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AbstrAct.–The Caribbean is a biodiversity hotspot due to its rich biodiversity and wholesale loss of primary vegetation. 
Yet, there is a paucity of studies on the status and trends of terrestrial avifauna populations in the region. We combined survey 
data from six habitats (Quill and Gilboa Hill, Town, Botanical Garden, Garden Road, and Venus Bay) on a small Lesser Antille-
an island over a seven-year period. Species abundance and richness varied among habitats, with Town having the highest species 
richness. Logistic regressions revealed significant differences among habitat and year (P = 0.008), but not foraging guild, season, 
rainfall or elevation (P > 0.05). The Quill (P = 0.0003) and Town (P = 0.001) differed significantly from the other habitats sur-
veyed. Granivorous + frugivorous and omnivorous species were most commonly detected in the Quill, whereas nectarivores and 
granivores were most commonly detected in Town. The influence of total annual precipitation on bird detection rates was unsub-
stantial. However, site-specific climate data for the different habitats are not available. Though resident landbird populations on 
St. Eustatius were stable over the survey period, we recommend that annual monitoring continue in the same habitats, especially 
following extensive vegetation damage caused by hurricanes Irma and Maria in September 2017 and in light of predicted global 
climate change. The results of our monitoring proved useful in evaluating protected areas and Important Bird Areas compared 
with non-protected areas. We encourage island researchers and conservation stewards to initiate similar long-term monitoring 
in order to determine the status of their resident landbird populations.

Long-term, locally-based biodiversity monitoring 
programs are essential for understanding and mitigat-
ing the effects of global change on tropical biodiver-
sity, yet relatively few exist in the Caribbean (Boal et 
al. 2013; Gregory and Stien 2010; Şekercioğlu 2012). 
Birds are the best-known taxonomic group, being ex-
cellent bioindicators of habitat quality (Powell and 
Powell 1986; Canterbury et al. 2000; Carignan and Vil-
lard 2002) and relatively easy to monitor (Gregory et 
al. 2004; Şekercioğlu 2012). However, one-fifth of the 
world’s bird species are considered of significant glob-
al concern (BirdLife International 2018b), and 12% 
have restricted geographical ranges and occur where 
habitat destruction is widespread (Pimm et al. 2006). 
Consequently, the use of birds as bioindicators can be 
incorporated into policies and regulations to monitor 
the ecological integrity and health of forests (Brooks 
et al. 1998) and other natural habitats. Monitoring may 
be especially important as sea surface temperatures 
continue to increase in conjunction with the worsen-
ing effects of global climate change (Emanuel 2005). 
Hurricane events, which have increased over the past 
100 years and are predicted to occur more often with 
greater intensity (Martin and Weech 2001), are known 
to have negative impacts on migrant and resident land-

birds (Wiley and Wunderle 1993; Wunderle 2005). 
The importance of avian monitoring programs for 

conservation efforts on Caribbean islands is well rec-
ognized (Latta 2005; Haynes-Sutton and Wood 2008; 
Boal et al. 2013; Yntema et al. 2017). Monitoring of 
avifaunal communities can help identify the effects of 
local environmental changes, as well as facilitate as-
sessments of vulnerable species (Arendt et al. 1997; 
Hilton et al. 2003; Dalsgaard et al. 2007; Devenish et al. 
2017). The Lesser Antilles Endemic Bird Area (EBA) 
has a distinct avifauna, with most restricted-range spe-
cies occurring in many habitats over a wide altitudinal 
range. Despite variations in the pattern of distribution 
between islands, the distributional overlap is sufficient 
for all Lesser Antillean islands to be included within a 
single EBA (Birdlife International 2018a). Whilst nu-
merous studies exist on the effects of hurricanes (Wau-
er and Wunderle 1992; Wunderle 1999, 2005; Arendt 
2006) and volcanic eruptions (Dalsgaard et al. 2007) on 
bird populations, to our knowledge the only long-term, 
constant-effort monitoring of resident terrestrial avifau-
na has been carried out in Cuba (Acosta Cruz 1988; Isa-
da et al. 2011), Jamaica (Diamond 1974; Ann Sutton, 
personal communication), Puerto Rico (Faaborg et al. 
1984; Faaborg and Arendt 1989; Faaborg et al. 2000, 
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2004, 2012), Guana Island (Boal et al. 2013) and Ane-
gada, British Virgin Islands (McGowan et al. 2007), 
and St. Croix, U.S. Virgin Islands (Yntema et al. 2017). 

