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Abstract–Based on four years of butterfly monitoring in four contrasting natural habitats on St. Eustatius, we
document large and consistent differences in the butterfly species assemblages in the different habitats and compare
the butterfly assemblages of the three windward Dutch islands to those of other islands of the Lesser Antilles. Seven
new species records were established for St. Eustatius, thereby updating the butterfly list to a total of 32 species.
Pieridae were the most numerically abundant group of butterflies (48%), followed by Lycaenidae (26%), Hesperiidae
(12%), and smaller numbers of both Heliconiinae (6%) and Charaxinae (5%). Heliconiinae and Charaxinae both
showed a significant dependence on the moister, wind-sheltered habitats of the volcanic slopes and crater of the Quill,
but this dependence was particularly strong for Heliconiinae. The butterfly faunas of the windward Dutch islands
numbered a total of 44 species. The presence of larval host plants needed for local reproduction was confirmed for all
but two species. Cluster analysis separated the butterfly faunas of these and the surrounding islands into two groups.
The more speciose butterfly assemblages of Saba, St. Eustatius, and St. Martin clustered together with the those
of the surrounding higher islands of Antigua, Montserrat, Nevis, and St. Kitts, while the poorer faunas of the lowlying islands of Anguilla, St. Bartholomew, and Barbuda formed a separate cluster and had a lower species richness
particularly in the Heliconiinae and Charaxinae. Based on consistent effects of elevation on butterfly faunas, at both
geographic scales (between areas on St. Eustatius and between islands), our results suggest that island maximum
elevation is the overriding factor explaining the distribution of butterfly faunal richness in the northern Lesser
Antillean islands studied.

Butterflies form a varied component of the biodiversity of the Antilles and contribute significantly to
the islands’ status as a planetary hotspot of biodiversity (Meyers et al. 1999; Mittermeier et al. 2000). There
are a total of about 285 butterfly species present in the
Antillean islands, which is a low number compared to
equal-sized areas in Central and South America (Scott
1972). Of the Antillean species, 45% are endemic. Most
of the endemic species have their centres of distribution
around the larger and higher islands of Cuba, Hispaniola, and Jamaica (Scott 1972). The number of species
present is highly dependent on island size (Ricklefs and
Lovette 1999). The island with the largest number of
species is Hispaniola (Scott 1972). Compared to the
fauna of Trinidad, which is a typically South American
mainland fauna, the fauna of the Antilles has a notably
higher contribution of species from the Papilionidae,

Coliadinae, and Nymphalinae, while the Riodininae
and Satyrinae are poorly represented. Scott (1972) ascribes this to the fact that the first three groups have
undergone phyletic radiation in the Antilles while the
latter two appear to have been especially restricted by
their weaker flight habits. The biogeography of Antillean butterflies remains an active area of study, because
the largely one-dimensional geographic distribution of
the island chain presents a simplified system in which
to study processes of dispersal and speciation through
time and space (Fontenla 2003). A number of studies
have employed genetic techniques to study the observed patterns of variation. For instance, Davies and
Birmingham (2002) documented significant genetic
divergence across several Caribbean island passages
for island populations of two common and widespread
island species, Heliconius charitonia and Dryas iulia.
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In contrast, continental populations showed evidence of
considerable gene flow across huge distances. Also, until recently the Antillean Junonia species were identified as J. genoveva and J. evarete, but recent molecular
genetics work shows that in the Antilles, both are heterospecific to their South American congeners and have
now respectively been named J. zonalis and J. neildi
(Gemmell et al. 2014; Lalonde et al. 2018). Butterfly
abundance and diversity is highly sensitive to environmental variables such as plant diversity. Due to their
close association with plants, butterflies and moths may
be useful as bio-indicator species (Osborne et al. 1999;
Miller et al. 2011). In spite of the fact that many species are vulnerable due to small population size and/or
limited distribution, very little is known about the species-specific ecology of most West Indian species. This
is a key gap in knowledge that may hamper their conservation. The butterfly faunas of the West Indies have
been often used to study the species-area relationship
(e.g. Scott 1972; Davies and Smith 1997; Ricklefs and
Lovette 1999), one of the axioms of ecology first proposed by MacArthur and Wilson (1963). For such studies, accurate assessments of the species richness of the
islands are necessary but remain lacking or conflicted
in the Antilles. For instance, Davies and Smith (1997)
indicated butterfly species totals for Saba and St. Eustatius to be 13 and 21 respectively, while Ricklefs and
Lovette (1999) indicated species totals for Saba and St.
Martin to be 13 and 24 species respectively. However,
based on collections conducted by Lee D. Miller and
J. Y. Miller on West Indian and Florida butterflies (L.
D. Miller and J. Y. Miller, personal communication),
there were 22 species on St. Eustatius and 27 species
on Saba. The problem of inadequate sampling on small
islands has been commented on by Davies and Smith
(1997). There are no up-to-date species lists for the
Dutch islands in the current literature. Aside from a partial inventory and new species reported for the island of
St. Martin by Yokoyama (2013), it is evident that species lists for these islands could benefit from an update.
We here provide a revision of the butterfly fauna
of St. Eustatius and report the results of four years’ of
winter (January–April) monitoring in four different
habitat types. We also provide updated species lists
for Saba and St. Maarten, and compile information on
the island occurrence of plants known to serve as larval host plants elsewhere in the region. There is very
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Fig. 1. Map of St. Eustatius a) in the Lesser Antilles,
and b) showing the four habitat transects for butterfly faunal surveys. Transect lengths were as follows: Quill Crater
(QC) 674 m; Quill Flanks (QF) 1,689 m; Lower Quill Flanks
(LQF) 3,915 m; Northern Hills (NH) 1,655 m. Islands in
black are the younger, inner-arc volcanic islands. Islands
mapped in grey are the older, outer-arc islands.

