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Abstract

Sint Eustatius (Statia) is a 21 km?island situated in the northeastern Caribbean Sea. The most recent pub-
lished sources of information on that island’s marine fish fauna is in two non-governmental organization
reports from 2015-17 related to the formation of a marine reserve. The species-list in the 2017 report was
based on field research in 201315 using SCUBA diving surveys, shallow “baited underwater video sur-
veys” (BRUVS), and data from fishery surveys and scientific collections over the preceding century. That
checklist comprised 304 species of shallow (mostly) and deep-water fishes. In 2017 the Smithsonian Deep
Reef Observation Project surveyed deep-reef fishes at Statia using the crewed submersible Curasub. That
effort recorded 120 species, including 59 new occurrences records. In March-May 2020, two experienced
citizen scientists completed 62 SCUBA dives there and recorded 244 shallow species, 40 of them new
records for Statia. The 2017-2020 research effort increased the number of species known from the island
by 33.6% to 406. Here we present an updated catalog of that marine fish fauna, including voucher pho-
tographs of 280 species recorded there in 2017 and 2020. The Statia reef-fish fauna likely is incompletely
documented as it has few small, shallow, cryptobenthic species, which are a major component of the
regional fauna. A lack of targeted sampling is probably the major factor explaining that deficit, although
a limited range of benthic marine habitats may also be contributing.
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Introduction

Sint Eustatius island, known locally as Statia, is a 21 km? island in the northeastern
Caribbean, and is one of the Leeward Islands in the Lesser Antilles. Until recently
there were very few published accounts relating to the marine-fish fauna of Statia.
The most comprehensive are represented by two non-governmental organization
(NGO) environmental reports to the Statia government by van Kuijk et al. (2015)
and Davies and Piontek (2016, 2017). Those two reports referred to only one older
scientific publication, by Metzelaar (1919), relating to the fish fauna of that island,
among other islands of the Dutch Caribbean. Davies and Piontek (2017) combined
their own results from visual surveys with information from BRUV (Baited Remote
Underwater Video) surveys by van Kuijk et al. (2015), and a variety of historical
scientific collections and fisheries surveys to produce a general list of 307 species
(modified to 304, see below), which included both deep- and shallow-water species.
In this paper we use the results of deep-reef research using a crewed submersible in
2017 and shallow SCUBA surveys in 2020 to add to the checklist of the island’s ma-
rine fish fauna. We also include voucher photographs of most of the species observed
and collected during those two surveys. In addition to representing vouchers for the
species records, the photographs are intended for use by managers, citizen scientists,
recreational divers and fishers who want to identify fishes they see and catch at Statia.
Hopefully they will also stimulate future documentation of previously unreported
species there. Finally, we compare aspects of the ecological structure of the Statia
fauna to that of the regional, Greater Caribbean fauna to assess how complete the
faunal inventory is for Statia.

Materials and methods

Study area

As one of the Dutch Caribbean islands, Statia sits among Saba, Sint Marten and St Kitts
and Nevis (Figure 1) and shares a 200-m insular shelf with the last two islands (Suppl.
material 1: Figure S1). Statia is surrounded by a narrow 200-m shelf, which is most
extensive on the leeward, western side (Figure 2). The island has a limited diversity of
marine habitats. It lacks large, deep embayments, particularly on the western side, that
would otherwise provide sheltered locations for development of fringing and back-reef
areas. Statia has little well-developed coral reef and most reef areas are of relatively low
relief. Due to the general degree of exposure of the entire island to ocean swells it lacks
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Figure |. Location of Sint Eustatius. The Caribbean Sea, with the location of Sint Eustatius island indi-
cated in the inset. Source: Hoetjes and Carpenter (2010: fig. 1).
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Figure 2. Study sites at Sint Eustatius Island. Location of dive sites during 2017 and 2020: Black stars
indicate submersible dives, blue stars 2017 SCUBA dives, red stars 2020 SCUBA dives (some individual
stars indicate multiple dives in very close proximity), purple star an intertidal snorkeling site, and the red
outline shows limits of the shore-diving area in 2020. See Suppl. material 2: Table S1 for georeferenced
date on dive sites. Generalized 20 m, 30 m, 200 m and 500 m isobaths in blue; other lines indicate marine
and terrestrial reserve areas. (Base map from Statiaparks, openstreemap.org, CC-BY-SA 2.0 with bathym-
etry data corrected from CARMABI/WWEF/E.Imms (https://www.dcbd.nl/document/bathymetry-map-
seas-surrounding-st-eustatius-saba-and-st-maarten, accessed 10 July 2020)
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any mangroves and has little in the way of seagrass beds, which are now dominated by
a non-native species of Halodule (van Kuijk et al. 2015; Hoeksema 2016).