Besides ad-hoc observations (Voous 1955; Rojer 
1997a; Madden et al. 2016), few if any long-term stud-
ies have been conducted on the terrestrial avifauna of St. 
Eustatius. Although the avifauna of the three windward 
Caribbean Netherlands islands show some similari-
ties (Geelhoed et al. 2013), the paucity of quantitative 
studies on Saba, St. Eustatius and St. Maarten means 
the population status of many species is unknown. The 
objective of our study was to assess landbird popula-
tions in six contrasting habitats on St. Eustatius. We hy-
pothesized that the Quill would harbor restricted range, 
forest-dependent species, and that it would differ sig-
nificantly from the other habitats sampled. We also ex-
pected Town to support a high diversity of birds, albeit 
generalist species that co-exist with humans in urban 
environments. Overall, we expected terrestrial avifau-
nal populations on St. Eustatius to be stable during the 
study period and consistent with expected species com-
position according to habitat type. 

Materials and MetHods

Study area
St. Eustatius (21 km2; between 17° 28’–17° 32’ N, 

and between 62° 59’–63° W) is a special municipality 
of The Netherlands situated in the northern Lesser 
Antilles comprising two volcanic areas separated by 
lowlands (Van Andel et al. 2016). One of the smallest 
islands in the Lesser Antilles, St. Eustatius shares the 
St. Christopher bank with St. Kitts and Nevis (Powell 
2011). Annual mean rainfall is 986 mm, with the wet 
season coinciding with hurricane season (August to 
November), and average daily temperatures range 
from 24° C to over 30° C (Van Andel et al. 2016). The 
lowlands between the two protected areas have been 
extensively cultivated and cleared for agriculture, 
urban development and cattle grazing over the past 
three centuries. During the height of slavery, some 
25,000 people inhabited the island. Consequently, 
primary forests in Boven and the Quill were cleared 
for agriculture (Van Andel et al. 2016). Free-ranging 
herbivores, especially goats, are pervasive across the 
entire island, including the terrestrial protected areas 
(Debrot et al. 2015). The island has a human population 
of ca. 3,900 (CBS 2013). 

Boven (289 m) to the north consists of five extinct 
volcanic centers, whereas the Quill (600 m) to the south 
is a dormant stratovolcano (Roobol and Smith 2004; 
Van Andel et al. 2016; Axelrod 2017). The Quill and 
Boven National Parks (865 ha) are terrestrial protected 
areas that are actively managed by St. Eustatius 
National Parks Foundation (hereafter STENAPA) 
(Collier and Brown 2008). Both areas are covered in 
secondary forest, with vegetation types ranging from 
seasonal deciduous to thorny woodland (Van Andel et 
al. 2016). Restricted-range species listed in the Lesser 
Antilles EBA that occur on St. Eustatius include Bridled 
Quail-Dove (Geotrygon mystacea), Green-throated 
Carib (Eulampis holosericeus), Purple-throated Carib 
(Eulampis jugularis), Antillean Crested Hummingbird 
(Orhthorhyncus cristatus), Scaly-breasted Thrasher 
(Allenia fusca), and Lesser Antillean Bullfinch 
(Loxigilla noctis) (Geelhoed et al. 2013; Birdlife 
International 2018b). Two Important Bird Areas (IBA), 
namely Quill (AN008) and Boven (AN007) IBA, fall 
within the terrestrial protected areas, as well as part of 
the St. Eustatius National Marine Park (Fig. 1) (Collier 
and Brown 2008; Geelhoed et al. 2013). 
Habitat description
1. The Quill (472 ha): a dormant volcano covered in 

secondary forest that dominates the southern part of 
St. Eustatius. Elevation ranges from ~150 to 600 m, 
with the protected area’s lower boundary beginning 
at 250 m (Geelhoed et al. 2013). Vegetation ranges 
from evergreen forest inside the crater to deciduous 
seasonal forest on the outer slopes (Van Andel et al. 
2016). The number of tree species in different veg-
etation types ranges from 6–17, with mean height 
ranging from 13.6–30 m (Van Andel et al. 2016). 
The Quill National Park is managed by STENAPA, 
which maintains a network of hiking trails. 

