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Abstract

A series of small emergent coral reefs and shallow, submerged coralliferous banks are scattered along the
western edge of Campeche Bank (southwest Gulf of Mexico), 150-200 km offshore from the Yucatdn
Peninsula, Mexico. Here a reasonably comprehensive, annotated checklist of reef-associated fishes for one
reef, Cayo Arcas (expanded from 162 to 209 species) is presented, with preliminary checklists of such
fishes from three other emergent reefs (Cayo Arenas, Tridngulo Oeste, Tridngulo Este) and four submerged
bank reefs (Banco Obispo Norte, Banco Obispo Sur, Banco Nuevo and Banco Pera). During 2017-18
a total of 260 species was observed or collected from those reefs, and previous studies and georeferenced
museum records in the global aggregator Fishnet2 added another 101 shallow-living species recorded on
or adjacent to those reefs. Some coral-reef fishes are thought to be strongly dependent on seagrass and
mangrove areas as nursery habitats for maintenance of their local populations on reefs near to those habi-
tats. The abundance of a number of such “nursery” species on these Campeche reefs indicates otherwise,
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as there are no seagrass- or mangrove habitats for reef fishes within -~ 150 km of the study reefs. Other
isolated Caribbean-area reefs that lack mangroves and, in some cases, seagrasses, also support many such
nursery species of reef-fishes.
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endemic species; invasive species juvenile habitats; reef-fishes; Southwest Gulf of Mexico

Introduction

The southwest Gulf of Mexico has relatively few coral reefs, most of which are quite
small. Only a few of these are offshore reefs on the broad, shallow Campeche Bank that
extends 200+ km north from the Yucatdn Peninsula. This part of the Gulf of Mexico
has a different marine environment from the rest of that gulf (Belanger et al. 2012,
Lorda et al. 2019). Due in part to the number of endemic reef-fishes found there, the
shore-fish fauna of this area forms a discrete biogeographic subunit within one of three
major biogeographic subdivisions of the shore-fish fauna of the Greater Caribbean
(Robertson and Cramer 2014).

The reef-fish faunas of most of the Campeche Bank offshore reefs have not been
documented. Only three of them have substantial published checklists: Alacranes Reef,
a large (- 300 km?) emergent reef in the center of the bank and the largest reef in
the region (Génzalez-Géndara and Arias-Gonzdlez 2001), Madagascar Reef, a tiny (-
0.25 km?), shallow, submerged coralliferous rocky bank ~ 40 km offshore from Sisal,
on the northwest coast of the Yucatdn peninsula (Zarco-Perell$ et al. 2014, Robertson
et al. 2016a), and Cayo Arcas, a cluster of three small emergent reefs located near the
outer edge of the southwest corner of Campeche Bank (Robertson et al. 2016b).

Here we present an expanded list of non-cryptic and cryptic reef-fishes we observed
and collected at Cayo Arcas, and at seven other reefs and submerged banks (Cayo Are-
nas, Tridngulo Oeste, Tridngulo Este, Obispo Norte, Obispo Sur, Banco Nuevo and
Banco Pera), scattered along the western edge of Campeche Bank, ~ 150 km from the
mainland coast during 2017-18. In addition we include a list of fishes that were col-
lected from the vicinity of those reefs and are lodged in the database of the aggregator
website Fishnet2 (http://www.fishnet2.net/) by some of the 75 international museums
that supply data to that website.

Surveys of local reef-fish faunas serve several purposes. They provide the grist for
studies of the biogeography of reef fishes by fleshing out information on the distribu-
tions of species. If sites are small and depauperate in habitat diversity their faunal com-
position provides information that helps identify the importance of different habitats
and reef-size for maintaining local populations of different species. Both types of infor-
mation are useful for indicating the importance of sites for management and conserva-
tion purposes. Hence the reef-fish faunas of the reefs we discuss here also are of interest
not only because of their location, but also because those reefs are small, isolated and
lack two major ancillary habitats that are commonly found adjacent to reefs and used
by reef-fishes in other parts of the Greater Caribbean: seagrass beds and mangroves.
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Methods

Study reefs

The set of eight study reefs is spread from the Cayo Arcas complex in the southwest corner
of Campeche Bank, to the Cayo Arenas complex, 220 km northeast of Cayo Arcas, at the
northwest corner of that Bank (Figure 1). Cayo Arenas (Suppl. material 1: Figures S1-S3) is
at 22.11°N, 91.39°W, Tridngulo Oeste (Suppl. material 1: Figure $4) at 20.96°N, 92.3°W,
Tridngulo Este (Suppl. material 1: Figure S5) at 20.91°N, 92.22°W/, Banco Obispo Norte
(Suppl. material 1: Figure S6) at 20.49°N, 92.20°W, Banco Obispo Sur (Suppl. material
1: Figure S7a,b) at 20.41°N, 92.22°W, Banco Nuevo at 20.55°N, 91.88°W, Banco Pera
(Suppl. material 1: Figure §8) at 20.73°N, 91.93°W/, and Cayo Arcas (Suppl. material 1:
Figures §9, $10) at 20.20°N, 91.97°W. The study reefs include all the emergent reefs on
the western edge of Campeche Bank except Cayo Nuevo (21.83°N, 92.09°W), which is
located ~ 95 km north of Tridngulo Oeste and - 78 km southwest of Cayo Arenas, and all
the named submerged coralliferous banks except Bancos Ingleses, -~ 15 km east-southeast
of Cayo Nuevo. Cayo Arenas and Cayo Arcas each have a manned lighthouse and are
permanently staffed by a lighthouse keeper and Mexican Armada marines.

Reef-fish habitats on the study reefs:

Cayo Arenas, Cayo Arcas and the two Tridngulo reefs (Oeste and Este) are emergent
reefs or reef complexes, with well-developed coral cover, and coral zonation patterns
(Tunnell et al. 2007) similar to those of other reefs on the outer parts of the continental
shelf elsewhere in the Greater Caribbean. The reef systems of Cayos Arcas and Arenas
each comprise a cluster of three separate emergent reefs spread over an area of - 5 km?.
Tridngulo Oeste is a single reef with an emergent area of <0.25 km? , and Tridngulo Este
(also known as Tridngulo Este-Sur) is composed of a 5 km long line of four elongate, nar-
row (0.5 km wide) emergent reefs separated from each other by shallow-water distances
of < 1 km (Suppl. material 1: Fig S3). Reef development on those reefs extends down
t0 25-30 m (Logan et al. 1969, Tunnell et al. 2007). The two Obispo banks and Banco
Nuevo and Banco Pera are rocky banks that rise to within 10 m (Obispos) and - 15 m
(Nuevo and Pera) of the surface. While a few small patch reefs on those banks have well
developed coral cover, for the most part the surface of the areas of those banks we visited
comprised rock, with a thin covering of sand and an abundance of 2-3 m high, tree-like
gorgonians, with only small scattered clumps of hard corals 1 m or so in diameter, and
numerous large barrel sponges. Logan et al. (1969) described the general geological and
morphological characteristics of reefs, submerged coralliferous banks and inter-reef soft
bottoms on the Yucatin Peninsular, and Chavez et al. (2007) summarized information
about reef morphology and coral zonation patterns of Cayo Arcas. Various aspects of the
habitat structure and benthic organisms found on the reefs at Cayo Arcas, Cayo Arenas
and the Tridngulos reefs also are described and discussed in Tunnell et al. (2007).
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Figure I. General location of study reefs on Campeche Bank. Base map by NASA.