The Caribbean Sea, with the location of Sint Eustatius island indicated in the inset.
Source: Hoetjes and Carpenter (2010: fig. 1).

Data sources

Published species lists

A comprehensive set of species records came from two NGO studies, which were in-
cluded in a report by Hoeksema (2016). van Kuijk et al. (2015) recorded 107 species
during “baited underwater video surveys” (BRUVs) at 104 sites in shallow water (<30
m deep) scattered around all sides of the island in 2013. Davies and Piontek (2016,
2017) recorded 206 species during 38 of their own shallow, roving-diver surveys in
2015, and augmented that list with a list of species they extracted from historical lit-
erature, museum records (from major online aggregators, see below), photographs of
fishes caught at the island that they obtained from various sources, and fisheries sur-
veys. They added the species recorded by van Kuijk et al. (2015) to those they had seen
and extracted from other sources to produce a combined list of 307 species.

Research in 2017 and 2020

In 2017 the Smithsonian Institution’s Deep Reef Observation Project (DROP) worked
with the crewed submersible Curasub to make collections and observations on deep-reef
fishes at Statia, to complement similar prior work at the Antillean islands of Dominica
and Curagao (e.g., Baldwin et al. 2018). The submersible was launched close to shore
from the tender vessel R/V Chapman and towed by a surface boat to locations along
the outer reef slope off the southwest coast where the shallow reef flat transitioned to
the slope (- 40—50 m). Eleven submersible dives were made off the southwestern edge
of the island’s 200 m platform (see Figure 2, and Suppl. material 2: Table S1). Each
dive lasted approximately five hours and reached a maximum depth of 143-305 m, de-
pending on the habitat at that particular site. Submersible surveys follow the methods
used by Baldwin et al. (2018). Dives were roving surveys with the submersible facing
the reef and moving laterally while slowly descending the slope. Periodically, stops were
made to collect specimens using an anesthetic (quinaldine in ethanol) ejection system
attached to the sub’s manipulator arms, coupled with a suction pump attached to one
arm that emptied into a holding chamber. On five of the eleven dives visual records of
fishes were obtained by CB and LT, who were seated in the front of the submersible
and linked their sightings of identifiable fishes to depth measurements recorded from a
digital depth gauge inside the submersible. High-definition video was also recorded on
five dives from a camera mounted on the front of the sub. Five scuba-based collection
dives to a maximum depth of 20 m were also made by LT and CB, who were targeting
sponge-associated gobies. A total of 210 specimens was collected, and 6475 individu-
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als were recorded from visual observations during the SCUBA and submersible dives
by DROP. Some of those specimens represent undescribed species or belong to groups
with uncertain taxonomy.

Two of the authors, CJE and AME, are citizen scientists with extensive experience
photographing reef fishes at various sites in the Greater Caribbean. In 2020 they spent
two months (mid-March to mid-May) living at Statia and SCUBA diving daily to
obtain photographic vouchers of the fishes they observed. They made 62 dives, each
of approximately one-hour duration, at depths between 1-30 m on both hard-reef,
sand, rubble and seagrass habitats, as well as on sunken wrecked ships. Half of those
dives were nearshore in a restricted area, as, during the second half of their stay at the
island, they lacked dive-boat support and were able to dive only from the shoreline (see
Figure 2, and Suppl. material 2: Table S1). During those dives CJE and AME accu-
mulated photographs of the great majority of fish species they saw. They also obtained
recent photographs of a few species taken by local divers and fishers at Statia that they
did not see or photograph themselves.