2. Gilboa Hill: part of Boven National Park (1,106 ha) 
to the north, this extinct volcanic center compris-
es dry forest fragments and open shrub land. The 
number of tree species ranges from 1–9, with mean 
height ranging from 3.3–5.2 m. Dominant tree spe-
cies are Pisonia subcordata, Acacia macracantha, 
Coccoloba swartzii and Bursera simaruba (Van 
Andel et al. 2016). Boven National Park is man-
aged by STENAPA, which maintains a network of 
hiking trails.
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3. Town: urban areas characterized by roads, residen-
tial properties, schools and other infrastructure. In 
addition to cultivated floral species in private yards, 
many of which are exotics, fragmented patches of 
vegetation among residences contain scattered 
trees such as Leucaena leucocephala and Melicoc-
cus bijuga, and an abundance of the invasive vine 
Antigonon leptopus (Van Andel et al. 2016). 

4. Venus: a heterogeneous disturbed area, situated in 
the valley between Gilboa Hill, Bergje, and Boven 

(de Freitas et al. 2014). Typical tree species include 
Piscidia carthagenensi and Leucaena leucoceph-
ala, with prickly shrubs such as Randia aculeata 
and Volkameria aculeata (Van Andel et al. 2016; 
Axelrod 2017).

5. Miriam C. Schmidt Botanical Garden (hereafter 
‘Garden’): situated at the base of the southeast-
ern slope of the Quill. The Garden is managed by 
STENAPA and accessible to the public, but en-
closed by a perimeter fence in an attempt to prevent 

fig. 1. Map of St. Eustatius showing Important Bird Areas (Geelhoed et al. 2013) and locations of terrestrial bird 
surveys conducted between 2009 and 2017. 1 = Quill, 2 = Gilboa Hill, 3 = Town, 4 = Venus Bay, 5 = Botanical Garden, 6 
= Garden Road.
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incursion by free-roaming animals. A number of 
cultivated flora species are maintained in the main 
visitor’s area, whereas on the outskirts of the Gar-
den dominant species include Leucaena leucoceph-
ala, Randia aculeata, and Malpighia emarginata.

6. Garden Road: leads to the Garden and comprises 
a forest-edge vegetative community dominated by 
Quadrella cynophallophora, followed by Ficus 
citrifolia, and to a lesser extent Citherexylum spi-
nosum. Mean tree height is 5.1 m. The road runs 
parallel to an area of regenerating grasslands con-
sisting of shrub land with low species diversity, 
dominated by invasive flora (Van Andel et al. 2016; 
Fig. 1).

Experimental design
From 2009 to 2013, and in 2015 and 2017, we 

collected data on population trends across six habitats 
through a standardized survey protocol, developed in 
2008 through a bird identification and monitoring work-
shop. This protocol provided guidance for conducting 
terrestrial bird surveys in order to gather consistent data 
among different habitats. We conducted bi-annual bird 
surveys in January (winter) and June (summer) in six 
habitats on St. Eustatius between 2009 and 2013, and 
in 2015 and 2017. Surveys were conducted only once 
in 2009 (summer), 2010 (winter) and 2017 (winter). We 
conducted 5-min passive point-count surveys or 100-
m line transect surveys, depending on the habitat type 
(Fig. 1). We conducted point counts in open habitats 
such as those found in Boven, characterized by low 
canopy, dense forest patches with relatively thin stems, 
and grassy shrub land with few trees (Van Andel et al. 
2016). We also conducted point-count surveys inside 
the crater of the Quill. We surveyed birds using tran-
sects primarily in the Quill and Town, with two 10-min 
observation counts conducted at the crater rim (400 m) 
and near Fort Oranje in town. 

We conducted 10 point-count surveys in each hab-
itat except the crater of the Quill, which owing to its re-
stricted area allowed the placement of only five points. 
Upon arrival at each location, the surveyor and field as-
sistant remained silent for two minutes to allow birds to 
settle (Rosenstock et al. 2002), then began a five-minute 
count. For line transect surveys, a distance of ten meters 
either side of the transect was surveyed. The start and 
end times were recorded for every survey. We recorded 

individuals or clusters of birds via sight and/or sound, 
and estimated the distance up to 10 or 20 m (Gregory et 
al. 2004). Scaly-breasted Thrashers were distinguished 
aurally and visually from Pearly-eyed Thrashers. Sur-
veys were conducted between 07:00 and 12:00 hours. 
Between 2009 and 2012, surveys were conducted by 
STENAPA staff that had attended the 2008 workshop. 
However, between 2013 and 2017 all surveys were 
conducted solely by the first and second authors. No 
surveys were conducted in 2014 or 2016. All 2017 sur-
veys were conducted before hurricanes Irma and Maria 
impacted the island. We present our data as an index of 
relative abundance, not actual density, which allows for 
comparisons between year, season, habitat, and survey 
methods (Hutto and Young 2002).
Statistical analyses

