and feeding ecology be 

considered.  The late initiation of the field work did not facilitate the 
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completion of any work on tern foraging or feeding ecology and we 

hope to gain more information on this important topic in future years.  

2007 and 2008 were exceptional years for most tern species on the 

islands.  Overall we consider 2009 to be within range of the previous 

two years and suggestive that the tern colonies within the Bay are 

doing well.    

The Bay’s islands and their birds continue to gain attention worldwide 

and their ecological status has resulted in the island’s being designated 

one of the world’s most Important Bird Areas (IBA).   
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Figure 1. Annual variation in estimated nesting pairs of
Cayenne terns and sooty terns, 1999-2009, San Nicolas
Bay, Aruba
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Figure 2. Intra- and Inter-specific variation in median egg-laying dates, 1999-2009
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Table 1. Estimated Number of Nesting Pairs of Terns and Laughing Gulls within San Nicolas Bay,  

Aruba, 1999 – 2009 

 

Species 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Laughing Gull 74 205 350 (219)+ 98 (165) 205 268 234 247 315 
Cayenne Tern 3,226 2,750 3,581 (1,803) 4,012 (1,600) 2,774 1,343 2,858 3,876 1,987 

Sandwich Tern 5 3 3 ? 0 (1) 3 10 4 2 2 

Royal Tern 2 1 1 ? 0 (1) 0 0 0 2 1 
Roseate Tern (25)1 5 52 (0) 75 (0) 0 0 0 0 0 

Common Tern 39 40 24 (7) 4 (4) 4 24 29 23 24 
Bridled Tern 122 108 51 52 58 (46) 33 36 46 51 53 

Sooty Tern 6,650 1,580 2,434 (2,800)+ 2,765 (4,000) 1,266 4,190 1,410 3,144 3,248 

Least Tern 19 46 55 (3) 10 (3) 0 3 4 5 5 
Brown Noddy 116 158 164 144 155 (132) 149 165 144 138 147 

Black Noddy  26 32 48 ? ? ? ? ? ? ? ? 

TOTAL 10,304 4,928 6,763 (5,028)+ 7,177 (5,952) 4,434 6,039 4,729 7,486 5,782 
 
Notes: 
1. The use of parentheses denotes uncertain population estimates due to incomplete field coverage 
2. Estimates denote observed breeding and do not include failed breeders or early fledged. We do not know if sandwich tern, royal tern and 

black noddy attempted to nest earlier but failed or fledged early young 
3. Sooty terns breed on all islands and estimates are derived from capture/recapture techniques and numbers of young 
4. No nesting roseate terns were observed from 2004 to 2009 

5. Least tern numbers similar to those that in earlier years (1999-2003) had nested on the refinery jetties were noted along the north coast 
between the prison and the Seroe Colorado Lighthouse   
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Table 2. Estimated Mean Number of Individuals for Each Species of Tern and Laughing Gulls, San Nicolas Bay, 
Aruba, 1999-2009 

 

Species 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Laughing Gull 178 497 842 538 253 386 487 523 545 535 626 

Cayenne Tern 7,100 6,700 8,150 5,320 8,635 3,423 3,805 3,215 6,300 7,800 5,355 

Sandwich Tern 12 7 9 1 5 13 21 43 28 7 5 

Royal Tern 7 6 14 18 23 19 11 8 4 6 4 

Roseate Tern 77 34 164 10 169 15 64 9 115 0 0 

Common Tern 84 97 64 15 12 15 28 41 61 51 44 

Bridled Tern 286 255 163 144 174 153 164 154 114 112 143 

Sooty Tern 16,000 4,200 6,750 7,430 7,430 9,540 8,500 14,340 8,200 6,800 5,250 

Least Tern 54 95 175 32 32 27 15 36 23 7 12 

Brown Noddy 430 510 480 530 540 780 854 1,020 740 375 785 

Black Noddy  57 82 110 53 58 95 135 128 142 64 52 

TOTAL 24,285 12,483 16,921 13,178 17,331 12,963 14,084 19,517 16,272 15,757 12,276 
Notes: 

