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ABSTRACT: The cryptic nature of many elopomorph species and their occupation of minimally
explored habitats have led to the underestimation of their importance as a component of regional bio-
diversity. Additionally, it had led to their exclusion from studies that seek to resolve the processes and
life history traits important in determining the geographic distributions of species. Collections of the
larval stage of elopomorphs provide one means of addressing regional diversity in this taxa. Plankton
tows around Barbados during 4 separate years collected 68 identifiable taxa of the leptocephalus lar-
val form unique to elopomorphs. While most of these species have either been collected as adults in
the Lesser Antilles or upcurrent in the Guyanas, there remained 11 species whose adults are not
known from either biogeographic area, and 7 leptocephalus types of species not described as adults.
To determine whether these leptocephali were likely to be the product of local spawning, or alterna-
tively expatriates from the Guyanas, temporal patterns of length frequency distributions and abun-
dance of each species were analyzed with respect to regional oceanographic conditions. High abun-
dances and small leptocephali of species probably expatriated from the Guyanas were found to
coincide with periods when North Brazil Current (NBC) rings were present around Barbados and
locally produced coral reef fish larvae were flushed away from the sample area. Minimum size
classes and high abundances of Lesser Antillean species were more sporadic over time. While this
work does help establish the geographic distribution of a number of rare and less frequently encoun-
tered species, it also highlights the lack of knowledge about elopomorph distributions that justifies
their exclusion from biogeographic studies reliant on accurate fine-scale distribution patterns. How-
ever, a comparison of species distributions across major biogeographic boundaries indicates that
elopomorph species as a whole are more broadly distributed than perciform species, a pattern attrib-
utable to many unique characteristics of their leptocephalus larval stage.

KEY WORDS: Leptocephali - Elopomorpha - Larval transport - Eels - Lesser Antilles - Guyanas - North
Brazil Current ring
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INTRODUCTION

In the western North Atlantic, about 200 elopomorph
species in 4 different orders—Anguilliformes (true
eels), Elopiformes (ladyfishes and tarpon), Albuli-
formes (bonefishes and spiny eels) and Saccopharyngi-
formes (gulper eels)—are known to inhabit bathy-
pelagic, mesopelagic, deep benthic, continental slope
and continental shelf environments (Bohlke 1989a).
Aside from the few species targeted by fisheries, a
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majority of species in the subdivision Elopomorpha are
rarely observed or collected because of their cryptic
nature or their occupation of less frequently explored
habitats (Smith 2002). This has resulted in limited
knowledge about the abundance and spawning habits
of most of these species and the geographic distribu-
tion of a number of them, and has probably prevented
the discovery of other species. Analyses of the distrib-
ution of the leptocephalus larvae, unique to this sub-
division, offers one means of addressing these issues.
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In the western North Atlantic, leptocephali are well
described at the species level, and are readily identi-
fied by a combination of meristics and pigment pat-
terns (Bohlke 1989b). However, despite the availability
and ease of species level identification, most ichthy-
oplankton studies resort to grouping all leptocephali
together, or to using only a few questionable family
groupings. In the western North Atlantic, the excep-
tions to this have primarily been in the subtropical
areas, including the Gulf of Mexico (Smith 1989c,
Crabtree et al. 1992), Straits of Florida (Limouzy-Paris
et al. 1994, Miller 1995), Sargasso Sea (Miller &
McCleave 1994), and Bermuda Ocean Acre (Keller
1976), leaving the tropical areas with a relative scarcity
of species level accounts of the leptocephali fauna.

While leptocephali collections can contribute greatly
to an understanding of regional elopomorph diversity,
the presence of leptocephali in an area does not neces-
sarily indicate the presence of adult populations in the
same area. Regionally and temporally variable advective
forces may disperse larvae over large areas resulting in
their presence in locations far from spawning sites and
far from areas where they can successfully complete
their life cycle. For this reason, exploratory surveys tar-
geting the smallest leptocephali of a species (i.e. those
that would have undergone minimal transport) have his-
torically been used to determine the spawning grounds
of elopomorph species (Schmidt 1922). Unfortunately,
given the number of elopomorph species, the rarity of the
leptocephali of some species and the problem of species-
level identification of very small leptocephali, it is not
practical to employ this technique for all species. Alter-
natively, comparisons of the abundance and size distri-
bution of larval fishes between different water masses
can allow conclusions about the spawning location of
species without necessitating the collection of recently
spawned individuals of every species (e.g. Hare &
Cowen 1991). For leptocephali this technique has most
often been used to separate those species or populations
that spawn offshore over deep water from those that are
spawned along the continental shelf (Miller & McCleave
1994, Miller 2002, Miller et al. 2002), although the tech-
nique could equally well be used to determine the geo-
graphic distributions of many species that tend to be rare
in adult collections.