Mangroves and seagrasses on the Campeche Bank reefs

Mangroves and beds of seagrasses (typically 7halassia testudinum Banks ex Koenig,
1805) represent major ancillary habitats adjacent to or within many reefs in the tropi-
cal northwest Atlantic. Those two habitats are used by many reef fishes, often as nurs-
ery habitats (Nagelkerken et al. 2017). Flores (1992), who is cited as the source of
information on mangroves and seagrasses (7. testudinum) on Campeche Bank offshore
cays by Gulfbase (http://www.gulfbase.org/checklist/pdfs/marine-spp-list.pdf) an ag-
gregator of biological information on the Gulf of Mexico, listed mangroves as being
present at Cayo Arcas but not Cayo Arenas. Flores (1992) figure 47 of the distribution
of plants on the lighthouse cay at Cayo Arcas shows a few mangrove plants where cur-
rently there is a shallow (<1 m deep) pond immediately along the east and southeast
side of that cay, inshore from the intertidal reef crest, but he presented no information
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about their size or abundance. We noticed no mangroves in that area in 2016, but did
see several small, young plants in the southeast section of the pond in 2018 (Suppl. ma-
terial 1: Figure S10). Tunnell and Chapman (2001) surveyed seabird rookeries on Cayo
Arenas, Cayo Arcas and Cayo Tridngulo Oeste and noted vegetation on those islands,
but did not mention mangroves at any of them. We saw mangroves only at Isla Arenas,
in 2017. At that site there was a small (- 30 m diameter) patch of small (up to -~ 1 m
high) mangroves with slender (up to several cm diameter) trunks growing on a bottom
surfaced entirely with flattened coralline rock chips in the intertidal zone on the south-
west side of the Lighthouse island, on the seaward side of a saltwater pond (see Suppl.
material 1: Figure §2). At low tides during our stay there (May 2017) those mangroves
were completely exposed, with only small (to - 25 cm wide), shallow (<2 cm deep)
scattered puddles containing water in the mangrove area, a few of which contained a
few small gobies (Bathygobius sp.), but no other fishes (Suppl. material 1: Figure S3).
Hence that mangrove patch does not represent permanently available habitat for reef
fishes and would offer little shelter even at high tide. It does not constitute a patch of
permanently immersed mangrove nursery habitat of the type commonly used by reef
fishes. The situation vis a vis the presence of small stands of stunted, sparsely scattered
mangroves on the small, low sandy cays of Campeche Bank on which intertidal habi-
tats are quite likely to change in response to storms may well have changed at Cayo
Arenas and Cayo Arcas in 25+ years since Flores” (1992) research. Tunnell et al. (2007)
noted the disappearance of small stands of mangroves growing in small, beach-front
ponds next to two sand cays at Alacranes Reef between the 1960s and 2000s. They also
noted the presence of a small stand of mangroves growing in a pond at the southeast
corner of Perez Island at Alacranes reef. That - 0.1 ha stand, much of which was grow-
ing on dry land around the pond, was still present in 2016 during the visit by DRR.
That pond was separated from the shore by a beach berm, and only intermittently con-
nected to the sea. As with the Cayo Arenas mangrove patch, that on Isla Perez likely
does not represent a significant amount of habitat useable as a reef-fish nursery.

There are seven seagrasses in the Gulf of Mexico (Littler and Littler 2000, Green
and Short 2003). Three of them, Turtlegrass, 7halassia testudinum; Manatee grass, Sy-
ringodium filiforme Kutzing in Hohenacker, 1860; and Shoal grass, Halodule wrightii
Ascher, 1868, grow in beds that can be sufficiently dense to provide a shelter-rich habi-
tat useable by reef-associated fishes. No live seagrasses growing on sandy bottoms were
seen by us or any other divers from UNAM-Sisal studying shallow water organisms
during expeditions to the study reefs in 2016-2018. Those dive sites included lagoonal
areas on the leeward sides of emergent reefs and large sand patches on the submerged
banks. At Cayo Arcas and Cayo Arenas the cays have shallow (<1m deep) saline ponds
bordering the islands that become isolated at low tide; we saw no seagrasses growing
in those. We did see substantial amounts of dead seagrass leaves deposited on the
beaches of Cayo Arcas in 2016, with much smaller amounts on those beaches in 2018.
However, the beaches of Cayo Arenas and the cay at Tridngulo Oeste only contained
windrows of dead macroalgae. The seagrass windrows on Cayo Arcas were composed
of slender, cylindrical, thread-like leaves of Syringodium and/or Halodule, and no dead
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blades of 7halassia were observed. All those dead seagrass threads were either brown or
bleached white, short (mostly <10cm long) and lacked leaf bases with roots attached to
them. Similar threads were observed floating in the open sea near Cayo Arcas. Those
three species of seagrass are restricted to shallow water in sheltered habitat with fine-
sand and mud bottoms: the depth limit of 7. testudinum is -~ 20m, of S. filiforme 25
m, and H. wrightii 5 m (Littler and Littler 2000; Short et al. 20104, b, ¢). Robertson
et al. (2016b) thought that A. wrightii might be growing in shallow beach-side ponds
of Cayo Arcas. That does not appear to be the case. Thus it is very doubtful that any
seagrasses are growing around or very near to the study reefs but missed during our
expeditions between 2016 and 2018 as the emergent reefs provide the only sheltered
soft substrata in their leeward lagoons, and water around the reefs is deeper than that
in which these seagrasses are known to grow.

Turtlegrass was the only seagrass listed by Flores (1992) as present on offshore
Campeche reefs, and he indicated it was present at Cayo Arcas, Cayo Arenas, and Cayo
Tridngulo (i.e., Tridngulo Oeste). However, a map (map XIII) of seagrass distribution
in the Gulf of Mexico by Green and Short (2003) shows them present inshore along
the entire Gulf coast of the Yucatdn peninsula and at Alacranes Reef, but nowhere
else on Campeche Bank. It seems less likely that seagrasses, which typically grow in
sheltered (e.g., lagoonal) habitats, such as that at Alacranes reef, would have vanished
from our study reefs. Chdvez et al. (2007) noted the absence of seagrasses on “most”
Campeche reefs other than Alacranes, which they attributed to a lack of accumulation
of fine sediment needed for seagrass establishment. The simplest explanation for the
occurrence of the long-dead manatee/shoal grass threads on the beach of Cayo Arcas
and floating in water nearby is that they drifted ~ 150 km in from grass beds along
the mainland coast. Hence we conclude that two major ancillary habitats, mangroves,
and seagrass beds, used by reef fishes throughout much of the wider Caribbean area
currently are lacking within - 150 km of the offshore reefs of western Campeche Bank.

Data collection

Cayo Arenas was visited by a group of divers, including DRR, who camped on the island
from 22 to 27 May, 2017. During that visit DRR made 14 dives between 0-30 m at
different sites on the three reefs that comprise that reef system. During September 815,
2017 a group of divers on a live-aboard diving-support vessel, the 30 m long “Barco
Isla Mujeres” (see https://www.youtube.com/watch?v=xt-aP0zOFTw.), visited six reefs
and banks located between Cayo Arcas and Cayo Arenas. During that expedition DRR,
OD-D and RMM made a total of 60 person dives, at Tridngulo Oeste (September 8-10,
six dives per person between 1-25 m), Tridngulo Este (September 11-12; five dives per
person between 1-28 m), Banco Obispo Norte (September 13, three dives per person at
9-24m), Banco Obispo Sur (September 14, three dives each at 9-25 m), Banco Nuevo
(September 15, two dives each at 18-20m) and Banco Pera (September 15, one dive
each at 24 m). During 19-26 June 2018 DRR, RMM and OD-D camped as part of a
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group of researchers from UNAM-Sisal on Cayo Arcas. Together with two assistants they
made a total of 105 person dives at 17 sites on the three reefs that make up that complex.
During his dives at the different reefs DRR focused on obtaining a seascape view of the
fish fauna, covering large areas and noting the occurrence and abundance of non-cryptic
species at different sites. The other divers on the September 2017 and June 2018 trips
focused on collecting cryptic fishes using the anesthetic clove oil (10% clove oil in 70%
ethanol), and non-cryptic fishes by spearing with multi-pronged pole spears. Collec-
tions with clove oil were made in two ways: the anesthetic sprayed into holes without
knowing what fishes were inside, and, in other cases, after noticing suitable specimens in
holes. Abundance categories given here are the same as those reported in Robertson et al.
(2016b) for earlier, similar observations at Cayo Arcas: Rare (1 seen during entire expedi-
tion); Uncommon (< 5 total); Occasional (- 20 total, at multiple dive sites); Common,
widespread (scores, at most/all dive sites); Locally common (scores to hundreds at 1-2
dive sites); Abundant, widespread (hundreds to thousands at most/all dive sites).

In addition a search was made on Fishnet2 (www.fishnet2.net; accessed October 5,
2018), for records of fish species collected in two quadrants, one that encompassed Cayo
Arenas and adjacent areas on its east and west sides highlighted by Google Earth (quad-
rat sides: 22.0°N to 22.15°N, 91.05°W to 91.55°W, ~ 885 km?), and another that en-
compassed all the remaining study reefs (quadrat sides: 20.05°N to 21.0°N, 91.5°W to
92.5°Wj; ~ 11,000 km?). We used those quadrats in part to accommodate lack of precision
in georeferencing of collection records that might relate to those reefs. We incorporated
Fishnet2 records of fish species that could be encountered in shallow reef habitats (< 30 m
depth) or occur in pelagic and soft-bottom habitats shallower than 30m adjacent to reefs.

Tissue samples (for genetic analyses) of large, easily recognizable species of reef-
fishes and voucher specimens of all small cryptic species that were collected at the study
reefs and preserved in ethanol have been deposited in the Ichthyological Collection
of the Laboratorio de Biologia Acudtica, Universidad Michoacana de San Nicolds de
Hidalgo, México (SEMARNAT registration number MICH-PEC-227-07-09).