1. Numbers most probably include failed breeders or early fledged as well as active breeders 

2. Counts represent mean values from at least six counts per year 

3. Counts for individual species reflect species-specific diurnal attendance period and ‘optimal’ period for observing maximum numbers 

4. Overall mean number of terns 1999-2008 = 16,337 compared to 12,276 during 2009 

5. Counts in 2009 were conducted after June 23rd when peak numbers are typically much lower than in earlier June, when individual counts 

were recorded in all previous years.  
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Table 3. Annual number of Cayenne Nesting Pairs and Individuals and the possible non-breeding Population 1999-2009 
 

Year Pairs1 Individuals2 

Minimum 

Expected  

Individuals3 

Differential between 

expected and actual # 

of individuals4 % Difference5 

1999 3,226 7,100 6,452 648 10% 

2000 2,750 6,700 5,500 1,200 22% 

2001 3,581 8,150 7,162 988 14% 

2002 1,803 5,320 3,606 1,714 47% 

2003 4,012 8,635 8,024 611 8% 

2004 1,600 3,423 3,200 223 7% 

2005 2,774 3,805 5,548 -1,743 -31% 

2006 1,343 3,213 2,686 529 20% 

2007 2,858 6,300 5,716 584 10% 

2008 3,876 7,800 7,752 48 0.6% 

2009 1,987 5,355 3,974 1,381 34.7 
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Table 3. Notes 
 
1. See Table 1. 
2. Numbers most probably include failed breeders or early fledged as well as active breeders.  Counts represent mean values from at least six 
counts per year. Counts for individual species reflect species-specific diurnal attendance period and ‘optimal’ for observing maximum 
numbers, see Table 5. 
3. We have assumed that the expected number of individuals would, at minimum, be double the number of nesting pairs. This assumes only 
two birds per nest and excludes any multi-individual nest attempts. 
4. We assume the difference between expected and actual numbers represents the failed breeders, sexually immature birds or otherwise 
‘floating birds’ associated with the colony. 
5. The percentage difference above or below the anticipated number of individuals and likely to include failed breeders, or sexually immature 
birds.  However, these birds represent part of the total population associated with the colony 
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Table 4. Comparison between the estimated number of pairs and individuals for five species of tern and     

Laughing gulls, in 2009 
 
 

Species Pairs 
Expected 

Individuals 
Observed 

Individuals Difference 
% 

Difference 

Laughing Gull 315 630 626 -4 -0.6 

Cayenne Tern 1,987 3,974 5,355 1,381 34.7 

Common Tern 24 48 44 -4 -8.3 

Bridled Tern 53 106 143 37 34.9 

Sooty Tern 3,248 6,496 5,250 -1,246 -19.2 

Brown Noddy 147 294 785 491 167.0 
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Table 5. Estimated number of nesting pairs of Cayenne terns within San Nicolas Bay and Total  
for Aruba, 1999-2009 

Table  5.  Notes 
 
 Islands 1-4 and the Refinery Jetties are all located within San Nicolas Bay. Nesting Cayenne terns outside San Nicolas Bay have been on one of two small islands opposite Oranjestad  

Year 

Island 
1 

Island 
2 

Island 
3 

Island 
4 

Refinery 
Jetties 

San Nicolas 
Bay 

% Within 
San Nicolas 

Bay 

Outside San 
Nicolas Bay 

% Outside San 
Nicolas Bay 

Aruba Total 

1999 1 2,950 275 0 0 3,266 60 2,250 40 5,476 

2000 1 0 0 2,749 0 2,750 79 750 21 3,500 

2001 1 950 2,630 0 1 3,582 89 450 11 4,032 

2002 1,650 150 2 0 1 (1,803) - - - (1,803) 