Online aggregators

In addition, we also assessed information provided by three major aggregators of on-
line georeferenced location data on marine fishes (GBIF https://www.gbif.org/, OBIS
https://obis.org/, and FishNet2 http://www.fishnet2.net/search.aspx, all accessed on
7 May 2020), searching for records in ~ 120-km?* quadrat based on Admiralty Chart
487G that encompassed Statia and the surrounding shelf area: the area bounded by
17.433°N to 17.533°N and — 62.933°W to — 63.033°W. That quadrat contained al-
most 100 km?” of marine habitat. That area is a little larger than and centered on the
area shown in Figure 2. Those sites regularly update the information they contain and
might have had additional records to those found by Davies and Piontek (2017).
Location of dive sites during 2017 and 2020: Black stars indicate submersible dives,
blue stars 2017 SCUBA dives, red stars 2020 SCUBA dives (some individual stars in-
dicate multiple dives in very close proximity), purple star an intertidal snorkeling site,
and the red outline shows limits of the shore-diving area in 2020. See Suppl. material
2: Table S1 for georeferenced date on dive sites. Generalized 20 m, 30 m, 200 m and
500 m isobaths in blue; other lines indicate marine and terrestrial reserve areas. (Base
map from Statiaparks, openstreemap.org, CC-BY-SA 2.0 with bathymetry data cor-
rected from CARMABI/WWE/E.Imms (https://www.dcbd.nl/document/bathymetry-
map-seas-surrounding-st-eustatius-saba-and-st-maarten, accessed 10 July 2020)

The structure of the Statia reef-fish fauna

Zoogeography

Members of the entire Statia fauna as currently known (Table 1; hereafter Statia20) were
assessed in terms of their global and local geographical ranges, as follows: (a) Endemism
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—we noted whether each is a Greater Caribbean endemic, or is distributed more widely
in the tropical western Atlantic (i.e., to the north and south of the Greater Caribbean,
or on both sides of the Atlantic, or in the Indo-Pacific as well as the Atlantic). (b) Geo-
graphical range size — we noted which species have small geographical ranges within the
Greater Caribbean, which we defined as ranges that span no more than one third of the
area of that region (based on maps of their ranges in Robertson and Van Tassell 2019).

Ecological structure

The research during 2017-2020 was aimed at documenting the reef-associated bony
fishes of Statia. For analyses of the structure of the Statia20 fauna we assigned those
species to the following ecological groups (following Robertson and Tornabene 2020):
Reef-associated fishes include demersal and benthic species that use hard substrata
(coral- and rock reefs), and soft bottoms (sand, gravel, mud, seagrass and macroal-
gal beds growing on sediment, estuaries and mangroves) immediately adjacent to or
within the matrices of reefs. Benthic species are restricted to living on and in the bot-
tom, while demersal species use both the bottom and the near-bottom water column.
Cryptobenthic fishes are visually and/or behaviorally cryptic due to their form and
coloration, and to their maintaining a close association with the benthos, directly on
or within it. Small size (here maximum total length (TL) <10 cm) also is thought to
be important for crypsis among such species. Core families of cryptobenthic reef fishes
(Core CRFs) (see Brandl et al. 2018, 2019) found in the western Atlantic include the
Apogonidae, Blenniidae, Bythitidae, Callionymidae, Chaenopsidae, Dactyloscopidae,
Gobiesocidae, Gobiidae, Grammatidae, Labrisomidae, Opistognathidae, Syngnathi-
dae, Tripterygiidae. To these families we added the Dinematichthyidae, which was
split from the Bythitidae by Moller et al. (2016) shortly before Brandl et al. (2018)
assembled their list of Core CRF families, and contains many shallow, reef-associated
species. Species in the list are divided into two depth classes, based on their depth
ranges: shallow species are those commonly found above 40 m depth, and deep species
are those entirely or largely restricted to depths below 40 m.