Results

Table 1 includes a list of 364 fish species from 75 families now known from the west
Campeche offshore reefs. Of those 360 are bony fishes, which include 260 species that
we observed or collected on the study reefs between 2016-2018. In addition there are
nine other species that were observed or collected on those reefs by Chavez (1966) and
by Gardufno (1988) but not seen by us, and museum records of 136 species in the two
quadrats, 96 of which were not recorded by us on the reefs. The 136 include 48 soft-
bottom species (46 of which we did not record on the reefs), 31 pelagic species (20 not
recorded by us), and 57 species that occur on hard reef substrata (as well as other sub-
strata in some cases), 30 of them not recorded by us. Robertson et al. (2016b) reported
a fauna of 162 species from Cayo Arcas; our 2016—18 sampling increased that to 209
species, primarily as a result of collection of 35 cryptic species using clove-oil anesthetic.
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Species Notes

These notes refer to information relating to species of particular interest, e.g., those
possibly misidentified or which can be confused with other similar species, invasive
species, and species that are thought to be reliant on mangroves or seagrass beds for
nursery habitats.

Halichoeres burekae \Weaver & Rocha, 2007 and H. pictus (Poey, 1860). Halicho-
eres burekae, a western Gulf of Mexico endemic, is perhaps the most abundant labrid
on all eight reefs. This species is listed as Endangered (i.e., at a high risk of extinction)
by the IUCN Red List (Rocha et al. 2015) due to the small size of its geographic range
and the paucity of reef habitat within that area. The abundance of this species on the
west Campeche reefs has substantial conservation significance, as it indicates that the
set of small offshore reefs scattered along the western side of Campeche Bank may be
essential for its continued existence. None of those reefs are as yet designated as Ma-
rine Protected Areas. There is a museum record of H. pictus in the Tridngulo Quadrat,
although we did not observe this species on any of our study reefs. This species is con-
spicuous and found on shallow fore-reefs, feeding in midwater in small aggregations
in the same habitat as H. burekae, which also forms aggregations. Older records of this
species on inshore reefs of Veracruz state, and (perhaps) Alacranes reef, may also relate
to Halichoeres burekae, a recently described (2007) species endemic to that region, as
the latter (but not A. pictus) is included in checklists from those reefs published after
that date (e.g., Gonzdlez-Gédndara 2014; Gonzélez-Géndara et al. 2012, 2013, Aguilar-
Perera and Tuz-Sulub 2009). H. burekae is abundant on the west Campeche reefs, and
also common at Alacranes reef and the inshore reefs of Veracruz state.

Halichoeres poeyi (Steindachner, 1867).This species typically is found in seagrass
beds around the fringes of Caribbean Reefs. A single specimen of H. poeyi was collected
at Cayo Arcas in 2018. However, it was not observed by DRR during either the 2016
or 2018 expeditions to that reef or any of the other seven reefs considered here. Hence
it must be rare on those reefs. It is present on Alacranes reef (Gonzédlez-Gdndara and
Arias-Gonzdlez 2001), which has seagrass beds, and on the coastal reefs of Veracruz
(del Morales-Flores et al. 2013) that also have adjacent seagrass beds.

Xyrichtys splendens (Castelnau, 1855). This species typically is found in seagrass
beds adjacent to Caribbean reefs. On the west Campeche reefs we repeatedly observed
small groups of adults associated with concentrations of macroalgae attached to small
rocks in and around sandy areas on the leeward sides of reefs.

Stegastes diencaeus (Jordan & Rutter, 1897) and S. adustus (Troschel in Muller,
1865). Stegastes diencaeus was not observed by DRR at Cayo Arcas in either 2016 or
2018, although we collected one individual there in 2018. This species was present,
but uncommon in coralline-rock habitats at - 10-15m depth at both Cayo Arenas and
Tridngulo Oeste. As noted by Robertson et al. (2016b), records by Gardufio (1988) of
“Eupomacentrus mellis”, which is the juvenile of S. diencaeus (see Robertson and Allen
1981) on Cayo Arcas quite possibly relate to the similarly colored juveniles of S. lesucos-
tictus and S. xanthurus, which are easily confused with each other. Adults of S. adustus,



Reef-associated fishes from the offshore reefs of western Campeche Bank, Mexico, with... 93

which are similar in form and color to those of S.diencaeus and are easily confused with
it (see Robertson et al. 2016b), were abundant on reef habitats with well-developed
structure between 0.5-20 m on the five emergent reefs that had such habitat (i.e., all
except the three Bancos).

Neopomacentrus cyanomos (Blecker, 1856). This Indo-Pacific damselfish was lo-
cally common to abundant on all reefs we visited, and was observed in aggregations of
up to ~ 100 individuals (Robertson et al. 2016a).

Pterois volitans (Linnaeus, 1758). This species was uncommon in the shallow
depths at which we dived at all the reefs visited between 2016 and 2018. At Cayo Arcas
in 2016 the group of eight divers recorded <12 individuals (Robertson et al. 2016b).
A similar number was seen by the group of ten divers who worked at 21 different sites
there in 2018. During both the 2016 and 2018 visits a single adult was seen at - 30m
depth on the oil loading platform 1.5 km from the Arcas reef. At Cayo Arenas the
group of seven divers recorded a total less than ten individuals at 38 dive sites visited
during May 2017. During the Tridngulos trip in 2018 23 divers visited 59 dive sites
and noted < 25 individuals in total. At Alacranes Reef on the center of Campeche Bank
lionfish is uncommon in shallow water (DRR pers. obs. 2016), and is more abundant
at depths below 30m (Aguilar-Perera et al. 2016).

Sphyraena barracuda (Edwards in Catesby, 1771). Adults of all sizes and me-
dium to large juveniles were seen on all eight reefs, with large numbers of subadults (an
aggregation of -~ 100 fish, each ~ 70 cm TL on one dive) in the lagoon of the lighthouse
island of Cayo Arenas. A few small (3—5 cm) juveniles were observed associated with
dislodged clumps of macroalgae on the sand bottom of the lagoon on the leeward side
of the lighthouse cay at Cayo Arenas.

Ocyurus chrysurus (Bloch, 1791). This was a common species on all reefs, and
present in scores around the Cayo Arcas oil loading platform (see Robertson et al.
2016b). Adults and larger juveniles were both common, and small, recently recruited
juveniles ~ 5 cm TL were seen in two situations: (i) a few single individuals were noted
with dislodged macroalgae on the 3 m deep floor of the lagoon on the leeward side
of the lighthouse island at Cayo Arenas; and (ii) dozens of individuals associated with
each of several small (1-2 m diameter) patches of coral debris on sand at - 30 m depth
on the seaward side of that same reef.

Lutjanus apodus (Walbaum, 1792). Although this species was not observed at
Cayo Arcas in 2016, several adults were noted in 2018. At Cayo Arenas in 2018 up to
30 adults of various sizes per dive were recorded on several dives. No small juveniles
were seen at either site.

Coryphopterus hyalinus Bohlke & Robins, 1962 and C. personatus (Jordan &
Thompson, 1905). These two small, hovering gobies are very similar in appearance,
and are sufficiently similar that usually they are combined in faunal surveys. They were
abundant in aggregations of up to hundreds of fish hovering within a meter of the
bottom in sheltered habitats on the four emergent reefs abundant and present on the
Bancos. Both species were collected at Cayo Arcas in 2018, and subsequently identified
in the laboratory, and we assume both were present on the other reefs as well.
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Scarus guacamaia Cuvier, 1829. This species was seen on Cayo Arcas reef, in both
2016 and 2018, with ~ 20 small to large adults seen at various different sites on both
occasions. However, because the surveys of each reef during the Tridngulos expedition
were relatively brief, and not specifically aimed at assessing this species, we are uncer-
tain whether this species was present on any of the reefs examined during that expedi-
tion. No individuals of this species were seen at Cayo Arenas.

Scarus coeruleus (Bloch, 1786). This species was invariably observed over low-
energy sandy bottoms, notably in the semi-enclosed lagoons on the western sides of
reefs. It was common at Cayo Arcas, but none of the other reefs.

Discussion

Comprehensiveness of the faunal lists

Small cryptic fishes commonly represent -~ 40% of the reef-associated shorefish faunas
in the neotropics and elsewhere (Smith-Vaniz et al. 2006, Robertson and Smith-Vaniz
2008, Brandl et al. 2018). The most effective way to comprehensively enumerate the
cryptic component of the fish fauna of a reef is with the use of small amounts of anes-
thetics such as clove oil or quinaldine (Robertson and Smith-Vaniz 2010), and small
ichthyocide stations (Smith-Vaniz et al. 2006, Robertson and Smith-Vaniz 2008). The
latter generally are much more effective than anesthetics at dislodging fishes living deep
within the matrices of coralline habitats and allow sampling of larger areas of reef in
single stations: ~ 5-10 m diameter vs < 1 m diameter for anesthetics (Robertson and
Smith-Vaniz 2008, 2010, and see Goatley et al. 2016). However, as in the present case,
use of rotenone often is forbidden by permitting authorities and factors such as cost
and local availability determine which anesthetic (clove oil, quinaldine, quinaldine
sulphate, MS222) is used in any particular study. Use of clove oil produced specimens
of 62 cryptic, reef-associated fish species from the eight reefs we sampled, 26% of the
237 demersal (non-pelagic) fishes we recorded. Cryptic species also represented 35 (74
%) of the 47 species added to the fauna of Cayo Arcas in 2018, and brought the rep-
resentation of such species up to 24% (47) of the demersal fish fauna (199 species) on
that reef. We note however, that the anesthetic stations employed were very small, each
using - 100 ml of 10% clove oil solution delivered by squirt-bottle that affected much
less than 0.25 m? of the surface substratum and superficial crevices. This sampling was
aimed primarily at obtaining specimens for a study of connectivity among reef fish
populations of the southwest Gulf of Mexico and Caribbean Mexico. Due to time
limitations the full variety of types of hard-reef microhabitats and soft-sediment mi-
crohabitats within and bordering reef areas were not comprehensively sampled. Hence
full documentation of the cryptic reef-fish fauna of these reefs has yet to be done. For
example, we collected no ophichthid or congrid eels, no antennariids, gobiesocids, or
callyonymids, only a single syngnathid, and no cuskeels. Thus 24% cryptic species
likely is an underestimate of that component of the Cayo Arcas demersal fish fauna.