All analyses were performed in R 3.5.0 (R Devel-
opment Core Team 2018). Annual rainfall data were 
downloaded from http://www.seawf.com/rainhist.php. 
Species with a total number of detections below 25 
were excluded from the analysis. We ran a logistic Gen-
eralized Linear Model using habitat, year, elevation, 
season, total annual rainfall, diet guild, and observer as 
predictor variables. We conducted a Shapiro-Wilks test 
to test for normality of the species richness data, and an 
analysis of variance to determine differences in species 
richness between habitat or year. We conducted a high-
er-order community analysis by clustering the species 
into the following foraging guilds: nectarivores, frugi-
vores, granivores, insectivores, carnivores, omnivores, 
granivores + frugivores, and insectivores + frugivores 
(de Graaf et al. 1985). We conducted a Kruskal-Wal-
lis test to determine the significance of year or habitat 
on detections of a particular species. We conducted a 
pairwise comparison per species of total detections/ha 
according to habitat, year. We classified all habitats sur-
veyed into four distinct land uses: managed, protected, 
public and residential. Based on the four land use cat-
egories, we assessed species richness using a species 
accumulation curve using bootstrapping methods as 
implemented in the R-package ‘vegan’ (Oksanen et al. 
2012). 
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results

We detected 31 species from 3,351 observations 
based on 319 surveys across all habitats and survey 
periods (Table 1). There was a significant difference 
among observers when all data were pooled (P < 
0.0001). Therefore, we excluded data collected by dif-
ferent observers until this was no longer significant (P 
= 0.24). The species richness data were normally dis-
tributed. An ANOVA test revealed a significant differ-
ence in species richness between habitat (P = 0.002), 
but not year (P > 0.05). Logistic regressions revealed 
that year (P = 0.008) and habitat (Quill P = 0.0003; 
Town P = 0.001), were significant predictor variables. 
Rainfall, diet guild, elevation, observer, season, and 
the other habitats were not significant (P > 0.05). The 
percentage of each species detected per habitat during 
point count/line transect surveys is presented in Ta-
ble 1. Some species were detected in a single habitat, 
such as Bridled Quail-Dove, whose entire range on St. 
Eustatius is restricted to parts of the Quill. Similarly, 
Eurasian Collared-Dove (Streptopelia decaocto) and 
White-winged Dove (Zenaida asiatica) were detected 
only in Town (Table 1). Yellow Warbler (Setophaga 
petechia), American Kestrel (Falco sparverius), Antil-
lean Crested Hummingbird (Orthorhyncus cristatus), 
Bananaquit (Coereba flaveola), Black-faced Grassquit 

(Tiaris bicolor), and Caribbean Elaenia (Elaenia mar-
tinica) were most commonly detected at the Garden. 
Gray Kingbird (Tyrannus dominicensis) was most fre-
quently detected on Gilboa Hill (Table 1). 

Total detections of Bananaquit varied significantly 
among years (P = 0.04) and habitats (P = 0.005). Detec-
tions varied significantly between the Quill and other 
habitats surveyed (P < 0.04) except the Garden. There 
was a significant difference in detections of Bananaquit 
between 2010 and all other years (P < 0.01). Mean de-
tections of Bananaquit were highest in the Quill (mean 
= 1.5 ± 0.08) but lowest in Town (mean = 1.19 ± 0.04) 
and Garden Road (mean = 1.19 ± 0.06) (Table 2). Total 
detections of Lesser Antillean Bullfinch varied signifi-
cantly among years (P = 0.03) and habitats (P = 0.04). 
Detections varied significantly between Town and other 
habitats surveyed (P < 0.03), except the Quill. There 
was a significant difference in detections of Lesser An-
tillean Bullfinch between 2010 and all other years (P < 
0.01). Detections of Pearly-eyed Thrasher also varied 
significantly among years (P = 0.01) and habitats (P 
= 0.002). Detections varied significantly between the 
Quill and other habitats surveyed (P < 0.05) except 
Venus. There was a significant difference in detections 
of Pearly-eyed Thrasher between 2009 and 2011 (P = 
0.03), 2009 and 2015 (P = 0.02), 2009 and 2017 (P = 