2003 2 0 935 3,074 1 4,012 100 0 0 4,012 

2004 45 0 1,375 180 0 1,600 76 500+ 24 2,100+ 

2005 0 0 1,850 923 1 2,774 68 1,276 32 4,050 

2006 0 0 1,393 0 0 1,393 55 1,133 45 2,526 

2007 0 0 2,780 78 0 2,858 96 110 4 2,968 

2008 0 0 3,876 20 0 3,896 97 140 3 4,036 

2009 0 1,987 0 0 0 1,987 100 0 0 1,987 
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Table 6.  Median egg-laying date for terns and laughing gulls in San Nicolas Bay, Aruba, 1999 – 2009 
 

Species 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Laughing Gull 148 155 150 154 152 148 151 151 127 122 125 

Cayenne Tern 159 156 154 160 164 155 149 149 118 123 135 

Roseate Tern 148 143 150 158 150 154 149 149 147 ? - 

Common Tern 154 149 153 159 149 153 149 149 157 128 134 

Bridled Tern 165 170 182 178 181 174 187 160 145 125 139 

Sooty Tern 125 121 127 132 143 133 115 99 97 93 105 

Least Tern 126 132 143 138 134 135 137 103 149 127 130 

Brown Noddy 180 182 175 172 178 176 175 175 140 122 134 

 
Notes: 

1. Median laying date calculated from the middle 80% of first egg laying attempt. January 1st = 1 

2. Highlighted cells are the earliest median laying dates 

3. ? – denotes unknown status and uncertainty of any egg laying or egg laying took place outside normal observation period 

4. Initial egg-laying dates in 2009 were estimated from hatching dates and assumed species-specific incubation periods 
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Table 7. Spread and Synchrony of egg-laying for tern species and laughing gulls within San Nicolas Bay, 

Aruba, 1999-2009 

 

  

Species 
Spread of Egg Laying 

Dates1 

(all years) 

Spread of Egg 
Laying2 

(days, all years) 

Synchrony of Egg 
Laying (days) in 

20083 

Spread of Egg Laying 
Dates4 

(calendar period) 

Laughing gull 122 - 155  33 16 May 2 – June 4 

Cayenne tern 118 – 164 46 6 April 28 – June 13 

Roseate tern 147 – 158 11 - May 27 – June 7 

Common tern 128 – 159 31 11 May 8 – June 8 

Bridled tern 125 – 187 62 26 May 5 – July 6 

Sooty tern 93 – 143 50 15 April 3 – May 23 

Least tern 103 - 143  40 19 April 13 – May 23 

Brown noddy 122 – 182 60 28 May 2 – July 1 

Black noddy 185 - 194  9 - July 4 – July 13 
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Table 7. 
 
Notes: 
1. The spread of egg-laying includes the first and last egg of the middle 80% of the first nesting attempt 
2. The spread of egg-laying (days) is determined by subtracting the first recorded date from the last recorded date 

3. The spread of egg-laying in 2008 is the spread of laying for first eggs 

4. The spread of egg-laying converted to calendar dates 

5.  Egg-laying dates derived using various techniques. Where possible dates are derived from actual laying dates, or calculated 

from observed hatching and a known incubation period assumed/applied.  Egg-laying dates also calculated using regression of 

seasonal changes in egg mass for known eggs, in addition to egg floating and egg candling 

6. Egg-laying dates for black noddy only represent 1999 – 2001 

7. Roseate tern and black noddy did not nest in 2008 and are thus excluded from the synchrony of laying for that year 

8. Data for 2009 were obtained relatively late in the season   
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Table 8.  Annual variation in mean clutch size, with standard deviation and sample size, for least tern, 
common tern, roseate tern, Cayenne tern and laughing gull, San Nicolas Bay, Aruba, 1999 - 2009 

Year 
Laughing 

Gull 
Cayenne 

Tern 
Roseate 

Tern 
Common 

Tern 
Least 
Tern 

 
Mean  s.d.  (n) Mean  s.d.  (n) Mean  s.d.  (n) Mean  s.d. (n)  Mean  s.d. (n) 