Reef-associated fishes from the offshore reefs of western Campeche Bank, Mexico, with... 95

For Cayo Arenas, a reef complex of similar size and form to that at Cayo Arcas, 167
species also seems low, especially given that only 14% (24) of the species currently
recorded from there are cryptic. For Tridngulo Oeste, the reef most heavily sampled
during the 2018 cruise of the Isla Mujeres, the cryptic representation was 31% (41) of
the 132 species, although the total also seems low, even for reef much smaller than the
reefs at either Cayo Arcas or Cayo Arenas. Clearly there is more collecting to be done
before the reef-fish fauna of this area can be classed as comprehensively sampled.

Common species on the study reefs: 1980s vs. 2010s

Table 2 includes information on the relative commonness of species at Cayo Arcas and
Cayo Arenas during either or both of two periods separated by 30+ years. This list in-
cludes species defined as numerically dominant (ie common) at one or both reefs in the
1980s by Gardufio and Chévez (2000) and others that were common to abundant dur-
ing our surveys in 201618 but not present in the 1980s list. Among the 42 common
1980s species only seven were relatively uncommon in the 2010s: Lutjanus apodus,
Haemulon plumieri (Lacepéde, 1801) H. sciurus (Shaw, 1803) and Holacanthus tricolor
(Bloch, 1795) at both reefs, and Anisotremus virginicus (Linnaeus, 1758), Brachygenys
chrysargeum (Giinther, 1859), and Haemulon carbonarium Poey, 1860 at one reef. In
contrast 17 species that were common in the 2010s were not listed among the 1980s
group. All species on both lists, except Halichoeres burekae, are common and widely
distributed inhabitants of Greater Caribbean reefs. Some, but not all, of the differences
between the two lists can be attributed to the use of different methodologies: small
transects used in the 1980s (see Gardufio and Chédvez 2000) are less likely to detect
locally abundant and patchily distributed species than are the wide-ranging “seascape”
visual surveys by us in the 2010s that sampled much larger areas. Exceptions include
all seven species common in the 1980s but not the 2010s. Fishing is an obvious factor
to consider with most of those seven, particularly species like L. apodus. While we often
saw small fishing boats around the reefs during our expeditions they fished during the
day several kilometers or more away from the reefs and only came in to shelter at the
leeward edges of reefs at night. We saw no fish traps during any of our diving surveys,
and the fishing boats were relying on hook-and-line fishing. In addition, the Cayo
Arcas reef-system derives a measure of protection from fishing by being in a security
exclusion zone, due to its close proximity to major offshore oil installations. However,
L. apodus is a nocturnally active species that uses shallow reef habitats as resting sites
during the day and migrates distances of up to at least several km away from those reefs
to feed at night (Nagelkerken 2009, Hitt et al. 2011, Friedlander et al. 2013). Such
diurnal migrations could make it susceptible to off-reef fishing, which could affect
populations sheltering on small reefs (cf. Halpern 2004). Differences in methodology
could account for some of the species that were common in the 2010s not being so
in the 1980s. However, there are some obvious exceptions to that possibility: Stegastes
adustus, H. burekae, Scarus iseri (Bloch, 1789) and Sparisoma aurofrenatum (Valenci-
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Table 2. Relative abundance of fishes classified as dominant species on Cayo Arcas and Cayo Arenas
during 1984-86 by Garduno (1988) as reported in Chdvez and Beaver (2007) and our own observations
on the same reefs in 2016-18.

Species Arenas 2017 Arenas 1980s Arcas 2016-18 Arcas 1980s
HOLOCENTRIDAE
Holocentrus rufus * C YES O YES
SERRANIDAE
Cephalopholis cruentata C C
Cephalopholis furcifer LC C
Epinephelus adscensionis O C
Epinephelus guttatus * O YES C YES
Serranus tigrinus * C YES C YES
GRAMMATIDAE
Gramma loreto * LC YES C YES
CARANGIDAE
Caranx ruber LA YES LC YES
LUTJANIDAE
Lutjanus apodus (@] YES U YES
Lutjanus griseus * C C
Lutjanus mahogoni C O
Ocyurus chrysurus * A YES A YES
HAEMULIDAE
Anisotremus virginicus - YES LC YES
Brachygenys chrysargyreum * - YES LC YES
Haemulon aurolineatum * LC YES C YES
Haemulon carbonarium R YES U YES
Haemulon flavolineatum * C YES C YES
Haemulon plumierii * - YES U YES
Haemulon sciurus R YES U YES
Haemulon vittatum * C YES LC YES
MULLIDAE
Mulloidichthys martinicus * C C YES
PEMPHERIDAE
Pempheris schomburgkii * LC YES LC
KYPHOSIDAE
Kyphosus sectatrix C C
Kyphosus vaigiensis C C
CHAETODONTIDAE
Chaetodon ocellatus C C
Chaetodon sedentarius C C
POMACANTHIDAE
Holacanthus tricolor * R YES R YES
Pomacanthus paru * O YES LC YES
POMACENTRIDAE
Abudefduf saxatilis * A YES A YES
Chromis cyanea * LC YES LC YES
Chromis multilineata * A YES A YES
Chromis scotti C C
Microspathodon chrysurus * C YES C YES
Stegastes adustus A A
Stegastes leucostictus * LC LC
Stegastes partitus * A YES A YES
Stegastes planifrons * (0] YES A YES
Stegastes xanthurus * C YES A
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Species Arenas 2017 Arenas 1980s Arcas 2016-18 Arcas 1980s
LABRIDAE
Clepticus parrae * A YES LC YES
Halichoeres bivittatus A A
Halichoeres burekae A A
Halichoeres garnoti * C YES C YES
Halichoeres maculipinna * A YES C YES
Halichoeres radiatus * - C
Thalassoma bifasciatum * A YES A YES
SCARIDAE
Scarus coeruleus * U YES C YES
Scarus iseri C C
Scarus taeniopterus * C YES C YES
Scarus vetula * A YES C YES
Sparisoma aurofrenatum * LC C
Sparisoma chrysopterum A YES O YES
Sparisoma rubripinne LC LC YES
Sparisoma viride * C YES C YES
ACANTHURIDAE
Acanthurus chirurgus C YES C YES
Acanthurus coeruleus * A YES C YES
Acanthurus tractus * A YES C YES
SPHYRAENIDAE
Sphyraena barracuda * A O
BALISTIDAE
Melichthys niger LC YES LC
TETRAODONTIDAE
Canthigaster rostrata * C YES C YES

Notes: * Asterisk after species name indicates specimen and/or tissue specimen was cataloged in UMSNDH collec-
tion. Habitat: R = demersal on reef, SB = demersal on soft bottom, P = pelagic, BP = benthopelagic, C = cryptic, SC =
semicryptic (more visible than cryptic species). Ranked abundance on reefs (see methods for details): A = abundant;
C = common, widespread; LC = locally common; O = occasional; U = uncommon; R = rare; P = present but no data on
abundance; blank = not recorded on a particular reef or quadrat. No. reefs = no. reefs on which a species was recorded
by us; 2018 superscript: species recorded by us in 2018 but not 2016. No. species per quadrat: a (b) = total no. species
in quadrat (no. species in quadrat that were not recorded by us on any reef).

ennes in Cuvier and Valenciennes, 1840) all of which are common throughout a wide
range of habitats today and are susceptible to being counted in transects. Halichoeres
burekae was exceptionally abundant and widely distributed across a range of habitats in
the 2010s. Although this species was not described and named until 2007 there are no
references made to any species similar to it (e.g., Halichoeres pictus) in the 1980s. There
is no obvious reason why there was no mention of these four species in the 1980s.