fig. 2. Median species richness of common resident landbirds detected (individuals/ha) during annual point count/line 
transect surveys in six habitats on St. Eustatius, Caribbean Netherlands, between 2009 and 2017.
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0.03), 2011 and 2012 (P = 0.006), 2012 and 2013 (P = 
0.05), 2012 and 2015 (P = 0.002), and 2012 and 2017 
(P = 0.009). Mean detections of Scaly-naped Pigeon 
were highest in the Quill (mean 2.09 ± 0.25) and lowest 
on Gilboa Hill (mean = 1). Mean detections of Com-
mon Ground-Dove were highest in Town (mean = 1.63 
± 0.17) and lowest in the Quill (mean = 1). 

There was a significant difference among habi-
tats surveyed in terms of total individuals detected (P 
= 0.04) and number of resident species detected (P = 
0.002; Fig. 2). Pairwise comparisons of total detec-
tions/ha indicated significant differences between all 
habitats (P < 0.05) except the Garden and Gilboa, the 
Garden and Venus, and Garden Road and Venus. Pair-

table 1. Percentage of each species detected during point count/line transect terrestrial bird surveys per 
habitat type on St. Eustatius between 2009 and 2017. Number of survey points: Quill (n = 58); Gilboa Hill (60); 
Town (55); Venus (50); Garden (60); Garden Road (35).

Quill Gilboa Hill Town Venus Garden Garden Rd

Habitat Type Dry forest
Dry forest/open 

shrubland Disturbed Disturbed Cultivated

Forest edge/ 
Regenerating 

grasslands

Land Use Protected Protected Residential Public Managed Public
Species

Antillean 
Crested 

Hummingbird
3.6 14.8 13.15 7.66 17.3 5.1

American 
Kestrel 0.55 2 1.8 1.2 4.5 4.3

Bananaquit 23.81 47.4 49.05 27.7 61 14.5
Black-faced 
Grassquit 0.26 4.9 13.4 0.9 12.7 3.85

Bridled Quail-
Dove 10.55 - - - - -

Cattle Egret - - 13.5 - - 0.05
Caribbean 

Elaenia 2.97 2.7 16.75 13.4 21.5 12.25

Common 
Ground-Dove 0.26 2 23.05 2.5 5 4.2

Eurasian 
Collared-Dove - - 26.2 - - -

Gray Kingbird - 45.5 20.25 11.8 13 9
Lesser Antillean 

Bullfinch 12.28 8.7 52.15 11.1 27 16.65

Pearly-eyed 
Thrasher 86.54 44.2 13.7 48.1 47.4 10.65

Red Junglefowl 15.31 0 38.8 2 1.2 8.65
Scaly-breasted 

Thrasher 15.57 1.5 1.35 2.4 0.1 0

Scaly-naped 
Pigeon 51.41 3 - 0.3 - 2.4

White-winged 
Dove - - 5.4 - - -

Yellow Warbler - - 16 0.7 16.6 9.5
Zenaida Dove 1.17 9.9 39.45 11.5 18.2 10.15
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wise comparisons of total detections indicated signifi-
cant differences (P < 0.05) between 2011 and all other 
years. A pairwise comparison of total detections/ha in-
dicated a significant difference between 2012 and 2017 
(P = 0.03). A pairwise comparison of species detected 
did not indicate any significant difference between year 
or habitat (P > 0.05). There was a significant difference 
between habitat and species richness (P = 0.002) (Fig. 
2), and between species richness and year (P = 0.008).

disCussion

The results of our combined survey data 
demonstrate that terrestrial avifaunal populations on St. 
Eustatius were stable during the period of our study and 
similar to expected species composition according to 
habitat type. Although species abundance and richness 
varied among habitats (Table 1; Fig. 2), the same species 
were detected in each habitat, with rare exceptions. 
Typically, these discrepancies were of species that 
normally occur at low density, such as Black-whiskered 
Vireo (Vireo altiloquus), Purple-throated Carib, Red-

table 2. Average detection numbers/registrations (± SE) of common resident landbirds detected during 
point count/line transect surveys in six habitats on St. Eustatius, Caribbean Netherlands, between 2009 and 2017.