One consequence of the uncertainty in the geo-
graphic distribution of elopomorph species is their ex-
clusion from studies that synthesize large-scale pat-
terns of diversity and abundance and attempt to
determine the processes and life history traits that
structure these patterns. Most of these analyses have
concluded that geographic range sizes are minimally
related to pelagic larval duration (Victor 1986, Welling-
ton & Victor 1989, Thresher et al. 1989, Victor 1991, Vic-
tor & Wellington 2000, Jones et al. 2002), although there

is some indication that pelagic larval durations must be
above a certain threshold for a species to be distributed
across major biogeographic boundaries (Brothers &
Thresher 1985). These conclusions are based on a lim-
ited number of perciform taxa that differ in many rele-
vant ways from the majority of elopomorph taxa. Al-
though few well-validated aging studies have been
done, the larval durations of a majority of elopomorphs
are thought to exceed those of most perciform taxa. Ad-
ditionally, unlike other fish larvae, leptocephali accu-
mulate considerable energy stores during growth
(Pfeiler 1986, Bishop et al. 2000) and may rely on the
uptake of dissolved organic matter (Pfeiler 1986), the
consumption of larvacean housings (Mochioka &
Iwamizu 1996), or both (Bishop & Torres 2001) to meet
their energetic requirements. These unique growth and
feeding characteristics of leptocephali could result in
very different temporal and spatial patterns of mortality
relative to other fish larvae, differences that may be
particularly magnified in the less productive areas of
the open ocean that often lie between major biogeo-
graphic regions. The extensive migration undertaken
by anguillid larvae demonstrates that the leptocephali
of some species can successfully and consistently be
transported across long distances and a range of
oceanic environments. Determining whether the pos-
session of a leptocephalus larval stage results in differ-
ent biogeographic patterns for elopomorphs relative to
more commonly studied taxonomic groups requires an
inclusion of elopomorph taxa in comparative studies.
This in turn requires a fuller recognition of the diversity
of elopomorph species, the geographic distributions of
these species and the ecology of their leptocephalus
larvae.

The current study is based upon leptocephali col-
lected around the island of Barbados, West Indies,
during cruises in 1990, 1991, 1996 and 1997. As the
easternmost island in the Caribbean, Barbados is posi-
tioned near the border of 2 biogeographic regions: the
Lesser Antilles region with extensive reef develop-
ment, and the Guyanan region characterized by signif-
icant river input, sedimentation and the lack of hard
substrates. Previous analyses of the oceanographic and
biological data from these cruises revealed the vari-
able dynamics of flow around the island (Bowman et
al. 1994, Cowen & Castro 1994, Stansfield et al. 1995,
Paris et al. 2002), the response of this flow to external
forcing events associated with North Brazil Current
(NBC) rings (Kelly et al. 2000, Cowen et al. 2003), and
the impact of these physical processes on the transport
of locally produced coral-reef fish larvae (Cowen &
Castro 1994, Paris & Cowen 2004). The objectives of
this study were to (1) describe the species composition
of leptocephali in the late spring and early summer
around the island of Barbados, (2) to determine likely
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source locations of leptocephali of species not recorded
as adults from either the Lesser Antilles or the
Guyanas, and (3) to compare large-scale distribution
patterns of elopomorphs to those of other more com-
monly studied taxonomic groups.

MATERIALS AND METHODS

Site description. Barbados is a small (430 km?) coral—
limestone island located at 13°10'N and 59°30'W.
Along the west coast of the island, a fringing nearshore
reef paralleled by an offshore bank reef are separated
by a band of sand and coral rubble (Macintyre 1968).
Habitats along the eastern end of the island are poorly
characterized due to the rough sea conditions gener-
ally present in that area. The Barbados ridge runs from
75 kilometers to the north of the island at a depth of
around 250 m to 25 km to the south of the island at a
depth of 75 m. From the ridge, and along both the west
and east coast of the island, water depths rapidly drop
off to over 1000 m.