limited information on larval host plant use for most
Caribbean butterflies. Such information can serve both
as an aid to understanding the constraints to local reproduction on each island and to help locate likely areas of
occurrence as an aid to further study. Finally, we assess
the variation in butterfly assemblages among these and
neighbouring islands for additional insight into the geographical affinities of these butterfly faunas.
St. Eustatius is a 21 km2 island that lies in the northeastern Caribbean between the islands of Saba (27 km
to the northwest) and St. Kitts (12 km to the east) (Fig.
1a). Other nearby islands are St. Bartholomew (42 km
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to the north) and St. Maarten (55 km to north-northeast). The island is volcanic in origin and its highest
point is Mazinga at 600 m on the crater rim of the Quill
volcano. The Quill is a dormant strato-volcano that has
not erupted in more than 1,600 years (Roobol and Smith
2004). The islands of the Lesser Antilles are typically
divided into two groups based on geological history
and elevation (Donelly 1989). These are the geologically younger volcanic inner Antillean island arc (such
as Saba, St. Eustatius, St. Kitts, and Nevis) with maximum elevations of 600 m and higher, and the older outer arc islands, composed of uplifted marine sediments
and limestone formations (St. Martin, St. Bartholomew,
Barbuda, and Antigua) with maximum elevations of
500 m or less (Ricklefs and Lovette 1999).
Rainfall in St. Eustatius averages 986 mm per year
as measured in Oranjestad, but at elevations above
400 m it likely averages more than 1,500 mm per year
(Veenenbos 1955). Rainfall is concentrated in the period August–November, which accounts for an average
of 47% of the annual rainfall. This is followed by a dry
period from roughly January–April. The island lies in
the zone of the trade winds and the predominant (80%)
wind directions are northeast, east-northeast, or east.
Hurricane conditions occur about once every five years
(Freitas et al. 2012).
Materials and Methods
Study area and sites
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St. Kitts (Helmer et al. 2008). Nevertheless, the most
sensitive elfin forest formerly found on the upper crater
rim has been lost and all semi-natural areas of the island
today remain heavily grazed by feral goats and cattle
(Debrot et al. 2015).
We conducted monthly monitoring along set transects in four areas of St. Eustatius during the months of
January–April (2009–2012). The monitoring transects
were located in four different locations: a) inside the
crater of the Quill, b) on the wind-sheltered south-western flanks of the Quill, c) the road to the Miriam C.
Schmidt Botanical Garden running along the wind-exposed northeast flanks of the Quill, and d) on the arid
north side Northern Hills (Venus Bay to Gilboa Hill)
(Fig. 1b). We here describe the vegetation of the different study areas as it was when the fieldwork was
conducted. However, vegetation was dramatically altered in September 2017 when the island was struck
by hurricane Irma, the strongest Atlantic hurricane on
record and the first hurricane of category 5 to strike the
Leeward Lesser Antilles (Cangialosi et al. 2018). Vegetation across the island was totally defoliated, large
trees were uprooted, and even inside the relatively protected Quill crater the canopy cover decreased by about
50% (Eppinga and Pucko 2018). With the loss of canopy cover, herbaceous plants in the Quill crater (and
elsewhere) can be expected to increase, while perhaps
within six to ten years the canopy will fill in again.