Quill Gilboa Hill Town Venus Garden Garden Rd
Species

Antillean 
Crested 

Hummingbird
1 1.09 ± 0.05 1.3 ± 0.19 1.21 ± 0.08 1.12 ± 0.05 1

American 
Kestrel 1 2 1 1 1 1.5 ± 0.22

Bananaquit 1.48 ± 0.08 1.26 ± 0.07 1.19 ± 0.04 1.26 ± 0.07 1.29 ± 0.07 1.19 ± 0.06
Black-faced 
Grassquit 2 1.3 ± 0.15 1.48 ± 0.14 1.2 ± 0.2 1.8 ± 0.22 1.42 ± 0.19

Bridled Quail-
Dove 1.23 ± 0.09 - - - - -

Cattle Egret - - 2.82 ± 1.36 - -
Caribbean 

Elaenia 1.18 ± 0.12 1.09 ± 0.09 1.18 ± 0.07 1.21 ± 0.07 1.15 ± 0.07 1.18 ± 0.06

Common 
Ground-Dove 1 1.2 ± 0.13 1.63 ± 0.17 1.3 ± 0.21 1.11 ± 0.11 1.75 ± 0.41

Eurasian 
Collared Dove - - 1.9 ± 0.29 - - -

Gray Kingbird 2 1.17 ± 0.04 1.34 ± 0.09 1.07 ± 0.05 1.09 ± 0.07 1.5 ± 0.18
Lesser Antillean 

Bullfinch 1.33 ± 0.17 1.18 ± 0.1 1.59 ± 0.12 1.19 ± 0.08 1.15 ± 0.06 1.21 ± 0.06

Pearly-eyed 
Thrasher 1.33 ± 0.04 1.19 ± 0.05 1.14 ± 0.07 1.24 ± 0.05 1.12 ± 0.04 1.09 ± 0.05

Red Junglefowl 1.22 ± 0.11 - 3.28 ± 0.48 1.14 ± 0.14 1 1.7 ± 0.26
Scaly-breasted 

Thrasher 1.11 ± 0.05 1 1 1 - -

Scaly-naped 
Pigeon 2.09 ± 0.25 1 - 1.2 ± 0.2 - -

White-winged 
Dove - - 1.2 ± 0.13 - - -

Yellow Warbler - - 1.08 ± 0.04 1.25 ± 0.25 1.03 ± 0.03 1.21 ± 0.09
Zenaida Dove 1.25 ± 0.25 1.22 ± 0.07 1.31 ± 0.09 1.11 ± 0.05 1.19 ± 0.07 1.23 ± 0.08
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tailed Hawk (Buteo jamaicensis), Carib Grackle 
(Quiscalus lugubris), and Green-throated Carib. The 
call of Black-whiskered Vireo can easily be mistaken 
for that of Pearly-eyed Thrasher, and we believe that 
some aural detections of Black-whiskered Vireo may 
have been incorrectly identified as such, resulting in 
such low detections that the species was excluded from 
analysis. Nevertheless, the thrasher is a ubiquitous 
species that thrives in all habitat types in considerable 
densities (Table 1) thanks to its generalized nesting 
and foraging strategy, plus several other biological, 
ecological and behavioral attributes (Arendt 2006). 
Given that Carib Grackle was detected only once 
(summer 2011) along the Garden Road transect, it was 
excluded from analysis. 

Whilst community differences were congruent 
with expectations due to the range of habitats sampled, 
the high floral diversity found within the dry forest of 
the Quill (Van Andel et al. 2016; Axelrod 2017) result-
ed in this habitat differing significantly from the others 
surveyed. The Quill supports forest-dependent spe-
cies such as Bridled Quail-Dove, whose range on St. 
Eustatius is entirely restricted to elevations of ~ 150 
– 600 m (including the crater) (Madden et al. in prepa-

ration). Scaly-naped Pigeons, Purple-throated Carib 
and Scaly-breasted Thrashers also favor the Quill over 
other habitats. Dominant foraging guilds of species de-
tected in the Quill were omnivorous and granivorous 
+ frugivorous (Fig. 3), which are similar to the species 
listed in Tables 1 and 2. These include Pearly-eyed and 
Scaly-breasted Thrasher, Red Junglefowl, Scaly-naped 
Pigeon, Bridled Quail-Dove, and Lesser Antillean 
Bullfinch. Bootstrapping confirmed the chosen level of 
sampling was sufficient to reliably detect community 
differences according to land use type. The leveling off 
of the curves and the small difference between the num-
ber of observed species confirmed the chosen level of 
replication was sufficient for meaningful description of 
the terrestrial bird fauna (Fig. 4). 