Biogeographically, Barbados is generally grouped
with the Lesser Antilles, an area considered to extend
from the Virgin Islands in the north to Tobago in the
south and Barbados in the east (Fig. 1). The islands in

Amazon River

60°W 50°W
Fig. 1. Biogeographic regions and primary flow regimes in the
vicinity of Barbados. Dotted lines: boundaries of Guyanas and
Lesser Antilles biogeographic regions. The Guyana Current
(GC) is consistently present along northeastern coast of South
America; North Brazil Current (NBC) rings are more periodic,
with about 6 forming per year at the retroflection of North
Equator Countercurrent (NECC) and NBC. These translate
northwest along the coast, before losing their form due to
interactions with bathymetric features of Lesser Antilles

this biogeographic region tend to be small, and the
waters around them tend to be minimally influenced
by runoff from land. Approximately 500 to 1000 km
southeast of Barbados is the Guyanas biogeographic
region, which is bounded by the Orinoco River to the
north and west and the Amazon River to the south and
east (Fig. 1). This region contrasts with the Lesser
Antilles in the existence of extensive mangrove shore-
lines, the absence of carbonate geology and the pres-
ence of a wide continental shelf consisting primarily of
soft-mud bottoms. The marine faunas of these 2 re-
gions differ considerably, reflecting the habitat differ-
ences between them (Briggs 1974).

Regional oceanography. There are 2 main flow re-
gimes in the region around Barbados. The first is asso-
ciated with the Guyana current, which moves in a
northwesterly direction parallel to the northeastern
coast of South America. During certain periods this
flow is interrupted by large anticyclonic rings formed
at the retroflection of the NBC and North Equatorial
Countercurrent (Fig. 1). About 6 of these NBC rings
form per year, 6° to 8° north of the equator, where they
entrain low-salinity water from the Amazon before
moving northwest along the coast during the course of
3 to 4 mo (Fratantoni & Glickson 2002). NBC rings
move at an average speed of 14.5 cm s, though this
speed can range from 7 to 30 cm s!, while current
velocities around the edge of the ring approach 100 cm
s7! (Fratantoni & Glickson 2002). Circulation associ-
ated with the rings penetrates to depths below 200 m
(Wilson et al. 2002). As these rings approach Barbados
they are generally elliptical in shape and the associ-
ated circulation can exceed 450 km in diameter
(Fratantoni & Glickson 2002).

Cowen et al. (2003) provided a description of the
impact of NBC rings on circulation around Barbados
and the retention of locally produced fish larvae.
Briefly, during repeated surveys around Barbados in
May of 1990, 1996 and 1997, a vertical array of con-
ductivity—temperature recorders and shipboard sur-
veys revealed the presence of low-salinity pools of
water indicative of NBC rings. Results from ichthyo-
plankton sampling during these time periods indicated
that the 1990 and 1997 rings coincided with the flush-
ing of locally produced reef-fish larvae away from the
western end of the island, whereas the 1996 ring coin-
cided with increased retention of locally produced lar-
vae. The different impacts of these rings on local circu-
lation were attributed to their geometry and trajectory
as they passed Barbados (Cowen et al. 2003).

Sampling design. Ichthyoplankton sampling, using
3 different net types and targeting a range of depths,
was carried out around Barbados between April and
June of 1990, 1991, 1996 and 1997 (Table 1). In all
years a 1 m? 505 pm mesh, multiple opening-closing
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Fig. 2. Locations (%) of MOCNESS stations during (a) 1990 and 1991 cruises and (b) 1996 and 1997 cruises, showing depth contours (m)

net and environmental sensing system (MOCNESS)
was used. This system allows the precise opening and
closing of nets at targeted depths while continuously
recording depth, volume of water filtered, temperature
and salinity. Depth strata targeted in 1990 and 1991
were 0-10, 10-30, 30-60, 60-90 and 90-140 m. Dur-
ing 1996 and 1997 depths of 0-20, 20-40, 40-60,
60-80 and 80-100 m were targeted. At most stations
during all cruises, a 1 x 2 m (1 mm mesh) frame net was
towed at the surface for 10 min, the volume of water fil-
tered being estimated from the distance covered.
Finally, in 1997, an additional MOCNESS with a 10 m?
opening and 3 mm mesh was used. The mesh size of
this net was too wide to catch smaller leptocephali, but
permitted the rapid sampling of large volumes of
water. Samples were collected with the 10 m? MOC-
NESS from as deep as 800 m. Sampling of the physical
environment using both shipboard surveys and
moored samplers coincided with the biological sam-
pling in all years. Details of the physical component of
the sampling have been given by Bowman et al. (1994)
and Paris et al. (2002).