The four habitat transects for butterfly faunal surSt. Eustatius can be divided into three principal veys were:
landscape areas: a) the Quill volcano, b) the central,
a) Quill Crater: Vegetation inside the Quill Crater
formerly agricultural plains on which the town of
was characterized by high trees (16–20 m max
Oranjestad is situated, and 3) the northwestern hills colheights) and high total cover (82%), but low unlectively named the “Northern Hills” or “Boven.” The
derstory cover with many ferns. This area was
population of the island is about 3,250 (Central Bureau
described by Freitas et al. (2012) as “Myrcia
of Statistics, The Netherlands 2015). The total flora of
splendens-Quararibea turbinata” (respectivethe island amounts to 626 plant species (Axelrod 2017).
ly, Myrtaceae and Malpighiaceae) vegetation,
Two of these are island endemic species (Krings and
and was only found inside the Quill Crater (FreAxelrod 2013). Based on these, Freitas et al. (2012) deitas et al. 2012).
scribe 13 vegetation types for the island. Agriculture
b)
Quill Flanks: The transect on the wind-shelhas declined dramatically since the 1950s and this has
tered south-western flanks of the volcano ran
led to notable vegetation recovery, particularly in the
principally through “Pisonia-Eugenia” (reNorthern Hills and on the lower slopes of the Quill
spectively, Nyctaginaceae and Myrtaceae) and
where abandoned farmland has partially regenerated
“Coccoloba-Chionanthus” (respectively, Pointo thorny woodlands (Freitas et al. 2012). This prolygonaceae and Oleaceae) vegetation types.
cess of forest regeneration has recently been documentThe “Pisonia-Eugenia” sub-landscape was reed for other northeastern Caribbean islands, including
stricted to a limited area of the lower western
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and south-western slopes of the Quill and was
composed of only the “Pisonia subcordata-Eugenia axillaris” vegetation type (Freitas et al.
2012).
c) Lower Quill Flanks: The transect began in the
disturbed outskirts of Oranjestad, overgrown by
Antigonon leptopus and subsequently merged
into “Capparis-Pisonia” (respectively, Capparaceae and Nyctaginaceae) and “Rauvolfia-Antigonon” (respectively, Apocynaceae and Polygonaceae) landscape vegetation units, which
were concentrated on the eastern lower foot
slopes of the Quill (Freitas et al. 2012). The
vegetation first presented a heterogeneous tree
vegetation in which Capparis cynophallophora
and Pisonia subcordata were the dominant tree
species. The invasive grass Bothriochloa pertusa was common within this area, as was the
invasive vine Antigonon leptopus (Freitas et al.
2012).
d) Northern Hills: Vegetation in this transect consisted predominantly of low trees and shrubs,
alternated by shrubs and grasses on the more
rocky parts. Freitas et al. (2012) described the
principal vegetation units here as “Pisonia-Justicia” (respectively, Nyctaginaceae and Acanthaceae) and “Pisonia-Bothriochloa” (respectively, Nyctaginaceae and Poaceae) hills.
Visual transect surveys
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scored. All butterflies observed to approximately five
metres on either side of the observer were counted and
identified to family, genus, and species level where
possible. A total of 13 conspicuous species were reliably distinguished to species level in the field without
collecting. Other butterflies, not identified reliably to
species level, were grouped at genus or family level for
comparison, or were scored as undetermined butterflies.
Aside from the butterflies recorded in the monitoring
surveys, we recorded butterflies seen elsewhere so as to
provide an as complete as possible inventory of the butterfly fauna of the island for inter-island comparison.
In addition, we compiled and reviewed literature
records for nine nearby surrounding islands including
Saba and St. Martin (comprising the combined French
St. Martin and the Dutch St. Maarten island sections,
jointly referred to as the island St. Martin). We augmented this information with our own collections
amounting to 25 species collected on one or more of the
three Dutch islands during a field biological inventory
in 1996 (Rojer 1997a, 1997b, 1997c), as well as additional collecting and observing performed by A. Debrot
in April and November of 2012 and March of 2013. All
specimens collected are deposited with the McGuire
Center for Lepidoptera and Biodiversity, University
of Florida, Gainesville. As larval host plant presence
is a minimum requirement to support a breeding island
population, we reviewed the literature to compile a list
of known larval host plant species presence for the butterflies of the Dutch islands.