In the Greater Caribbean region reef-associated bony fishes comprise ~ 900 species
from 304 genera in 76 families (Robertson and Tornabene 2020). Reef-fish faunas of
deep reefs down to ~ 250 m are dominated by the same set of families that are com-
mon on shallow reefs (Baldwin et al. 2018). At the regional level -~ 95% of those reef-
associated species are non-pelagic, demersal and benthic forms, which were the focus
of the 20172020 research at Statia. The relative abundance of the different ecological
groups in the Statia20 fauna was compared to: (a) that of the regional fauna to assess
similarities and differences; (b) that of the Statia fauna of Davies and Piontek (2017)
(hereafter Statial7) to assess any changes; and (c) that of the Saba Exclusive Economic
Zone (EEZ) (which includes Statia) (hereafter Sabal7) prior to the 2017-2020 re-
search to assess the identity and ecotypes of species that, although they are not on the
Statia20 list, do occur very near Statia. Finally, we compare the relative abundances of
the different ecogroups in the Statia20 fauna to those at one of the best sampled reefs
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in the Greater Caribbean, which has the largest published fauna: Alligator Reef in the
Florida Keys (see Williams et al. 2010). The Alligator reef faunal checklist was recently
updated and expanded (Starck et al. 2017; Estapé et al. 2020; hereafter Alligator20),
and, hence, should provide a useful comparison.

A list of reef-associated fishes known from Alligator Reef was extracted from the list
in Starck et al. (2017), and Estapé et al (2020) by comparing it to the checklist of regional
reef-associated fishes of Robertson and Tornabene (2020). A faunal list for the Saba EEZ
(see Suppl. material 1: Figure S1) was obtained by using the “Species List Assembly” tool
in Robertson and Van Tassell (2019) (https://biogeodb.stri.si.edu/caribbean/en/research/
index/list), as follows: within the tool the following combination of factors was selected
—all species/ political area/ Saba EEZ. The confirmed species on the list generated (those
with actual records within that EEZ) were then used here. A few species represented
solely by data from the 2017-20 research at Statia that were on the Saba EEZ list gener-
ated by that tool were excluded from that list for the present comparisons.

Results

Modifications to the list of Davies and Piontek (2017)

We reduced the number of species on the list of Davies and Piontek (2017) (which
is unchanged from that of Davies and Piontek 2016) from 307 to 304 through three
deletions. Those included Emblemariopsis occidentalis Stephens, 1970, Pterois miles
(Bennett, 1828) and Enneanectes pectoralis (Evermann & Marsh, 1899). Those authors
recorded E. occidentalis and provided a photograph (on p 75 of Davies and Piontek
2016) of the fish they gave this name. However, E. occidentalis is now known to be re-
stricted to the Bahamas (B Victor pers. comm., 26 May 2020). Authors CJE and AME
photographed two species of this genus at Statia, E. bahamensis and E. carib. While E.
carib (and E. occidentalis) has a simple ocular cirrus, E. bahamensis lacks such a cirrus.
As the fish in Davies and PionteK’s (2016) photograph clearly has an ocular cirrus it
cannot be E. bahamensis. B Victor (pers. comm., 26 May 2020) examined that pho-
tograph and concluded it is of either E. carib or possibly E leprocirris Stephens 1970,
which has an ocular cirrus and is known from the Puerto Rican plateau, 185 km from
Statia. Hence, we deleted E. occidentalis from the list but did not include E. leptocirris
due to the uncertain identification of that photograph. The Indo-west Pacific lionfish
P volitans apparently is a hybrid of two Indo-west Pacific species, and the West Atlantic
population of this lionfish appears to be composed almost entirely of P volitans (Wil-
cox et al. 2018). Hence, we excluded P miles from the list as it is unlikely to be pre-
sent at Statia and any such an occurrence has not been confirmed genetically. Davies
and Piontek (2017) included both Enneanectes pectoralis and E. jordani on the list.
However, we excluded E. pectoralis as it recently has been shown to be a synonym of
E. jordani (see Victor 2017). In addition, we changed the names for two of Davies and
Piontek’s (2017) species: Davies and Piontek (2017) recorded L. campechanus (Poey,
1860), which is now known to be restricted to the Gulf of Mexico and US area. The
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taxonomic separation of L. purpureus, which ranges from the Caribbean to Brazil, from
L. campechanus was recently confirmed by da Silva et al. (2020). Davies and Piontek
(2017) recorded S mitsukurii Jordan & Snyder, 1903. However, the Greater Caribbean
population was recently renamed S. clarkae (see Ehemann et al. 2019) and S. mitsuku-
rii is now regarded as restricted to the Eastern Adlantic and Indo-west Pacific. Those
changes reduced the Statial7 list from 307 to 304 species.