“Mangrove/seagrass nursery species” of reef fishes at isolated Greater Caribbean
reefs that lack adjacent nursery habitat(s)

A series of studies have developed around the hypothesis that certain common species
of reef fishes in the Greater Caribbean use mangroves and seagrass beds as nurseries
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(hereafter nursery-species) and are sufficiently reliant on one or both of those as nurs-
ery habitats that their local abundances reflect the local availability of those nursery
habitats adjacent to reefs (e.g., Nagelkerken et al. 2000, 2017, Serafy et al. 2003,
Dorenbosch et al. 2004, 2006, 2007, Halpern 2004, Mumby et al. 2004, Scharer et al.
2007, Scharer 2009, Jones et al. 2010, Claydon et al. 2015). Those studies have relied
primarily on examination ofreef areas that contain such habitats, in either variable
amounts or at varying distances from local reefs within large reef complexes. However,
a few studies have examined nursery-species at locations that lack mangroves but have
seagrass beds (Scharer 2009; Aguilar-Perera and Herndndez-Landa 2017).

Below we summarize information on the occurrence and, in some cases, abun-
dance of 16 species of reef-fishes commonly regarded as nursery-species in the faunas
of various isolated Caribbean reefs that lack mangroves, and, in some instances, sea-
grass beds. Campeche Bank offshore reefs are among them.

Campeche outer bank reefs. Table 3 contains information on the abundances of
nursery-species on West Campeche reefs (no mangroves or seagrasses) and Alacranes reef
(seagrasses only). Of those, all are common on Alacranes except Lutjanus apodus and
Scarus taeniopterus (Lesson in Bory de Saint-Vincent, 1829). Eight species are common
on West Campeche reefs, including Scarus taeniopterus, one (Haemulon parra (Des-
marest, 1823)) is absent on West Campeche reefs and the remaining six are uncommon.
The vast area (- 100,000 km?*) of Campeche bank is relatively shallow, with depths of
30-50 m in most parts. Inter-reef areas comprise a mixture of soft bottoms and small
patches of coral and sponges (Hedgpeth 1954, Logan et al. 1969). Bycatch from shrimp
trawlers working on soft bottoms on the part of Campeche bank south of the study reefs
that were recorded by Hildebrand et al. (1964) included three of the 16 nursery species:
Lutjanus griseus (Linnaeus, 1758), Ocyurus chrysurus, and Haemulon plumieri.

Veracruz (Mexico) coastal reefs. Published checklists are available for seven coast-
al reefs in the northern part of Veracruz state. Of those reefs six are emergent and one
submerged, none have mangroves and only two of the emergent reefs have seagrass
beds (Table 4). Those reefs vary in their degree of isolation from the mainland coast
and from each other. Mexican government chart SM 030 indicates those reefs are all
on the continental shelf in water less than ~ 50 m deep, 5-20 km from the coast. The
nature of the inter-reef bottoms in that area is unclear. Gonzalez-Gandara (2014) used
an extensive set of surveys to define the fish fauna of Blake Reef, a small (2.5 km long)
submerged (minimum depth 9 m) reef that is isolated from both the shore and emer-
gent reefs (20 km from the shore, 36 km from the nearest emergent reef). That reef
lacks both seagrasses and mangroves, and the top surface is a plain covered with boul-
ders, corals and sponges (C Gonzélez-Gdndara pers. comm. to DRR 2018). Of the 16
nursery species, only four are not listed at Blake Reef (Table 4). On the six emergent
reefs (Gonzdlez-Gdndara et al. 2012, 2013) the only nursery species that were absent
on all but one reef were Haemulon parra and H. sciurus.

Flower Garden Banks. These banks are two submerged patches of coral reef locat-
ed 180 km offshore from the coast of Texas, on the continental shelf. Minimum depth
is 17 m, the banks are surrounded by water >50 m deep, and there are no seagrasses or
mangroves. Mufioz et al. (2017) found seven nursery species present during quantita-
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Table 3. Sixteen species of common Greater Caribbean reef-fishes thought to be reliant on mangroves

and seagrass beds as near-reef nursery habitats, and their general abundance on the west Campeche study

reefs and Arrecife Alacranes.

Species Mangroves  Seagrass W Campeche Alacranes
Mangrove & seagrass present? Neither Seagrass
Lutjanus analis ++ ++ Rare Common
Lutjanus apodus ++ + Occasional Uncommon
Lutjanus griseus ++ ++ Common Common
Lutjanus mahogoni ++ ++ Locally Common Common
Ocyurus chrysurus 4 4 Abundant Abundant
Haemulon flavolineatum 4 4 Common Common
Haemulon parra 4 + Absent Common
Haemulon plumieri 4 4 Occasional Common
Haemulon sciurus ++ ++ Uncommon Common
Chaetodon capistratus ++ + Occasional Common
Scarus coeruleus + + Locally common Common
Scarus guacamaia ++ Uncommon Common
Scarus iseri + ++ Common Abundant
Scarus taeniopterus ++ + Common Uncommon
Acanthurus chirurgus + + Common Common
Sphyraena barracuda ++ + Common Common

Notes: ++ indicates strong dependency, + weaker dependency. Sources: Usage of seagrass and mangroves as reef fish
nurseries: Nagelkerken et al. 2000a, b, 2001, 2017; Cocheret de la Moriniere et al. 2002; Nagelkerken and van der
Velde 2003; Halpern 2004; Mumby et al. 2004; Dorenbosch et al. 2004, 2006, 2007; Verweij et al. 2008; Nagelkerken
2009; Scharer 2009, Machemer et al. 2012, Harborne et al. 2015, Serafy et al. 2015. Claydon et al. 2015. W Cam-
peche: a summary of results presented here. Fishes of Alacranes reef: Gonzdlez-Gdndara and Arias-Gonzdlez 2001,
abundance based on observations by DRR during dives at 23 different sites at Alacranes reef during May 2016.

Table 4. Sixteen mangrove/seagrass nursery-fishes present at reefs lacking mangroves, and, in some cases,

seagrasses, on the continental shelf near Tuxpan, Veracruz, Mexico.

Species Lobos Medio  Blanquilla  Blake Tanhuijo  Enmedio  Tuxpan
Submerged/Emergent  Emergent  Emergent  Emergent  Submerged Emergent  Emergent  Emergent
Mangrove/Seagrass No/Yes No/No No/No No/No No/No No/No No/Yes
D o s 75 5 20 10 10 13
Fish Species
Lutjanus analis Yes Yes Yes
Lutjanus apodus Yes Yes Yes Yes Yes Yes
Lutjanus griseus Yes Yes Yes Yes Yes Yes Yes
Lutjanus mahogoni Yes Yes Yes Yes Yes Yes
Ocyurus chrysurus Yes Yes Yes Yes Yes Yes Yes
Hue@ulon Yes Yes Yes Yes Yes Yes Yes
Sflavolineatum
Haemulon parra Yes
Haemulon plumieri Yes Yes Yes Yes Yes Yes Yes
Haemulon sciurus Yes
Chaetodon capistratus Yes Yes Yes Yes Yes Yes
Scarus coeruleus Yes Yes Yes
Scarus guacamaia Yes Yes Yes Yes Yes
Scarus iseri Yes Yes Yes Yes Yes Yes Yes
Scarus taeniopterus Yes Yes Yes Yes Yes Yes Yes
Acanthurus chirurgus Yes Yes Yes Yes Yes Yes Yes
Sphyraena barracuda Yes Yes Yes Yes Yes Yes

Sources: Gonzilez-Gdndara et al. 2013, Gonzdlez-Gdndara 2014
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tive surveys, four of them moderately common (Table 5). For most of the nursery spe-
cies not recorded by those authors or by the Flower Garden Bank MPA website, these
banks were either out of or at the latitudinal limit of their geographic range, and hence
the species would not likely be common enough to be registered by Munoz et al. (2017)

Navassa Island. This 3.5 km-long island has a narrow fringing reef and rises
abruptly out of deep water between Haiti and Jamaica. It is 57 km from land and sepa-
rated from the shelf around Hispaniola by 35 km of deep (>1000 m) water. Almost the
entire reef is 25 m or deeper. Navassa has no mangroves or seagrass beds, but does have
substantial stands of macroalgae. The island’s limited reef area likely is overfished by
subsistence fishers from Haiti (Miller 2002, Sandin 2002). Ten nursery species are pre-
sent at the island, most of them common (Table 5). Although there are few haemulids
and lutjanids at this island, two nursery species dominated the biomass of carnivores at
the beginning of the 2000s: Lutjanus apodus and Sphyraena barracuda.