We conducted a total of 46 butterfly transect surveys (Pollard 1977). Twelve each in the Quill Crater, Analysis
the south-western Quill Flanks, and the northern LowWe tested for uniformity in habitat distribution in
er Quill Flanks, and ten in the Northern Hills (Table butterfly fauna in terms of different taxonomic groups
1). With minor exceptions, surveys took place during using a Chi-square Goodness-of-Fit test on total counts
morning hours between 7:30 and 11:30 am and typi- of butterflies of the different groups for the different
cally lasted 1–1.5 hours. For convenience, total tran- habitats. We used the following taxonomic groups for
sect lengths were subdivided into 10–16 subsections of habitat comparisons: Pieridae, Lycaenidae, Hesperiiapproximately 200 m for which data were separately dae, Heliconiinae, and Charaxinae, the latter two being
Table 1. Diversity indices per sample location on St. Eustatius.
Sampling area Transect
Elevation
# species (S) # samples (n)
Pielou J'
Shannon H'
length (m)
ASL (m)
(evenness)
Quill Flanks
1689
150–460
16
44
0.9632
2.671
Quill Crater
674
440–460
12
32
0.9329
2.318
Lower Quill
3915
50–150
19
71
0.9601
2.827
Flanks
Northern Hills
1655
50–150
15
60
0.9588
2.597
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subfamilies of the family Nymphalidae. Papillionidae
and Danaiinae were not included in the analysis as the
counts for this group were too low to allow meaningful
comparisons. Due to imprecise and inconsistent length
and width estimation of transect subsections, we limited our analysis to relative butterfly density comparisons. Diversity was assessed with rarefied species richness, Pielou’s J (an evenness index), and Shannon’s H
diversity index. The data matrix of species abundance
per location was log10 (x +1) transformed. The use of
multiple diversity measures is advocated in order to
grasp the multiple aspects of biodiversity; each index
describes a different aspect of community diversity
(Purvis and Hector 2000; Gotelli and Colwell 2001).
All further analyses used only presence-absence data
to calculate resemblances per island in the Caribbean.
Subsequently a dendrogram was created based on hierarchical agglomerative clustering of species assemblages on the islands to represent their relationships to
one another and to other nearby islands. All analyses
were performed using the statistical software PRIMER
version 6.1.6 (Clarke and Gorley 2006). According to
Muller-Dumbois and Ellenberg (1974) and Chao et al.
(2006, 2008), communities having less than 65% similarity are regarded as dissimilar. We used this as the
criteria by which to distinguish faunal clusters among
the Dutch islands and the neighbouring Lesser Antilles.
Results
We recorded a total of 8,696 individual butterflies
during the course of the St. Eustatius transect surveys,
of which only 177 were not reliably identified. Pieridae
were the most numerically abundant family of butterflies (48%), followed by Lycaenidae (26%), Hesperiidae (12%), and smaller numbers of both Heliconiinae
(6%) and Charaxinae (5%). Species richness and diversity were highest on the Lower Quill Flanks transect
that had a highly heterogeneous vegetation, whereas
they were lowest in the semi-enclosed Quill Crater (Table 1). Differences in relative familial representation of
butterflies in the four different habitats (Fig. 2) were
consistent year to year and represent significant habitat
differences in faunal composition between the different areas (χ2 = 224.88, df = 15, p < 0.001). The Quill
Crater showed a notably higher representation of both
Charaxinae and Heliconiinae than the drier and windier habitats of the Northern Hills and the Lower Quill
Flanks transect. However, the contrast between habitats
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was much stronger for Heliconiinae than for Charaxinae (Fig. 2). Hence, Heliconiinae seemed much more
strongly affected by habitat differences than Charaxinae. Lycaenidae were notably absent inside the Quill
Crater while Hesperiidae were more or less equally distributed in all four contrasting habitats. Pieridae were
also well-represented in all habitats but tended to be
more abundant in the lower, drier and windier habitats
of the Northern Hills and the northeast coastal Lower Quill Flanks transect. All families except Hesperiidae showed significant habitat differences in density
(Charaxinae: χ2 = 13.00; Heliconiinae; χ2 = 110.61;
Lycaenidae; χ2 = 60.00; Pieridae: χ2 = 26.88; Undetermined: χ2 = 21.94; df = 3, all p-values < 0.001).
The distribution of individual species that could be
reliably identified and which were more than sporadically seen (on more than five occasions or ten individuals counted) were compared and contrasted, excluding
locally-rare species such as Anartia jatrophae, Danaus
plexippus, and Dryas iulia (Fig. 3). Anaea minor was
most strongly associated with the Quill, while densities
in the Northern Hills and in the still and humid Quill
Crater were 75% or more lower. Junonia zonalis was
a species strongly associated with The Northern Hills
area. While both Biblis hyperia and Heliconius charitonia were especially concentrated in the most wind-sheltered areas of the Quill. Agraulis vanillae represented a
relatively small but consistent component of the butterflies in all four habitats, hence it was widely distributed.
Hemiargus spp. (probably mostly Hemiargus hanno)
was relatively abundant in all areas except inside the
Quill Crater. Phoebis sennae was the only large pierid
that was reliably identified, and it too was a common
component of the butterfly fauna in all four areas. Urbanus spp. (U. proteus and U. obscurus) were present
in low numbers in all areas of the island. Pyrgus oileus, a hesperid typically associated with disturbed habitat, was all but absent inside the Quill Crater. Leptotes
cassius was observed on five different dates in small
numbers but not in the wind-sheltered habitats of the
Quill. Polygonus leo (Hesperiidae) was most commonly found inside the Quill Crater.
The seven new species records for St. Eustatius reported here for the first time are Dryas iulia, Anaea minor, Marpesia petreus, Hypolimnus missipus, Anartia
jatrophae, Vanessa cardui, and Papilio demoleus. Of
these, only D. iulia, Anaea minor, and Anartia jatro-
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phae were documented during our transect sampling.
Dryas iulia was observed only once on the north coast
Lower Quill Flanks transect during the whole study
(March 28, 2011). It is not a common species on St.
Eustatius. The species has been documented before for
Saba, but is also uncommon there (A. Debrot, personal
observation). In contrast, Anaea minor was moderately
abundant, having been observed numerous times in all
four transect areas but almost 80% of sightings were
on the north coast Lowe Quill Flanks transect. Anartia
jatrophae was a rare species in the transects. It was only
detected on three occasions (once in March 2011 and
twice in January 2012), all on the northeast side of the
Quill. However, in disturbed areas around Oranjestad
the species was common (A. Debrot, personal observation). This species was also documented for Saba as a
new record by Michiel Boeken on December 6, 2011.
Anartia jatrophae is a species typical for disturbed habitat and most often found in cleared areas where it seeks
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out water puddles.
Marpesia petreus, H. missipus, V. cardui, and P.
demoleus were recorded exclusively outside the sampled transects but do form part of the present fauna
of the island. Marpesia petreus was first noted inside
the Quill Crater in December 2010 and has since been
regularly present. This species has been previously reported for Saba but may be a recent addition to the St.
Eustatius fauna. Hypolimnus missipus occurred primarily in the Northern Hills and was most often seen on
Gilboa and Signal Hill (H. Madden and A. Debrot, personal observation). The males are easier to spot than the
females, though a female was also seen once on Gilboa
Hill.
Papilio demoleus is a recently introduced exotic
species, now fully established in Jamaica (Eastwood et
al. 2006). It was only found in the Lower Town area of
the St. Eustatius port, with larvae on the limeberry, Triphasia trifolia (Rutaceae), but has since been spread-