Additions from other sources

The Van Kuijk et al. (2015) list of 106 species contained one species (Chilomycterus sch-
oepfi) not included by Davies and Piontek (2017) in their list. FishNet2 supplies data
based on museum records to GBIF and all 34 species records from FishNet2 were also
in the GBIF list and are not separately indicated in Table 1. The GBIF list included
103 species, and, after discounting the 27 DROP2017 collection records included
therein, none of the 76 remaining species represented “new” records that are not on
the Davies and Piontek (2017) list. OBIS, which also supplies data to GBIF, produced
37 records, 13 of which (all common, widely distributed species) were not in the GBIF
list, but only one of which (Coryphaena hippurus) was not in any other database.

DROP recorded a total of 120 species, 59 of which were not in any other list, ex-
cept for two new records it shared with the Estapé 2020 list. Eight of those 59 records
are of species that have yet to be described and named. The Estapé 2020 list includes
244 records, 40 of them new, plus two other new additions they share with DROP.
Summing the deletions and additions from various sources produced a total of 406
species for the Statia20 checklist (see Table 1).

Photographic plates

The 13 photographic plates (Suppl. materials 4-16: Plates S1-S13) include images of
280 species, 69% of those on the Statia20 list. In addition, Davies and Piontek (2017)
provided images of Chimaera cubana, which are not included in the supplemental
plates. Of the plate images, 40 species come from DROP collections, 226 were taken
by CJE and AME and 14 were provided to them by local divers and fishers at Statia
(Table 1). Images are available from other sources for all remaining species listed in
Table 1 (except the seven species of macrourids), on their individual species pages at
https://biogeodb.stri.si.edu/caribbean/en/pages.

Structure of the Statia20 reef-associated bony fish fauna
Global geographical ranges
Greater Caribbean endemics represent the largest group of species in the Statia fauna,

and, together with more widely ranging western Atlantic endemics, constitute almost
three quarters of the species. Trans-Atlantic species and species found outside as well as
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Figure 3. Percentages of the Sint Eustatius marine fish fauna represented by groups of species with dif-

ferent global geographical ranges. GC = Greater Caribbean endemics; NWA = GC plus temperate eastern
USA; WA = GC plus Brazil; TA = WA plus central or East Atlantic; and A&P = species found in both the

Adlantic and various parts of the Indo-Pacific.

inside the Atlantic represented only a quarter of the fauna (Table 1, Figure 3). The rela-
tive abundances of species with different types of large-scale geographic ranges are very
similar to those of species in the well documented fauna of nearby St. Croix (Smith-
Vaniz and Jelks 2014). Species found in Brazil constituted one third of the Statia fauna,
while those extending northwards from the Greater Caribbean represented only 1%,
a reflection of the greater effects of temperature limitation on northward extension of
ranges as compared to effects of the Amazon-Orinoco outflow on limitation of range
extension much further south of the Greater Caribbean.