In September of 2017, hurricane force winds of up 
to 150 mph caused extensive damage to vegetation in 
the Quill. Approximately 93% of trees showed signs of 
severe (> 75%) defoliation: 11% lost secondary branch-
es, 73% lost both secondary and primary branches, 
36% were uprooted or snapped, and stem mortality was 
18% (Eppinga and Pucko 2018). Unfortunately, post 
hurricane-induced habitat loss/degradation can be more 
devastating for terrestrial bird populations than actual 

fig. 3. Foraging guild of common resident landbirds detected (individuals/ha) during annual point count/line transect 
surveys in six habitats on St. Eustatius, Caribbean Netherlands, between 2009 and 2017.
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hurricane impacts. Vegetation destruction affects the 
most vulnerable species, especially those with graniv-
orous diets and specific nesting, roosting or foraging 
requirements (Rivera-Milán 2001; Rivera-Milán et al. 
2015, 2016), such as Bridled Quail-Dove. The recovery 
of species with special microclimate requirements that 
require a closed forest canopy partly depends on the 
extent of vegetation damage, its rate of recovery, and 
the reproductive rate of the remnant local population 
(Wiley and Wunderle 1993). Thus Bridled Quail-Dove 
can be considered vulnerable based on the results of 
a post-hurricane population assessment conducted by 
Madden et al. (in prep.), which indicates that this spe-
cies warrants special attention for conservation and the 
continued sustainability of its population on St. Eusta-
tius.

Town had the highest species richness and, with 
the exception of the Quill, differed significantly from 
the other habitats surveyed. Many of the species 
detected within this habitat (e.g. Black-faced Grassquit, 

Bananaquit, Lesser Antillean Bullfinch, various dove 
species) are generalists able to co-exist with humans 
in urban environments. Species detected in this habitat 
were mainly granivores and nectarivores, typically 
characterized by the aforementioned species as well as 
relatively large numbers of Gray Kingbird and Cattle 
Egret. White-winged Dove was first detected in 2012 
and has been observed in Town surveys since. Given the 
absence of natural freshwater sources on St. Eustatius, 
small flocks of White-winged Dove can be observed 
around manufactured water sources such as swimming 
pools, especially in the dry season. The propensity of 
Common Ground-Dove to forage along semi-urban 
roads resulted in more detections on the outskirts of 
residential areas. Antillean Crested Hummingbird is 
more abundant (Table 2) and occurs in all habitats (Table 
1) compared with Green- and Purple-throated Carib, 
whose detection rates were so low they were excluded 
from the analysis. Red Junglefowl was most commonly 
detected in Town where they frequent yards and do not 

fig. 4. Species accumulation curve of common resident landbirds detected (individuals/ha) during annual point count/
line transect surveys in six habitats on St. Eustatius, Caribbean Netherlands, between 2009 and 2017.
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appear to be harvested as a food source. Yellow Warbler 
is a common resident in Town and around the Garden 
where it is regularly detected in low shrub land, often 
by its distinct call. 

While species richness was higher in Town than 
the other habitats surveyed, these populations should 
be monitored closely as the island continues to develop, 
especially since most avian population studies focus 
primarily on non-urban areas. As human populations 
and urbanization increase in the tropics, such studies 
are vital to sound public policy and quintessential in 
mitigating the detrimental impacts of anthropogenic 
development (Marzluff et al. 2001). The similarities in 
species composition and overlap in foraging guild com-
position (Fig. 3) between the Garden and Gilboa, the 
Garden and Venus, and Garden Road and Venus, and 
are as expected based on similarities in floral compo-
sition within these habitat types. Many of the species 
detected are generalists that persist in shrub lands with 
low canopy cover and medium tree height, and do not 
have specific roosting or microclimate requirements 
(Roth 1976). These species include Gray Kingbird, 

Yellow Warbler, Lesser Antillean Bullfinch, Caribbean 
Elaenia, Black-faced Grassquit, Pearly-eyed Thrasher, 
and Zenaida Dove, although there is some overlap be-
tween species and habitats. As such, these species are 
able to occupy a wider variety of habitats with fewer 
vegetation layers than less adaptable, forest-dependent 
bird species, such as Scaly-breasted Thrasher, Bridled 
Quail-Dove, and Scaly-naped Pigeon. When we com-
bined the data from all six habitats, the top ten most 
commonly detected species were Pearly-eyed Thrasher, 
Bananaquit, Lesser Antillean Bullfinch, Gray Kingbird, 
Zenaida Dove, Red Junglefowl, Caribbean Elaenia, 
Antillean Crested Hummingbird, Scaly-naped Pigeon, 
and Black-faced Grassquit (Fig. 5). 