Fig. 2. Butterfly faunal composition in four contrasting habitats of St. Eustatius. Total butterfly counts: Quill Crater
(N=468), Quill Flanks (N=496), Lower Quill Flanks (N=3,469), Northern Hills (N=2,463).
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ing into Oranjestad (H. Madden, personal observation).
This plant of tropical southeast Asia has been introduced in tropical regions around the world for its edible
berries. Papilio demoleus is relatively new to the Caribbean but is gradually spreading. It is a known pest of
citrus crops. The species may have come to the region
along with imported crop plants (Eastwood et al. 2006).
Danaus plexippus was found only in the developed
areas of St. Eustatius. It was not documented during
the monitoring surveys but was common in and around
Oranjestad (A. Debrot, personal observation) where its
host plant Calotropis (Asclepiadaceae) was common.
Anaea minor was a species notably most strongly associated with the Quill. Densities in the Northern Hills
and in the still and humid Quill Crater were a factor of
four or more lower. Both Biblis hyperia and Heliconius
charitonia were especially concentrated in the most
wind-sheltered areas of the Quill, while Polygonus leo
was particularly abundant inside the Quill Crater. Final-
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ly, several butterflies appeared to be largely restricted
to microhabitats. The most notable among these were
Biblis hyperia, H. charitonius, and P. leo, which were
almost only found in a small area of the island in and
around the Quill Crater.
The butterfly species lists for St. Eustatius, Saba,
and St. Maarten now amount to 32, 29, and 36 species
respectively (Appendix 1). While a few species names
have been updated since Rojer’s biological inventory
for the Dutch windward islands (Rojer 1997a, 1997b,
1997c), the specimen reported for Saba as Chlorostrymon simaethis has since been re-identified as C. maesites (J.Y. Miller, personal communication). The total
number of species documented for the three Dutch islands combined is 44. In this we excluded the single
non-native records provided by Yokoyama (2013) for
Kallima paralekta (likely escaped from a commercial
butterfly attraction) and Papilio polyxenes (likely a vagrant record). In Appendix 2 we compiled the known

Fig. 3. Relative abundance of ten different butterfly species in relation to the total fauna of each of the four different
habitat areas of St. Eustatius.
Downloaded From: https://bioone.org/journals/Caribbean-Journal-of-Science on 21 Feb 2020
Terms of Use: https://bioone.org/terms-of-use Access provided by Universidad de Puerto Rico, Mayaguez

98 					

Caribbean Journal of Science 				

[Volume 50

Fig. 4. Cluster analysis showing faunal relatedness based on the Sørensen Similarity Index among butterfly assemblages of St. Eustatius and nine surrounding islands of the Lesser Antilles. The black bar at bottom of the figure distinguishes
the younger inner-arc volcanic islands from the older outer-arc islands.

food plant species for all butterflies based on a literature survey. The compilation shows that for only two
species was it not possible to confirm the presence of
one or more larval host plant species needed for local
reproduction. These were the small butterfly species
Electrostrymon angerona (Lycaenidae) and Choranthus vitellius (Hesperiidae).
The butterfly faunas of Saba, St. Eustatius, and St.
Martin show a species similarity of >70% and form part
of one faunal cluster stretching from St. Martin south
to Saba, along the young volcanic inner-arc islands to
Montserrat and up to and including Antigua (Fig. 4).
The fauna of the three lowest islands of the outer island arc; Anguilla, St. Bartholomew, and Barbuda cluster separately (Fig. 4). Hence, two distinct clusters of
species assemblages were found (Fig. 4). The Dutch
islands lie in the same cluster and their butterfly faunas can be considered to be slightly different subsets of
the same fauna. The fauna of the three lower surrounding islands differed notably from the higher islands in
having much lower total species richness, particularly
among the Heliconiinae and Charaxinae (Appendix 1).
This pattern towards loss of these two groups in areas of
lower elevation (and lower climatic microhabitat diversity) was also witnessed at the single-island level when
comparing faunal distribution patterns on the island of
St. Eustatius (Fig. 2). Hence, our results regarding differences in faunal composition were consistent at the
within-island and between-island geographic scales.