Extent of geographical ranges within the Greater Caribbean

The vast majority of species are widely distributed within the Greater Caribbean, with
only nine (2.25%) of them having ranges limited to a restricted part of the Caribbean.
Among those nine, five are deep-living species, and five belong to Core CRF families
(Table 1). The four shallow species with restricted ranges are all Core CRFs. None of
the species were micro-endemics, restricted to Statia or that island plus immediately
surrounding islands, and no micro-endemics are known to exist in that general area.
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Ecology — Depth

The number of deep species increased from 44 on the Statial7 list to 86 in the Statia20
fauna (Table 1), representing an increase from 14.5% in the former to 21.2% in the
latter. Among the reef-associated bony fishes (Table 2) the number of deep species
increased from 6 (2.7%) to 39 (11.7%) in those two lists.

Ecology — Reef-associated bony fishes

The Statia20 fauna of such species is 38.3% larger than the Statial7 fauna, with num-
bers of shallow species increasing by 24.8% (from 214 to 267) and of deep species
increasing 6.2-fold (from 6 to 39). This led to substantial increases in the relative
abundance of deep-reef species, and of benthic, cryptobenthic, small cryptobenthic
and core CRFs on both shallow and deep reefs. The Sabal7 fauna was 71% larger than
that of Statial7, with greater percentages of deep-reef, benthic, cryptobenthic, small
cryptobenthic and Core CRFs. The Sabal7 fauna was 23% larger than the Statia20
fauna and had a greater proportion of shallow species and fewer deep species, and
higher proportions of shallow members of cryptobenthic, small cryptobenthic and
Core CRF groups. Thirty-two percent of the Sabal7 species were not in the Statia20

Table 2. Characteristics of assemblages of reef fishes at different locations in the Greater Caribbean
region. Percentages of ecotypes in the entire regional fauna, the entire faunas from each local area, and
within each of two depth subgroups refer to number of species as a % of the entire fauna and of each depth
subgroup. Assemblages include those at Statia in 2017 and 2020 (Statial7 and Statia20), in the Saba EEZ
in 2017 (Sabal?), of species in the Sabal7 fauna that are not currently known to occur at Statia (Sabal7-
Statia20), of the Saba EEZ in 2020 (Statia20 + Sabal7), and of Alligator reef in 2020 (Alligator20). Small
species are those with < 10 cm maximum total length. Percentage values for individual sites that are greater
than the regional value are shown in red, those below the regional value are in blue.

Region Statia20  Statial7 Sabal7 Saba20  Alligator20 Sabal7 — Statia20

ALL SPECIES (n) 903 306 220 377 427 427 121
Demersal species% 35.0
Benthic species% 65.0
Cryptobenthic species% 59.2
Small cryptobenthic species% 41.6
Core CREF species% 45.8

SHALLOW SPECIES% 85.1
Non-cryptic species% 40.8
Cryptobenthic species% 59.2
Small cryptobenthic species% 41.3
Core CRF species% 46.2

DEEP SPECIES% 14.9
Non-cryptic species% 40.3
Cryptobenthic species% 59.7
Small cryptobenthic species% 43.3
Core CRF species% 44.0

Notes: see methods for classification of ecotypes. For lists of species in the Saba EEZ and Statia2020, and their ecotypic classifications
see Suppl. material 2: Table S1. Prerois volitans and Pristipomoides spp are excluded from Suppl. material 2: Table S1 and the calculations
in Table 2. The former is non-native and the specific identity of Pristipomoicdes at Statia is uncertain.
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fauna. Those 121 species comprised mainly shallow cryptobenthic types, including
small-cryptobenthic and Core-CRF species. When those are combined with the Sta-
tia20 fauna the resultant Saba20 fauna has substantial increases in the proportions of
shallow cryptobenthic, small cryptobenthic and core CRF species compared to the
Statia20 fauna. Relative to the regional fauna, however, the faunas of Statial7, Sta-
tia20, Sabal7, and Saba20 all had deficits of deep species of all types and of shallow
cryptobenthic species, including small- and Core-CRF species. The Alligator20 fauna
of reef-associated species is the same size as the Saba20 fauna. It has the same charac-
teristics as the Statial7 and Sabal7 faunas: a large deficit of deep-reef fishes and deficits
of shallow cryptobenthic species, including small- and Core-CRF species. Although
there has been some collecting at Alligator reef of shallow cryptobenthic species there
has been no submersible-based collecting there.