The 1990 and 1991 cruises were broken into 3 legs
and 2 legs respectively. Sampling during the first legs
of both years and the third leg of 1990 occurred off the
west coast of Barbados (Fig. 2a). Sampling during the
second legs of both years occurred on all sides of the
island up to 90 km from shore. For the 1996 and 1997
cruises, shipboard surveys were restricted to a smaller
15 x 20 km area off the western coast of Barbados
(Fig. 2b), an area previously shown to have higher lar-
val fish densities. During these 2 cruises, a grid of 24
stations was sampled 8 times with the 1 m?> MOCNESS

tows. Each sampling of the grid occurred during a
single 24 h period with 3 to 5 d separating sampling
periods. Intervening days were used to take physical
measurements and, in 1997, to tow the 10 m? MOC-
NESS. In all years, plankton tows were performed dur-
ing both day and night. The overall sampling effort
during the course of these 4 cruises was intense, with
about 1000 net deployments sampling >2 million m? of
water (Table 1).

Samples in 1990, 1991, and 1996 were split; half the
sample was preserved in 4 % formalin, half was pre-
served in 95 % ethanol. In 1997 the entire sample was
preserved in ethanol with the exception of selected 10
m? MOCNESS samples. Leptocephali were removed
from the 1990, 1991, and 1996 formalin-preserved
samples and the entire set of 1997 samples. These
were identified following Bohlke (1989b) and their
standard lengths were measured to the nearest 0.1 mm
using digital calipers. No measurement corrections
were made to account for shrinkage. We identified 6
leptocephalus types not described in Bohlke (1989b) to
the lowest possible taxa and assigned a type in those
cases where positive identification to species could not
be made. These descriptions appear in Richardson &
Cowen (in press). A total of 116 small leptocephali (all
<10 mm) and 11 damaged leptocephali could not be
confidently identified to species or type. Some small
individuals of Ariosoma coquettei and A. anale could
not be differentiated. Distributional information on
elopomorphs used in this study was primarily obtained
from Bohlke (1989a,b), with additional information
obtained from Smith (2002) and Fishbase (Froese &
Pauly 2000). Comparative distribution information on
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perciform taxa was primarily obtained from Fishbase
(Froese & Pauly 2000) and from Robins & Ray (1986)
and Allen (1991).

RESULTS
Species composition and known geographic ranges

A total of 4511 leptocephali, representing at least 68
species, 12 families and all 4 elopomorph orders were
collected during the 4 sampling years (Table 2). Of the
68 identified leptocephali, 51 could be paired with
described adults; 7 leptocephalus types (Ariosoma sp.
A; Congridae, Genus B, sp. A; Ethadophis sp.; Gorga-
sia inferomaculata; Myrophinae sp. A; Hoplunnis sp.
D; Ophichthini sp. 9) are larval species, i.e. the meris-
tics of these leptocephali do not match the meristics of
any described species in their taxonomic group, sug-
gesting that the adult has not yet been described. Of
the remaining 10 leptocephalus types, some may com-
prise more than 1 species (Paraconger spp., Gna-
thophis spp. and the Tilurus type of notacanthoid lar-
vae); some most probably represent a single species,
although a definitive species-level match cannot be
made (Gymnothorax spp, A, B, C and F); and some are
types that may or may not represent known species
(Ophichthini sp. 1, Ophichthini sp. 8 and Bathycongrus
sp.).

Over all 4 cruises, the mean catch rate of leptocephali
was 246.9 individuals x 10° m3, excluding neuston
samples and samples collected at depths of >150 m. A

small number of species dominated the catches. Fewer
than 10 individuals (0.57 ind. per 10° m® were
collected for 39 of the leptocephalus types, and only a
single individual was collected for 17 of these. Gymno-
thorax ocellatus, a muraenid found in seagrass habitats
throughout the Lesser Antilles and Guyanas accounted
for 53% of the leptocephali collected, and Myrophis
plumbeus, an ophichthid found in mangrove areas and
brackish waters in the Guyanas and the eastern
Atlantic, accounted for 12 %. The third most abundant
species was Gorgasia inferomaculata, a garden-eel
species that has never been collected as an adult, and
has previously been collected as a leptocephalus only
in the eastern Atlantic and south of the equator in the
western Atlantic. The positive identification of this lep-
tocephalus type as a species of Gorgasia was based on
comparison with Indo-Pacific leptocephali (Castle
1997). Ariosoma coquettei, A. balearicum, Neoconger
mucronatus, Paraconger spp. and A. anale were the
next most abundant taxa. These taxa are all known to
inhabit soft-bottom habitats in the Guyanas and are
not known to occur in the Lesser Antilles (Smith
1989a,b). A. balearicum is a species notable for region-
ally differing ranges in myomere counts (Smith 1989a),
with indications that some populations migrate off-
shore to spawn and others spawn along the continental
shelf (Miller 2002). The myomere counts for A. balea-
ricum in the current sampling (mean = 129.8, range =
125 to 133) corresponded closely with the previously
identified high-count population from the Guyanas
and Brazil (mean = 129.2, range 123 to 134, Smith
1989a).