Discussion
The distribution of butterfly abundance by taxonomic group on St. Eustatius differed significantly between the four transect areas in accordance with known
general familial characteristics. Pieridae were the most
abundant family of butterflies on St. Eustatius, amounting to almost half of all butterflies detected, and were
well-represented in all habitats. This family is characterized by many large, strong and fast-flying species,
and can often even be encountered far offshore. Lycaenidae were the next most abundant group. By and
large they are small butterflies, adapted to surviving
in dry and resource-limited habitats and often display
ephemeral occurrence. They were commonly encountered in all habitats except the Quill Crater where they
were rare. Heliconiinae include many species that are
forest dwellers and weak fliers, and on St. Eustatius they were notably more abundant in the sheltered
vegetated habitats of the south-west Quill Flanks and
Quill Crater. Charaxinae are a mixed group of medium to large butterflies that generally are less powerful
fliers than Pieridae but stronger fliers than Heliconiinae. They appeared somewhat more common in moist,
sheltered vegetated habitats than the drier, more open
and windswept habitats but were much less restricted
to such habitat. Hesperiidae appeared able to relatively uniformly exploit the available habitats and seemed
equally represented in different habitats.
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The island occurrence of particular butterfly species depends on many factors including distance from
a potential colonizing source and wind direction, species-specific dispersal characteristics, such as flight
velocity and endurance, island size, and habitat availability (Ricklefs and Lovette 1999). Habitat availability
might especially be defined in terms of the presence or
absence of suitable larval host plants, which in turn are
tied to geology, topography, and past land-use. These
all combine to determine the presence or absence of
suitable larval host plants, which is the resulting key
determinant of local possibilities for reproduction of
the island butterfly fauna. For (at least) 42 species, larval host plants were established as being present in the
Dutch islands. Hence, breeding was clearly possible for
the majority of species and may help explain their local
occurrence as likely resident breeding butterflies.
The total butterfly fauna for Saba, St. Eustatius,
and St. Martin of 44 species compares to a total of 61
species for all surrounding Leeward Islands combined
(Fontenla 2003). Of the latter, four are endemic species, nine are endemic subspecies, and one is an endemic genus (Fontenla 2003). Three of the four Lesser
Antillean endemics are represented in the three Dutch
Caribbean islands. These are Electrostrymon angerona
(Lycaenidae), Wallengrenia ophites, and Urbanus obscurus (both Hesperiidae).
Scott (1972) points out that the Lesser Antilles are
an important filter-route for dispersal of continental
species into the Greater Antilles. They form an important barrier to weak-flying species such as Ithomiinae,
Satyrinae, and Riodininae. According to Scott (1972)
no major faunistic distinction is warranted between the
windward and leeward Lesser Antilles. However, most
insights have so far been based on variable and largely
very limited collecting effort. Our study shows that significant faunal differences do exist between island clusters of the northern Lesser Antilles. The butterfly faunas of the Dutch islands form part of the same cluster
together with Antigua, Montserrat, Nevis, and St. Kitts,
straddling island arcs as well as island banks. However,
Anguilla, St. Bartholomew, and Barbuda all lie on the
same bank (Anguilla Bank) of the older, outer island
arc (Bouysse et al. 1990), and form a separate faunal
species cluster.
As explained above, all else being equal, larger islands should be expected to harbor a greater diversity
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of butterfly species than smaller islands. Nevertheless,
notwithstanding their much larger size, the islands of
St. Maarten and Antigua have total butterfly species
numbers (36 and 31 species, respectively) comparable
to St. Eustatius (32) and Saba (29). The contrasts in
geology, elevation, and human population density between these islands all probably contribute to the otherwise unexpectedly lower number of species on the two
much larger islands. St. Eustatius and Saba also have a
large combined butterfly fauna (37 species) compared
to their otherwise much larger neighboring islands of
St. Kitts (45 species) and Nevis (31 species). In this
case, it may be that the more extensive development
of the agricultural sector on the latter islands, as accompanied by deforestation and the use of insecticides,
likely also plays a role in reducing butterfly diversity.
David and Lucas (2017) point to evidence indicating
such effects in their discussion of the butterflies of Martinique (2017). For all but two small species of butterfly, the presence of larval host plant species needed for
local reproduction could be confirmed for the Dutch
windward islands. For these species, local breeding
must clearly be possible and could support their local
occurrence as resident butterflies of these islands. As
butterflies do disperse over sea between islands, it is
not absolutely necessary that all species present on a
particular island also are locally breeding resident species. However, this is especially true of larger species
with strong flying capabilities and not so much for the
two small species for which we could not confirm the
presence of larval host plants.
In their analysis of key factors potentially structuring island butterfly communities, Ricklefs and Lovette
(1999) identified two spatial factors as being of high
importance, namely habitat selection and dispersal capability. Ricklefs and Lovette (1999) further concluded
that Lesser Antillean butterfly faunas were only weakly
correlated with island size, but strongly correlated with
habitat diversity. The latter was most strongly dependent on differences in highest island elevation, which
in turn differs greatly between inner outer arc islands.
Our results support the idea that butterfly faunas cluster according to differences in elevation as both of the
two highest outer-arc islands (St. Martin and Antigua)
clustered together with the high inner -arc islands. The
butterfly fauna of the islands in question are dominated by Pieridae, Lycaenidae, and Hesperiidae, which are
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also all food plant specialists (Riley 1975).
Finally, as pointed out by others, the Caribbean
presents a unique workshop for the study of island evolution, not only for butterflies (Fontenla 2003) but also
other taxa (e.g. Stephen et al. 2013; Brace et al. 2015).
Our study demonstrates the presence of distinct butterfly faunal clusters in the northern Lesser Antilles. These
clusters are probably the result of a complex interplay
between geology, island size, maximum elevation, history, wind direction and human habitat alteration and
fragmentation. Our study does not answer which exact
combination of these factors resulted in the faunal differences or in the observed distribution of faunal clusters. However, the influence of maximum elevation, as
previously suggested by Rickleffs and Lovette (1999),
appears to be a key factor considering that the differences in faunal composition between areas differing in
elevation were consistent at both within-island and between-island geographic scales.
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Lycaenidae