Discussion

The efforts of van Kuijk et al. (2015) and Davies and Piontek (2017) substantially in-
creased our knowledge of the known ichthyofauna of Statia, from 215 to 304 species.
The information added through the research in 2017 and 2020 has produced a further
significant increase, by 33.6%, to 406 species. While the size of the Statial7 fauna was
similar to that known for other islands in the Caribbean (Williams et al. 2010; Davies
and Piontek 2017) the Statia20 fauna is distinctly larger. That can be attributed to the
combination of research on deep-reef fishes by DROP in 2017 and on shallow species
by CJE and AME in 2020. Williams et al. (2010) compared the size of the Saba Bank
fauna to the faunas of various Caribbean sites and two in the Florida Keys. The size of
the large known fauna at one of those Florida sites, Alligator Reef, has increased by -
20% since the Williams et al. (2010) study (see Starck et al. 2017; Estapé et al. 2020).
However, the current state of knowledge for the other Caribbean sites referred to by
Davies and Piontek (2017) and Williams et al. (2010) is unclear.

Zoogeographically the two largest groups of species in the Statia20 fauna are
Greater Caribbean endemics and western Atlantic endemics, and the smallest group
is of species found in the Indo-Pacific as well as the Atlantic. This mixture is fairly
representative of the Greater Caribbean fish fauna as a whole (Robertson and Cramer
2014), and similar to that of nearby St. Croix (Smith-Vaniz and Jelks 2014). The vast
majority of the species in the Statia20 fauna are widely distributed in the Greater
Caribbean. Among the very few (2.25%) with restricted ranges most information on
range-size is available for the shallow species, which belong to two of the most speciose
Core CRF families in the Greater Caribbean, the Gobiidae and Chaenopsidae. High
levels of local endemism is a feature of some CRF taxa (Brandl et al. 2018) and region-
ally those two families have substantial proportions of species with restricted ranges, as
defined here: 78.7% of 47 chaenopsids and 42.4% of 139 reef-associated gobies (see
species maps in Robertson and Van Tassell 2019).
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Most species recorded in the Statial7 fauna are readily visible reef fishes, demersal
and non-cryptic benthic species commonly found on wider Caribbean reefs, and the
proportions of cryptobenthic (particularly small ones) and deep-reef species were rela-
tively low. Davies and Piontek (2017) recognized that both those groups were probably
underrepresented in their checklist due to inadequate sampling. Aspects of data collec-
tion that affect the adequacy of sampling at a location include its spatial distribution,
techniques used, and the depth of sampled habitats. Of all research efforts to date at
Statia only the shallow BRUV sampling by van Kuijk et al. (2015) can be regarded as
spatially representative, as it was well dispersed around both exposed and sheltered sides
of the island. SCUBA-based sampling by Davies and Piontek (2017) and both DROP
and the Estapés was largely limited to the more sheltered platform on the western side
of the island, and the submersible sampling by DROP was restricted to one small area at
the southwest corner of the island shelf. Hence, there are large areas of habitat on the sea-
ward platform and on deep reefs around three quarters of the island that remain unsam-
pled. Furthermore, roving SCUBA surveys are largely limited to providing information
on larger, more readily visible demersal and pelagic species (Ackerman and Bellwood
2000; Smith-Vaniz et al. 2006; Alzate et al. 2014). BRUVs are similarly limited: only
10.3% of the 106 species recorded by van Kuijk et al. (2015) are cryptobenthic forms,
and only 2.8% are small cryptobenthic species (see Suppl. materials 2, 3: Tables S1, S2).