1999 1.50  0.50 (12) 1.00  0.17 (65) - 2.13  0.64 (8) 1.67  0.49 (15) 

2000 2.27  0.71 (26) 1.05  0.21 (150) 1.71  0.50 (31) 2.15  0.52 (9) 1.91  0.4 (23) 

2001 2.24  0.71 (26) 1.00  0.25 (78) 1.05  0.50 (31)  2.25  0.70 (8) 1.86  0.35 (29) 

2002 2.31  0.35 (14) - 1.56  0.51 (18) 2.05  0.54 (9) 1.76  0.44 (17) 

2003 2.10  0.35 (12) 1.00  0.00 (75) 1.50  0.67 (89) 1.33  0.58 (4) 1.63  0.55 (34) 

2004 2.31  0.35 (14) 1.00  0.00 (138) 1.56  0.51 (18) 2.05  0.54 (9) 1.53  0.24 (23) 

2005 2.10  0.35 (17) 1.00  0.08 (144) 1.20  0.55 (9)  1.46  0.51 (19) 1.62  0.55 (56) 

2006 2.33  0.23 (66) 1.07  0.25 (45) - 1.56  0.30 (12) 1.72  0.50 (41) 

2007 2.16  0.21 (97) 1.01  0.01 (55) 1.13  0.11 (48)  1.67  0.12 (18) 1.97  0.20 (32) 

2008 2.35  0.47 (34) 1.08  0.23 (65) -  2.02  0.05 (12) 1.95  0.15 (40) 

2009 2.12  0.13 (16) - - 2.01   0.13   (4) 1.76  0.13 (14) 

P NS NS * * NS 

 
Note: 

1. Inter-year variation based on ANOVA with significance thresholds NS = non significant, <0.05 = * 



  

 

 

                     Applied Ecological Solutions Inc. 

                     1504 Burning Tree Court 

                     Lawrence, Kansas 66047 USA                                                Page | 50  
 

 

An Assessment of Nesting Seabirds in San Nicolas Bay, Aruba, 2009 

Table 9. Annual variation in Mean egg size (egg volume index1) for tern species and laughing gulls in San 
Nicolas Bay, Aruba, 1999-2009 

 

Year 
Laughing 

Gull 
Cayenne 

Tern 
Roseate 

Tern 
Common 

Tern 
Bridled 

Tern 
Sooty 
Tern 

Least 
Tern 

Brown 
Noddy 

         

1999 69.8 66.1 - 35.7 52.8 67.3 16.3 64.2 

2000 - 66.7 38.1 - - 63.9 16.6 - 

2001 68.9 66.3 37.3 37.7 51.7 63.5 15.8 64.6 

20022 - - - 39.5 59.4 - 15.8 64.2 

2003 69.4 64.8 37.8 38.1 56.4 64.4 16.9 66.2 

20043 67.4 65.5 37.2 39.2 54.3 - 15.9 65.2 

2005 65.2 66.2 36.3 36.4 54.4 - 16.1 66.6 

2006 66.1 65.7 - 36.6 53.8 64.9 16.3 65.8 

2007 64.0 64.0 36.1 35.4 53.5 63.7 16.1 66.0 

2008 64.2 65.6 - 35.7 54.2 64.3 16.3 65.5 

2009 64.1 - - 36.2 54.5 - 16.5 65.7 

p NS NS NS NS NS NS NS NS 
Notes: 

1. Egg volume index (EVI) is a standard measure of egg size.  Egg length is multiplied by the square of egg breadth 

2. Administrative delays resulted in a late start to the season and thus fewer eggs were measured 

3. Only one visit was possible during 2004 and we may have included eggs that were relay or replacement eggs. The 2009 visit was relatively 

late in the season and may include disproportionally more eggs associated with later nesting and/or younger females.   