Euptoieta claudia

x
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x

x

x

x

x

x
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1156

St. Kitts
174

x

x
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x
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x

x

x

x

x
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Nevis
93

Vanessa cardui*

x

x

x
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x

x

x

x

914

M'serrat
102

x

x

x

x

287

St. Barts
35

x
x

x

x

x

x

38

Barbuda
160

Antillea pelops

x

x

x

73

Anguilla
91

x

x

x

x

x

x

x

x

402

Antigua
281

Siproeta stelenes

Biblis hyperia

Anartia amathea

x

x
x

x

x

Junonia zonalis

x

Anartia jatrophae**

x

Hypolimnus misippus*

x

x

x

414

St. Martin
87

x

x

Marpesia petreus*

x

x

x

x

887

Saba
13

Junonia neildi

x

Anaea troglodyta minor*

Charaxinae

x

x

602

Dryas iulia warneri*

Heliconiinae

Danaus plexippus

Danainae

Max. elevation (m)

Size (km2)

St. Eustatius
21

Appendix 1. Current species lists for St. Eustatius, Saba, St. Martin, and seven other surrounding islands in the northeastern Lesser Antilles. References:
1. Schwarts et al. 1987; 2. Smith et al. 1994; 3. Rojer 1997a, 1997b, 1997c; 4. Stenapa monitoring; 5. Yokoyama 2013; 6. FONT 2018; 7. M. Boeken, photograph. ** New record for St. Eustatius and Saba; * New record for St. Eustatius.
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Hemiargus hanno watsoni
Cyclargus thomasi woodruffi
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Leptotes cassius

x

x

x

Electrostrymon angerona

x

Saba
x

x
x

x

Strymon bubastus ponce

Pieridae
Glutophyrissa drusilla boydi
Ascia monuste virginia
Pyristia albula
Pyristia daira
Pyristia elathea
Pyristia lisa
Pyristia leuce
Pyristia venusta
Anteos maerula
Phoebis agarithe
Phoebis sennae
Rhabdodyras trite

x

Strymon columella

Strymon a. acis
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x
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Ephyriades zephodes
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Pyrgus oileus
Hylephila phyleus
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Appendix 2. Confirmed presence of butterfly larval host plants (Broome et al. 2007; Mori et al. 2007; Robinson et al.
2010, Van der Burg et al. 2011; David and Thiebaut 2012; Freitas et al. 2012, 2016; Axelrod 2017; F. Axelrod pers. comm.)
on each of the three windward Dutch islands of Saba1, St. Eustatius2, and St. Maarten3 for the 44 documented butterfly species is indicated by superscript numbers corresponding to each of the islands. For plants all occurring on the same islands,
the detailed island occurrence is indicated by superscript numbers only behind the name of the last plant on the list.
Butterfly
Larval host plant
Danainae
Danaus plexippus1, 2, 3
Asclepias curassavica; Calotropis procera1, 2, 3
Heliconiinae
Agraulis vanillae1, 2, 3
Dryas iulia1, 2
Heliconius charitonius1, 2