Rotenone is an ichthyocide commonly used in small quantities by researchers to
extract cryptobenthic fishes hiding within reef structures or buried in soft bottoms,
and is an important tool for elucidating the contribution of such species to reef-fish
faunal assessments (Ackerman and Bellwood 2000; Smith-Vaniz et al. 2006; Robert-
son and Smith-Vaniz 2008). Davies and Piontek (2017) indicated that sampling using
ichthyocides to extract cryptobenthic species hiding within the matrix of the reef at
Statia likely would increase the size of the fauna. Rotenone sampling has been em-
ployed on shallow reefs of Saba Bank by Williams et al. (2010), and can account for
the large numbers of small cryptobenthic species encountered there that are not on the
Statia20 checklist: 60% of the 142 species collected by Williams et al. (2010) at Saba
bank using that ichthyocide are cryptobenthic forms. Given that that bank is very close
to Statia (the two shallow platforms are < 20 km apart) and, since it lacks mangroves,
seagrasses and intertidal habitats, the bank may have even lower habitat diversity than
Statia. Hence, it seems quite likely that many of the cryptobenthic species, particularly
the small ones, found on that bank will be encountered at Statia when appropriate
sampling has been done. However, the increase in numbers of shallow cryptobenthic
species at Statia from 2017 to 2020 does show that organized searching by skilled citi-
zen scientists can contribute substantially to knowledge of cryptobenthic species. The
activities of CJE and AME added 33 shallow cryptobenthic species to the checklist,
31% of the total and 85% of the new records for that ecogroup in the 2020 fauna, and
equivalent to 49% of the number present in the Statial7 fauna (Tables 1, 2).

The DROP submersible-based sampling is the only organized research on deep-
reef fishes conducted to date at Statia or in the Saba EEZ. It produced more than half
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the new records in the Statia 2020 fauna, including records of eight recently discovered
species that currently lack scientific names. It dramatically increased the numerical and
proportional abundance of deep-reef species in the general fauna and in the reef-asso-
ciated component. A lack of such research at Saba bank and Alligator Reef accounts for
the very low abundance of deep-reef fishes at those sites.

The proportional abundances of shallow cryptobenthic species, including small
species and core CRFs, are also distinctly lower in the Statia20 fauna than the regional
fauna. Even if all 121 reef-associated species in the Saba EEZ that are not known from
Statia are assumed to be at Statia those proportions still remain below the regional
levels. Some of that difference is probably due to sampling artifacts. However, the
proportional abundances of those ecotypes in a local fauna like that of Statia, or Alliga-
tor Reef, may always be lower than the regional level. In the Greater Caribbean small
cryptobenthic species, particularly Core-CRF species such as blennioids and gobies,
often have small geographical ranges (see above), which are scattered in different parts
of the region (see Robertson and Van Tassell 2019). While the regional level of the pro-
portional abundance of such taxa is based on an aggregate of many such species from
a large area, only a subset of species in those taxa will be found at any single site and
their proportional contribution to local faunal richness most likely will be lower than
the regional level. The Statia20 fauna includes 33.9% of the Greater Caribbean’s reef-
associated fish fauna. That percentage rises to 47.3% in Saba20. Whether a tiny island
with a small area of a limited range of habitats is likely to support many more species,
and whether pelagic recruitment of reef fishes from nearby islands found around three
sides of Statia helps sustain the Statia fauna are both debatable issues that bear on the
size of its marine fish fauna.

Conclusions

The research reported in the present study substantially increased our knowledge of the
size of the marine fish fauna of Statia and resulted in the discovery of a significant num-
ber of undescribed deep-reef species. Although that island fauna is now one of the best
documented in the Greater Caribbean there is still much to do to provide a thorough
assessment of its diversity. Collecting with ichthyocide (or anesthetics) is essential for
effective sampling of the fauna of small, shallow cryptobenthic reef fishes present there,
and sampling of both deep and shallow reef fishes needs to be more effectively distrib-
uted across the range of habitats present at the island. No single site in the Caribbean
Sea has been subject to sufficiently thorough sampling to provide a clear understand-
ing of the size of its entire marine fish fauna, the size of its reef-associated fish fauna,
or even the size of its shallow, reef-associated fauna, let alone its deep-reef fish fauna.

Permits

Collecting by DROP was performed under Saba/Statia BES Permit No. 120317 to the
Foundation Curacao Deep Reef Research Centre.
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Committee, approval No. 2014-13 to CCB.
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