Unlike many Caribbean islands whose economies 
depend on mass tourism, St. Eustatius received ca. 
11,000 tourists per year in 2013 and 2014, of which 
2,200 were day-trippers (CBS 2014). Between 2009 
and 2016, an average of 723 hiking tags was sold each 
year (St. Eustatius National Parks 2018), which equates 
to 1.9 hikers per day. These numbers are based on sales 
of park entrance fees and should be used with caution. 

fig. 5. Rank abundance curve of common resident landbirds detected (individuals/ha) during annual bird point count/
transect surveys in six habitats on St. Eustatius, Caribbean Netherlands, between 2009 and 2017.
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Hikers are known to enter the park without a tag and 
purchase one only if confronted by a patrolling ranger. 
The actual number of hikers is likely to be higher than 
those quoted by STENAPA. Furthermore, residents of 
St. Eustatius are not obliged to purchase hiking tags and 
may access the parks freely. While local visitor num-
bers to the parks are not thought to be high, no data 
exist to support or refute this. Nevertheless, low levels 
of tourism and a lack of anthropogenic disturbance in 
the parks may be benefiting vulnerable, forest-depen-
dent bird populations in the IBAs, especially the Quill. 
As St. Eustatius continues to develop and expand its 
tourist economy, unfortunately, anthropogenic distur-
bance to avian populations across the island may in-
crease. Based on our observations, classification of the 
terrestrial protected areas as IBAs is justified for spe-
cies conservation and protection, and we recognize the 
importance of these habitats for maintaining population 
levels of breeding landbirds on St. Eustatius. 

Total annual precipitation did not appear to have 
a significant impact on bird detection rates (P = 0.12). 
However, precipitation was measured only at one 
weather station, which is located near the base of the 
Quill. No specific precipitation rates are available for 
the other habitats surveyed. During three consecutive 
El Niño years in 2014, 2015 and 2016, annual precipita-
tion on St. Eustatius was 836 mm, 689 mm and 830 mm 
respectively, whereas total annual precipitation in the 
other years was over 1,000 mm (SEAWF n.d.). Average 
annual temperatures in the Caribbean have increased 
over the last century, and are expected to rise by another 
2° C this century. A long-term drying trend is predicted 
to continue in the Caribbean, resulting in drier summers 
(Neelin et al. 2006; USDI 2010). Furthermore, tropi-
cal storm and hurricane events are predicted to increase 
in frequency and severity as a result of enhanced sea 
surface temperatures. Such environmental changes are 
expected to have detrimental consequences for several 
resident, terrestrial avifaunal populations in the Carib-
bean islands. 

Monitoring plays a crucial role in policy-making. 
Despite sufficient insight into the factors that drive 
population trends at present, monitoring will serve to 
enhance local conservation plans on St. Eustatius and 
throughout the Caribbean Basin. The similarity in spe-
cies composition of avian communities on St. Eustati-
us and nearby Saba (Rojer 1997b; Voous 1955) means 

monitoring could yield valuable comparative infor-
mation about the status and trends of populations on 
both islands over time. Long-term monitoring of the 
avifauna on St. Eustatius could be improved via the ac-
cumulation of local, site-specific climate data, e.g., the 
installation of one weather station in each of the habi-
tats surveyed, in order to facilitate a better understand-
ing of avian population trends based on environmen-
tal and climate-related changes through a continuous, 
constant-effort monitoring program. The importance 
of common species to ecosystem functioning suggests 
that even relatively small proportional declines in their 
abundance could result in disrupted ecosystem struc-
ture, function and services. Monitoring is therefore an 
essential component of any empirical approach to na-
ture conservation, especially in the Caribbean where 
environments are rapidly changing and threats are ever 
increasing. 
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