Mona Island. Mona Island is a 10 km long island that arises precipitously out
of deep water, has a narrow shallow fringing reef, no mangroves in the sea and only
~ 1 km? of seagrass, in beds or mixed with rubble, corals, bedrock and sand patches
(Scharer 2009). Located in the channel between Hispanola and Puerto Rico, this is-
land is separated by 6070 km from those two large mangrove bearing islands. Scharer
(2009) examined habitat usage and various aspects of the ecology of the reef-fish fauna,
focusing in particular on ontogenetic changes in habitat usage by nursery species. Of
the 16 nursery species, seven were common, seven were uncommon, and two were ab-
sent (Table 5). Abundances of three nursery species are of particular interest: Lutjanus
apodus and Lutjanus mahogoni (Cuvier in Cuvier and Valenciennes 1828) were com-
mon, and Haemulon parra was moderately common (Scharer 2006). Scharer (2009)
and Scharer et al. (2007) found that nursery habitat usage by eight common species
for which sufficient data were available for analysis had the following characteristics:
nursery habitats typically were shallow; the smallest juveniles were concentrated in
seagrass habitats, although most also used hard bottoms; juveniles expanded the range
of nursery habitats they used as they grew.

Saba Bank. This large (2,200 km?) submerged coralliferous bank that lacks both
seagrass and mangroves is separated by a narrow (several km) stretch of deep water
from Saba Island, 6 km away. Minimum depth of the bank is -~ 11 m. There are no
mangroves on Saba Island and the only seagrasses there are small patches of Syringo-
dium. Toller et al. (2010) and Williams et al. (2010) documented the reef-fish fauna
of Saba bank, where 11 nursery-species are present, six of them common (Table 5).

Swan Islands. This doublet of islands is situated in deep water 170-180 km off-
shore from Honduras and the nearest emergent reefs. The area of shallow reef is - 8X3
km, and neither island has mangroves. Whether or not there are seagrasses is unclear.
The only known survey of the reef-fishes of that island is by AGRRA (http://www.
agrra.org/), which uses counts of fishes on small transects, which are likely to miss
large, mobile, wide ranging species that avoid divers. That survey, which was made
in 2013, and is far from complete, listed 64 species, including 12 of the 16 nursery
species (Table 5).


http://www.agrra.org/
http://www.agrra.org/

Reef-associated fishes from the offshore reefs of western Campeche Bank, Mexico, with... 101

Table 5. Occurrence of 16 mangrove/seagrass nursery-fishes at isolated, emergent, and submerged reefs
in the northern Gulf of Mexico and the Caribbean that lack mangroves, and, in some cases, seagrass

nursery habitats.

Species Mona IslaNC  Swan Island Flower Garden BankS SabaBaNk Navassa Island
On continental shelf? No No Yes No No
Isolation distance (Km) 60 170 180 30* 35
Submerged/Emergent Emergent Emergent Submerged Submerged Emergent
Mangrove/Seagrass No/Yes No/No No/No No/No No/No
Fish Species
Lutjanus analis Uncommon (Out of range)
Lutjanus apodus Common Present Present (Limit of range) ~ Present Common
Lutjanus griseuS Uncommon Common
Lutjanus mahagoni Common present Uncomrrx;(:lx;e()hmlt of Common
Ocyurus chrysurUS Uncommon present Uncommon Present Uncommon
Haemulon flavolineatum Common Present (Out of range) common Uncommon
Haemulon parrd Common (Limit of range)
Haemulon plumieli Uncommon present Uncommon Common
Haemulon sciurus Uncommon Present (Out of range) Uncommon
Chaetodon capistratuS Common Present (Limit of range) Present Uncommon
Scarus coeruleUS (Out of range) Uncommon
Scarus guacamaia Present Present (Out of range) Present
Scarus iserl Common present Common (Limit of Common Uncommon
range)
. Common (Limit of
Scarus taeniopterus Common present range) Common Uncommon
Acanthurus chirurguS Uncommon present Common Common Uncommon
Sphyraena barracuda Uncommon present Present Common Common

Sources: Mona — Scharer (2009) and see species account; Swan — Aggra (2013); Flower Garden Banks — Mufioz et al.
(2017) and https://flowergarden.noaa.gov/about/fishlist.html; Navassa — McClellan & Miller (2002), Collette et al.
2003; Saba — Toller et al. 2010 (abundance data), Williams et al. 2010 (presence/absence)(* Saba Island, 6 km from,
and separated by several kilometers of very deep water from Saba Bank, lacks mangroves and 7halassia, and the nearest
location with 7halassia is St. Eustatius island, 30 km from that bank). Out of range: site is outside the geographic range
of the species. Limit of range: site is at or near latitudinal limit of the geographic range of the species.

Individual nursery-species accounts (composites from island-fauna accounts)

Lutjanidae. Lutjanus analis (Cuvier in Cuvier and Valenciennes, 1828) uses a variety of
habitats as nursery habitat (Lindeman et al. 2016a), in addition to mangrove and sea-
grasses. It varies from being absent to common on reefs lacking nearby mangroves (Ta-
bles 3-5), and generally is rare to absent on reefs without both mangroves and seagrass
beds, indicating it may well be dependent on such habitats as nurseries. Juveniles of L.
apodus, another “mangrove-dependent” nursery species, also use rocky habitat as nurs-
ery (Lindeman et al. 2016b). It is sometimes common at sites without mangrove that
have seagrasses, which also is used as nursery habitat (Hildebrand et al. 1964), and can
be present in significant numbers at sites without either habitat (Tables 3—5). Halpern
(2004) suggested that the population at Navassa Island was maintained by immigration
from Haiti. However, this is extremely unlikely given the large distances involved; the
fact that Lutjanus apodus is a demersal species not known to extend below 156 m, and
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that most of the distance between Hispaniola and Navassa is very deep water. Lutjanus
griseus is another nursery species, the juveniles of which also use estuaries (Lindeman et
al. 2016¢). It is common at isolated reefs on the continental shelf that lack mangroves,
and in some cases, seagrasses, but is absent on most isolated oceanic reefs lacking such
habitat (Table 3—5). Which habitats are crucial for producing this distribution pattern
is far from clear. Lutjanus mahogoni is thought to be weakly dependent on nursery
habitats, and can be common at sites without either nursery habitat. Ocyurus chrysu-
rus uses a variety of microhabitats as nurseries, including hard bottom, in addition to
mangroves and seagrass beds (Lindeman et al. 2016d, Hildebrand et al. 1964). Large
areas of inter-reef substrata scattered over the 100,000+ km? of Campeche Bank that
have small patches of rubble microhabitat we saw used by this species as nursery could
sustain large populations of this species on the small shallow and emergent reef areas
lacking mangroves or seagrasses along the western edge of Campeche Bank. Lutjanids
are also known to migrate appreciable distances over shallow shelf habitats, as much as
65 km in the case L. griseus (see Nagelkerken 2009). Such relocation across shallow shelf
areas, particularly those with stepping-stone patches of submerged reefal habitat, such
as sponges (Hedgepeth 1954, Hildebrand et al. 1964), could account for populations
of this species on on-shelf reefs far from nursery habitat, at least 180 km in the case of
the Flower Garden Banks. Known diel movements of L. apodus and L. analis to off-reef
habitats from daytime resting areas on emergent reefs are much shorter, on the order
of < 10 km (Hitt et al. 2011, Friedlander et al. 2013), but a capacity for such activity
could be sufficient to provide connectivity across shallow shelves that have scattered
patches of submerged reefal habitats (e.g., sponge beds), or increase the susceptibility
of fish observed on reefs during the day to fishing some distance away from those reefs.

Haemulidae. Haemulon flavolineatum (Desmarest, 1823) is common on all reefs
within its geographic range, regardless of the mangrove/seagrass status of those reefs
(Tables 3—5). Haemulon parra, which is classed as seagrass-dependent for nursery habi-
tat (and see Hildebrand 1964), appears to be one of the few species that typically is
absent on reefs lacking such habitat (Tables 3—5). Haemulon plumieri has been classed
as mainly mangrove dependent (Table 3), but commonly uses shallow hard bottoms
and seagrass beds as nurseries (Lindeman et al. 2016e). It is found, often commonly,
on reefs without either mangroves or seagrass beds. Haemulon sciurus has been classed
as mainly mangrove-dependent, but also using seagrass and hard-bottoms as nursery
habitat (Table 3). It is present on reefs lacking mangroves, but uncommon to absent
on those without seagrass beds (Tables 3-5). Information available on the mobility of
grunts such as H. flavolineatum, H. plumieri, and H. sciurus, indicates that they range
over relatively short distances, < 5 km (Friedlander et al. 2013). Whether or not this
capacity for mobility is sufficient to allow grunts to move across large distances of shelf
between the shore and isolated on shelf reefs is unclear. Perhaps it does for H. plumieri,
which is trawled in inter-reef areas on Campeche Bank where unnamed, submerged
coral and sponge patches are common.

Chaetodontidae. Chaetodon capistratus Linnaeus, 1758 has been classed as man-
grove-dependent (Table 3), but is present, sometimes common, on reefs without
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mangroves, and, in some cases, without seagrasses. This species evidently is capable of
maintaining significant local populations using other nursery habitats.

Scaridae. Scarus coeruleus has sometimes been classed as mangrove/seagrass nurs-
ery dependent (Table 3). Its adults typically feed on low-energy sandy bottoms (Rocha
et al. 2012, DRR pers. obs.). It does occur, sometimes commonly, on isolated reefs
lacking one or both nursery habitats, and its occurrence may also be influenced by the
availability of suitable sandy habitat for adults.