Passiflora edulis; P. foetida; P. laurifolia; P. suberosa1, 2, 3
Passiflora foetida; P. suberosa1, 2, 3
Passiflora rubra; P. suberosa1, 2, 3

Charaxinae
Anaea minor2
Anartia jatrophae1, 2
Biblis hyperia1, 2
Hypolimnus missipus2
Junionia neildi3
Junonia zonalis1, 2, 3
Marpesia petreus1, 2
Vanessa cardui2

Croton spp.1, 2, 3
Blechum pyramidatum; Jatropha spp.; Ruellia sp.1, 2, 3
Tragia volubilis1, 2, 3
Portulaca oleracea1, 2, 3
Avicennia germinans3
Ruellia tuberosa; Stachytarpheta jamaicensis1, 2, 3
Anacardium occidentale; Ficus citrifolia1, 2, 3
Lablab purpureus2; Oriza sativa2; Ricinus communis1, 2, 3

Lycaenidae
Cyclargus thomasi2, 3
Chlorostrymon maesites1
Chlorostrymon simaethis3
Electrostrymon angerona1, 2, 3
Hemiargus hanno1, 2, 3

Strymon bubastus1, 2, 3

Caesalpinia sp.; Pithecellobium sp.1, 2, 3
Albizzia lebbeck1, 2, 3
Cardiospermum halicacabum1, 2, 3
Abrus precatorius1, 2, 3; Crotalaria sp.1, 2, 3; Desmanthus virgatus1, 2, 3; Indigofera
tinctoria2, 3; Macroptilium lathyroïdes2; Mimosa pudica1, 2, 3
Cajanus cajan2; Crotalaria incana1, 2; Gliricidia sepium2; Plumbago sp.1, 2
Leucaena leucocephala1, 2, 3
Croton flavens; Croton spp.1, 2, 3
Abutilon sp.2, Hibiscus sp.1, Melochia tomentosa1, 2, 3; Sida sp.1, 2; Suriana maritima2, 3
Malvastrum coromandelianum1, 2, 3; Suriana maritima2, 3; Waltheria indica1, 2, 3

Papilionidae
Battus polydamas3
Papilio demoleus2, 3

Psidium guajava1, 2, 3
Triphasia trifolia1, 2, 3

Leptotes cassius1, 2, 3
Ministrymon azia3
Strymon acis1, 2, 3
Strymon collumella2, 3
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Butterfly
Pieridae
Glutophyrissa drusilla1, 3
Ascia monuste1, 2, 3
Pyristia elathea2, 3
Pyristia lisa1, 2, 3
Pyristia leuce3
Phoebis sennae1, 2, 3
Rhabdodryas trite1
Hesperidae
Calpodes ethlius1
Epargyreus zestos1, 3
Ephyriades arcas1, 2, 3
Hylephyla phyleus1, 2, 3
Panoquina panoquinoides3
Panoquina lucas1, 2, 3
Polygonus leo1, 2, 3
Polygonus punctus2, 3
Pyrgus oileus1, 2, 3
Urbanus obscurus1, 2, 3
Urbanus proteus1, 2, 3
Wallengrenia ophites1, 2, 3
Choranthus vitellius3
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Larval host plant
Arivela viscosa; Cleome sp.; Cynophalla flexuosa1, 2, 3
Arivela viscosa; Cakile lanceolata; Cynophalla flexuosa; Gynandropsis
gynandra; Morisonia americana1, 2, 3
Mimosa pudica; Stylosanthes hamata1, 2, 3
Desmanthus pernambucanus2, 3; Mimosa pudica1, 2; Senna spp.1, 2, 3
Picramnia pentandra1, 3
Chamaecrista nictitans2; Desmodium incanum1, 2, 3; Senna spp.1, 2, 3
Inga laurina1, 2, 3

Canna indica1, 2, 3
Galactia striata2
Ceiba pentandra; Stygmaphyllon emarginatum2, 3
Cynodon dactylon1, 2, 3; Paspalum spp.2, 3; Panicum spp.2,3; Saccharum
officinarum1, 2, 3
Cynodon dactylon1, 2, 3; Mimosa pudica2, 3; Saccharum officinarum1, 2, 3;
Sporobolus virginicus1, 2, 3
Saccharum officinarum1, 2, 3; Sorghum halapense1, 3
Piscidia carthagenensis1, 2; Lonchocarpus spp.1
Lonchocarpus punctatus2
Abutilon sp.2; Malvastrum sp.1, 2, 3; Sida acuta1, 2, 3
Centrosema virginianum; Desmodium triflorum; Hyptis pectinata1, 2, 3
Centrosema virginianum1, 2, 3; Desmodium incanum1, 2, 3; Desmodium triflorum1,2,3;
Macroptilium lathyroïdes2; Vigna luteola1, 2
Oplismenus hirtellus2; Paspalum sp.1, 2, 3; Saccharum officinarum1, 2, 3
-
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