4. Inter-year variation based on ANOVA with significance thresholds NS = non significant 
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Table 10. Intra- and Inter-specific variation in mean daily growth rate1 (mm per day) for tern species in San 

Nicolas Bay, Aruba, 1999-2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: 

1. Measured growth represents the linear phase of wing length 

2. Inter-year variation in mean daily growth rate based on ANOVA with significance thresholds of <0.05 = *, <0.01 = ** and <0.001 = *** 

3. Growth differential is measured during the linear phase of development  

  

Year 
Cayenne 

Tern 
Bridled  

Tern 
Sooty  
Tern 

Brown  
Noddy 

P2 

2000 2.66 1.10 4.60 1.40 ** 

2001 3.20 4.60 5.70 4.60 ** 

2002 5.40 3.70 5.80 3.70 ** 

2003 4.30 3.30 6.30 4.30 ** 

2004 5.21 3.80 3.20 4.56 ** 

2005 4.30 2.80 4.90 4.80 ** 

2006 4.80 2.30 5.70 5.60 ** 

2007 7.20 0.00 5.40 5.30 ** 

2008 6.48 3.23 5.81 5.87 ** 

2009 5.78 4.32 5.50 5.40 ** 

P2 * * * *  
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Table 11.  Intra- and Inter-specific variation in hatching success1 (HS) San Nicolas Bay, Aruba, 1999-2009 
 

Year 
Laughing 

Gull 
Cayenne 

Tern 
Roseate 

Tern 
Common 

Tern 
Bridled  

Tern 
Sooty  
Tern 

Least 
Tern 

Brown  
Noddy 

HS p2 

1999 85 78 0 74 83 73 74 96 ** 

2000 90 88 92 68 86 78 81 98 * 

2001 76 90 87 77 90 81 82 96 * 

2002 82 95 91 84 88 82 89 91  

2003 86 94 0 89 92 69 86 94 *** 

2004 80 93 65 50 100 95 - 100 ** 

2005 78 76 - 85 95 - 92 98 * 

2006 85 88 - 0 65 72 88 98 *** 

2007 92 95 32 80 0 85 95 92 *** 

2008 89 97 - 76 70 86 75 94 * 

2009 85 (?) - 87 92 (?) 90 96 * 

HS p2 NS * *** *** *** * * NS  
 

Notes: 
1. Hatching success is the number of hatched chicks as a percentage of the number of eggs laid 
2. Inter-year variation in hatching success based on ANOVA significance thresholds of <0.05 = *, <0.01 = ** and <0.001 = *** 
3. Field visits during 2009 were relatively late and hatching success estimates were not possible for early nesting species 
4. Early nesting species were, Cayenne tern and sooty tern.  We are unaware whether roseate terns nested before our visit   
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Table 12.  Intra- and Inter-specific variation in the percentage of birds reaching at least five days old1, San 

Nicolas Bay, Aruba, 1999-2009 
 

Year 
Laughing 

Gull 
Cayenne 

Tern 
Roseate 

Tern 
Common 

Tern 
Bridled  

Tern 
Sooty  
Tern 

Least 
Tern 

Brown  
Noddy 

HS 
p2 

1999 100 85 88 0 90 98 87 100 *** 

2000 100 78 90 0 85 78 76 92 *** 

2001 98 82 87 20 88 96 94 100 *** 

2002 100 80 91 0 92 92 89 98 *** 

2003 100 84 0 0 100 100 86 100 *** 

2004 100 85 70 0 100 100 - 100 *** 

2005 100 0 0 80 90 - 87 100 *** 

2006 100 23.4 0 0 8.3 88 84 97.6 *** 

2007 85 87 ? 80 0 80 73 98 *** 

2008 98 98.5 0 75 45 88 75 97.5 *** 

2009 96 (97) 0 86 85 (90) (80) 98 *** 

HS p2 NS *** *** *** *** * * NS  
 

Notes: 
1. Percentage of 5-day is the percentage of chicks that are known to have reached at least 5 days old 
2. Intra- and inter-specific variation based on ANOVA with significance thresholds of <0.05 = *, <0.01 = ** and <0.001 = *** 
3. Figures in parentheses indicate those species in 2009 for which data were incomplete and guesstimates calculated 
 