The Rainbow parrotfish, Scarus guacamaia, which reaches 120 cm TL, is the largest
parrotfish in the Greater Caribbean. It is typically observed in small groups or schools
that roam over large areas (Mumby et al. 2004). It is typically seen feeding in shal-
low reef-edge habitats, including intertidal areas, in water < 5 m deep (Claydon et al.
2015, Herndndez and Aguilar-Perera 2018, DRR pers. obs.), although its depth range
extends down to at least 55 m (MT Scharer pers. comm. December 2018). This iconic
reef-fish is thought to be strongly reliant on mangroves as nursery habitat (Mumby
et al. 2004, Claydon et al. 2015, and see studies cited in Table 2), to the extent that
removal of mangroves can result in local extinction (Mumby et al. 2004).

Various studies of the habitat distributions of different size classes of S. guacamaia
elsewhere have indicated that (i) juveniles observed in mangroves usually are ~ 10-20
cm (range 5-60 cm)TL (Dorenbosch et al. 2006; Nagelkerken and Van der Velde 2003,
Nagelkerken 2009, Sefay et al. 2003, Jones et al. 2010, Claydon et al. 2015) and that
the smaller numbers of juveniles seen in seagrasses near mangroves are somewhat larger
than those in mangroves (Nagellkerken et al. 2002, 2009), indicating a shift from man-
groves to seagrasses during development. None of those papers provided information on
nursery habitats used by juveniles smaller than ~ 5 cm. More recently, however, Aguilar-
Perera and Herndndez-Landa (2017) observed juveniles 5-10 cm TL in shallow coral-
rubble habitat on the reef top at Alacranes reef on Campeche bank, as well as adults and
substantial schools of large juveniles on that reef. Those authors pointed out that juvenile
Scarus guacamaia are not known from the nearest mangroves along the Gulf coast of
the Yucatdn peninsula, that the nearest coral reefs with adjacent mangroves are 300 km
away. They proposed that the Alacranes population of this species is self-sustaining in
the absence of mangrove habitat. Although, as noted above, there is one small patch of
mangroves associated with a pond at the southeast corner of Isla Perez at Alacranes reef
(Tunnell and Chapman 2001), due to its tiny size (- 0.1 ha) and semi-isolated status
that patch is unlikely to act as a significant piece of reef-fish nursery habitat. Long before
Aguilar-Perera and Hernandez-Landa’s (2017) observations, Hildebrand et al. (1964)
collected even smaller juveniles (3—4 c¢m) of this species in the extensive 7halassia beds at
Alacranes reef using push nets, and considered those beds to be nursery habitat for this
species. These two studies show that, on mangrove-free reefs, adequate nursery habitats
for S. guacamaia can be present in the form of seagrass beds for the smallest juveniles after
pelagic larvae recruit there, with shallow rocky habitats acting as secondary nursery habi-
tat for somewhat larger juveniles that typically are seen in mangroves at other locations.

Claydon et al. (2015) examined the distribution of S. guacamaia on shoreline reefs
at Bonaire, under the assumption that use of mangrove nurseries is obligatory for this
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species and the only nursery habitat of importance at that island. They found substan-
tial densities of adults as much as 42 km from the nearest mangroves and assumed they
had migrated such distances along the continuous shallow coastline reef. They also
found very low densities of this species at a small, mangrove-free island (Klein Bonaire)
separated from Bonaire by < 1km of water that has minimum depths of 80 m, and
concluded that this was due to lack of immigration from Bonaire.

This species is now known to occur in appreciable numbers at a variety of isolated
sites that lack mangroves and, in some cases seagrasses. This includes Cayo Arcas (150
km from the mainland shore), which, like other small, west Campeche emergent reefs,
has many reef habitats found on Alacranes reef. If the population of S. guacamaia at
Alacranes is self-recruiting then the assumption that that is the case with the Cayo Ar-
cas population is reasonable. The small size of individual West Campeche reefs could
make it difficult to sustain populations of large, low density species like S. guacamaia,
and account for the apparent absence of this species on Cayo Arenas. The alternative
to juvenile recruitment onto Cayo Arcas would be very long-distance migration, as
the nearest reefs with adjacent mangroves are 350 km away in Veracruz state, while
Alacranes reef is 330 km from Cayo Arcas, and 170 km from Cayo Arenas.

Scarus guacamaia also occurs on other emergent and submerged reefs lacking man-
groves and, in some cases, seagrasses that are situated on the continental shelf but
located away from the shoreline in Veracruz state, in the southwest Gulf of Mexico
and in Venezuela. In Venezuela this species occurs at three archipelagos of small, rocky
islands that lack structural coral reefs and mangroves, and in some cases seagrasses, that
are found on the continental shelf off the coast of Venezuela. At each archipelago small
groups (- 6 fish) of adults were seen by DRR at multiple dive sites: Los Monjes at the
mouth of the Gulf of Venezuela, 35-40 km from the shore of the Guajira Peninsula
Colombia (DRR pers. obs. 2008), Los Frailes, 13 km from mangrove-bearing Isla
Margarita (DRR pers. obs. 2005), and Los Testigos, - 70 km from both Los Frailes and
the shore of the Paria Peninsula (DRR pers. obs. 2006). Depths of the shelf between
those islands and the mainland are ~ 30-50 m. While at Isla Margarita in 2005 DRR
saw a large adult (- 1 m TL) of S. guacamaia that had been freshly caught be a shrimp
trawler in shallow water ca. 1.5 km offshore from that island. This indicates that adults
of this species do sometimes move through inter-reef areas of soft bottoms, although
how far from reef habitat that individual was caught is not clear. The known depth
range of S. guacamaia extends down to 55 m (MT Scharer, pers. comm. to DRR, De-
cember 2018). Hence, while it is feasible for a large species like S. guacamaia to have
migrated to those isolated reefs across shallow shelf areas that seems unlikely: it would
require that a species that prefers very shallow coral-reef habitat disperses tens of kilo-
meters across unusable habitat and does so in large enough numbers for appreciable
numbers of fish to find their way to tiny, isolated patches of non-coral habitat: the Los
Monjes islands are all <1 km in diameter, the Frailes < 2 km, and the Los Testigos all
< 5 km in maximum dimension. Larval recruitment to those islands, and to all other
similarly isolated islands and reefs on the continental shelf that lack nearby mangroves
seems much more likely.
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Migration from sites that have nursery habitats to reefs isolated by deep water is
even less likely than long-distance trans-shelf movements with larval recruitment the
most likely source sustaining populations at such sites. Scarus guacamaia also is now
known from sites scattered around the Caribbean that lack mangroves and, in some
cases, seagrass beds and are isolated by deep water from the shelves of the nearest land
that has such habitat: While there were no Scarus guacamaia in transect surveys made
by Scharer et al. (2007) at Mona Island, fishers previously speared this species in shal-
low water there (M Scharer pers. comm. December 2018), and it has been observed at
Monito Island, a 0.5 km diameter islet separated from Mona by 5 km of water ~ 50m
deep. It also occurs at nearby Isla Desecho, which lacks both mangroves and seagrasses
and is isolated by deep water, 40 km from Puerto Rico, and at Bajo Sico (neither nurs-
ery habitat), a submerged bank that rises to within 20m of the surface and is isolated
by a 5 km stretch of 190 m-deep water from the shallows of the Puerto Rico shelf, and
is 27 km from the nearest mangroves on that island (MT Scharer pers. comm. to DRR,
December 2018). Other isolated sites in deep water that lack mangroves and seagrasses
and at which this species is now know include Navassa Island and Saba Bank, as well as
Swan Island, which lacks mangroves. S. guacamaia is listed as Near Threatened by the
IUCN Red List (Choat et al. 2012), due in part to loss of mangrove habitat through-
out its geographic range. However, while recruitment to non-mangrove habitats has
been established, and is sufficient to maintain a substantial population on a large reef
like Alacranes reef, the general significance of such an ability for maintenance of popu-
lations of this species are unknown. Large-bodied parrotfishes such as this occur at
much lower population densities than small-bodied species and large areas of habitat
for both juveniles and adults likely are necessary for maintaining isolated populations.
Alacranes reef, which has a surface area of - 300 km?, provides such an area.

According to Mumby et al. (2015) the extinction of S. guacamaia on Glovers Reef
(a 350 km?atoll isolated by 20 km of deep water from the shelf edge Barrier Reef of Be-
lize) in the 1970s was most probably due to the removal of mangroves there, although
the species also was heavily fished during the mangrove-removal period. This atoll has
huge areas of seagrass (>100 km?; Strindberg et al. 2016). However, the atoll has only
five tiny (combined area <25 ha) sand cays, some of which once supported mangroves
and the total area of mangroves prior to their removal to facilitate human habitation on
several of those cays must have been tiny. Censuses in 2007 and 2017 indicate that this
species has subsequently remained rare on that reef (A Tewfik, pers. comm. to DRR
January 2019). Given what we now know about the ability of the rainbow parrotfish
to maintain a population on mangrove-free Alacranes reef by using seagrass and rubble
banks as nursery habitat, overfishing of a once self-recruiting population seems more
likely than mangrove-loss to account for its demise and subsequent rarity.

To date studies of the relationship between S. guacamaia populations and abun-
dance of nursery habitat have focused largely on mangroves as nurseries, and been based
on observations alone (Mumby et al. 2004, Machemer et al. 2012, Claydon et al. 2015,
and see other studies cited in Table 3). Future studies of nursery habitats of this species
necessarily should involve examination and active collections aimed at small juveniles
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hidden in seagrass beds (cf. Hildebrand et al. 1964), and include observations and col-
lections in other habitats, such as shallow rubble banks now known to be used by small
juveniles. Comparison of densities of S. guacamaia in areas with and without seagrasses
and mangroves are also needed, to assess the population impact of such nursery habitats,
taking into account the likely effects of reef-size, and the extent of preferred, emergent
habitat for adults on sizes of populations of a large, highly mobile, low density species.
Correlational studies focused on the relationship between variation in abundances of
mangroves and S. guacamaia at the regional level (e.g., Serafy et al. 2015) need to be
revisited, incorporating variation in the abundance of both seagrasses and mangroves.

Scarus iseri has been classed as strongly dependent on seagrasses for nursery habi-
tat (Table 3, and see Rocha et al. 2012, Hildebrand et al. 1964). It is ubiquitous, and
typically common, on isolated reefs regardless of the presence or absence of both nurs-
ery habitats. Scarus taeniopterus, which is thought to be somewhat dependent on both
mangroves and seagrass beds (Table 3), also is ubiquitous, and often common, on iso-
lated reefs in the region that lack mangroves, and often seagrass beds. These two small
parrotfishes evidently maintain significant local populations without mangroves or sea-
grasses. What habitats they use as nurseries in such situations remains to be determined.

Acanthuridae. Acanthurus chirurgus (Bloch, 1787) has been considered a nursery
species that uses other nursery habitats as well as mangroves and seagrasses. This species
occurs on all the reefs we considered here, although it is not as common as the other
two members of its genus, which are not considered to be nursery species. There is no
clear evidence that availability of mangrove or seagrass has any strong influence on its
abundance across different reef systems.

Sphyraenidae. Sphyraena barracuda. This pelagic species is thought to be man-
grove-nursery dependent but also uses seagrass beds (Aiken et al. 2015). It ranges
widely across expansive continental shelves, such as that on the west side of Florida,
and travels hundreds of kilometers in the open ocean (Hansen and Kerstetter 2015),
where it is taken as bycatch by tuna purse-seiners (e.g., Torres-Irineo et al. 2014). Sea-
grass beds acting as nurseries could support populations on reefs that lack mangroves,
including Alacranes reef (see Hildebrand et al. 1964). However, adult dispersal of this
large, mobile pelagic fish can account for its occurrence at all isolated locations that
lack both nursery habitats, including submerged banks and reefs isolated by deep water
from shallow areas containing such habitats (Tables 3-5).

Conclusions about reliance on mangroves and seagrasses as nursery habitats.
Even though abundances of the 16 nursery species vary on reefs that have both nurs-
ery habitats adjacent to them, patterns of occurrence at isolated shallow reefs that
lack mangroves and, sometimes, seagrasses indicate that distributions of only three
of 16 nursery species of reef fishes on different reefs are consistent with their being
highly dependent on such habitats. Those three are Haemulon parra, H. sciurus, and
Lutjanus griseus, which appear to be dependent on seagrass beds as they are lacking on
oceanic reefs without such habitat that are also isolated by deep water from immigra-
tion. Lutjanus griseus evidently has the ability to migrate long distances from shoreline
nurseries to isolated reefs on continental shelves. We recognize that the information
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on abundances of others of those species that we presented here is relatively crude,
and preliminary. Whether the density of populations of the other 13 nursery-species
is lower on reefs lacking those nursery habitats remains to be determined, through use
of similar methods of quantification of their abundances across a range of reef types.
Conclusions of a number of previous studies that have focused on the dependency
of Caribbean nursery-species on mangroves or seagrasses are limited in a number of
ways: (i) They sometimes have been too narrowly focused on mangroves, rather than
including seagrasses and other potential nursery habitats (but see Scharer 2007, 2009,
Scharer et al. 2016) and (ii) have not attempted to examine reef systems that lack one
or both nursery habitats, particularly reefs that are sufficiently isolated by deep water
that immigration to them is highly unlikely (but see Scharer 2007, 2009, Scharer et
al. 2016). (iii) All those studies have relied exclusively on observations rather than also
employing specimen collections to enable accurate identification of newly recruited
fishes (cf. Hildebrand 1964) and quantification of their abundance in different po-
tential nursery habitats. Some reefs have both mangrove and seagrass habitats, others
have seagrasses but no mangroves, but none likely have mangroves but not seagrasses
as conditions sheltered enough to allow mangrove development invariably also allow
seagrass development. This limits our ability to separate the relative influence of each
of those two nursery habitats. Finally, the role of macroalgal beds as nursery habitat
for Caribbean reef fishes thought to be reliant on mangroves and seagrasses needs
evaluation. Eggertsen et al. (2017) found much higher densities of juvenile reef fishes,
including some of the “nursery species” discussed here, in macroalgal beds than in
beds of Shoal grass adjacent to Brazilian reefs (see also Evans et al. 2014, Tano et al.
2017). On the west Campeche reefs a number of reef fishes commonly seen elsewhere
in seagrass beds were found associated with macroalgae: Xyrichtys splendens, Sparisoma
atomarium (Poey 1861), S. radians (Valenciennes in Cuvier and Valenciennes 1840), as
well as small juveniles of Sphyraena barracuda and Ocyurus chrysurus. Macroalgal beds
clearly have the potential to act as suitable habitat for juveniles and adults of a number
of reef fishes that commonly use seagrass beds.

While the reefs examined in the present study indicate that none of the 16 nursery
species have an obligatory or even strong reliance on mangroves as nursery habitat,
and that only a few may be strongly reliant on seagrasses, this does not invalidate the
conclusions of previous studies of the importance of those habitats at sites for which
the mangrove-nursery hypothesis was developed: Curacao and Bonaire. Those two is-
lands rise abruptly from deep water and have only a very narrow rim of steeply sloping
coral reef around their edges, with no sheltered habitat other than in large, peripheral
inlets that contain mangroves and seagrasses. It may well be that those inlets provide
all or nearly all suitable sheltered nursery habitat for S. guacamaia and some of the
other nursery species on those islands. However, isolated reefs such as Alacranes reef
(and Glover’s reef) are very different as it comprises a large, ~ 300 km?* oval of reef and
shallow lagoon that host large areas of seagrass and shallow rocky substrata, with only a
few tiny sand cays (Bello et al. 2005, Purkis et al. 2015). Oceanic islands like Curacao
and Bonaire, shallow atolls like Alacranes and Glovers, and large submerged banks
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like Saba Bank represent extremes in terms of the absolute and relative abundances of
different types of nursery habitat, the usage of which by nursery species may, in most
cases, simply reflect their availability.
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Explanation note: Figure S1. Satellite image of Cayo Arenas reef complex. The light-
house is on Isla Arenas, the cay on the western reef. A composite of satellite images
by Pix4D, with permission. Notes: C = white center of cloud patch obscuring part
of reef. SB = emergent sand bank. Figure $2. Cayo Arenas Island. Abbreviations:
P = permanent pond. M = mangrove patch. From a satellite image by Pix4D, with
permission. Figure $3. Mangrove patch at Cayo Arenas. Southerly view of patch of
small mangroves exposed at low tide on south side of saltwater pond shown in Fig-
ure S2. White seabirds resting on rocks around left side of the mangrove patch pro-
vide scale for the size of the mangrove bushes. Photograph Quetzalli Hernandez.
Figure $4. Satellite view of Tridgulo Oeste reef with lighthouse cay. A composite of
satellite images by Pix4D, with permission. Figure S5. Satellite view of Tridngulo
Este reef complex. A composite of satellite images by Pix4D, with permission. Fig-
ure S6. Drone view a section of Banco Obispo Norte. Figure S7a,b. Two drone
views of Banco Obispo Sur, including 30 m long Isla Mujeres at anchor. Figure
$8. Drone view of Banco Pera, with the 30 m long Isla Mujeres at anchor. Figure
8§9. Satellite view of the Cayo Arcas reef complex. The lighthouse is on the largest
cay. A composite of satellite images by Pix4D, with permission. Figure $10. Man-
groves at Cayo Arcas. Young mangrove plants immediately inshore of the reef crest
at Cayo Arcas in 2018. Photograph Nuno Simées.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.
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