Table 1. Distribution of sampling effort and total number of leptocephali collected during the cruises. Samples collected in 1990,
1991 and 1996 were split; half were preserved in formalin, half in ethanol; only formalin-preserved halves of those samples
were used in this study. Frame net tows averaged 10 min

Dates Net Depth Stations Vol. filtered Total

range (m) Night Day Twilight (m?) leptocephali
25 Apr 1990-19 May 1990 1 m?> MOCNESS 0-140 43 55 8 1707967 88
25 Apr 1990-19 May 1990 1 x2 m frame net Surface 34 38 4 - 15
18 Apr 1991-2 May 1991 1 m? MOCNESS 0-140 35 31 6 101 777 160
3 May 1991 1 x2 m frame net Surface 9 3 1 - 4
9 May 1996-4 Jun 1996 1 m? MOCNESS 0-100 64 103 15 202 144* 554
9 May 1996-4 Jun 1996 1 x2 m frame net Surface 58 94 6 - 26
1 May 1997-27 May 1997 1 m? MOCNESS 0-100 75 80 9 222090 837
1 May 1997-27 May 1997 1 x2 m frame net Surface 72 79 7 - 36
3 May 1997-28 May 1997 10 m? MOCNESS 0-80 17 1 1 534 260 938
3 May 1997-28 May 1997 10 m* MOCNESS 0-100 22 2 - 712623 1769
6 May 1997 10 m? MOCNESS 0-160 - 2 - 61566 37
6 May 1997 10 m? MOCNESS 0-200 - 1 - 29697 0
24 May 1997 10 m* MOCNESS 0-500 - 1 - 49963 0
11 May 1997-27 May 1997 10 m® MOCNESS 0-800 1 2 - 211336 47
Total 430 492 57 2195180 4511
“Leptocephali removed and identified from half of sample
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Fig. 3. Percentage of total number of species and individuals collected
from around Barbados, showing distribution patterns reportetd for

21N 1| -

undescribed species (Richardson & Cowen in
press). For the other 4 larval species (Ariosoma
sp. A; Ethadophis sp.; Congridae, Genus B, sp.
A; Gorgasia inferomaculata), the numbers of
individuals collected in this study either equaled
or exceeded the numbers previously reported in
scientific collections from the western North
Atlantic. The other reported specimen of Etha-
dophis sp. also came from Barbados (Leiby
1989), and the 4 reported specimens of Congri-
dae, Genus B, sp. A were collected in the Virgin
Islands (Smith 1989d). None of the previously
reported specimens of the other 2 larval species
have been collected in the Lesser Antilles
(Table 3). This is also the first collection outside
of the Gulf of Mexico of Ophichthini sp. 1, a

adults. Only Lesser Antilles and Guyanas biogeographic regions are leptocephalus type that may be the larvae of a
considered herein. Leptocephalus types with meristics that do not known species. Additionally it is the first collec-

match any species in the lowest taxonomic category to which they can tion of Ophichthini sp. 8, another type that may

be identified are grouped in ‘Larval species’ category. Leptocephalus
types that may represent a known species are grouped in 'Type not
matched to adult' category. Percentages based upon 68 species and

4511 individuals

Grouping the species and individuals based on the
biogeographic regions in which their adults have been
collected revealed large differences between the num-
ber of individuals and the number of species assigned
to each group (Fig. 3). While Lesser Antillean species
with no reported adult collections in the Guyanas com-
prised 23 % of the species richness, they represented
only 3.5% of the total catch of individuals. In contrast,
Guyanan species with no reported adult collections in
the Lesser Antilles comprised 20 % of the species rich-
ness and 26 % of the individuals collected. Species that
have been collected in both biogeographic areas com-
prised only 10 % of the species richness, but over 50 %
of the individuals collected, primarily due to the inclu-
sion of Gymnothorax ocellatus in this group. A small
portion of the collection comprised 3 additional species
that inhabit mesopelagic or bathypelagic environ-
ments as adults (Avocettina infans, Nemichthys curvi-
rostris and Eurypharynx pelecanoides). The remaining
catch was composed of species that have not been col-
lected in the Lesser Antilles or the Guyanas, larval spe-
cies, and leptocephalus types that do not match to any
single species.

Although constituting only a small fraction of the
total collection, the number of individuals of the larval
species and many of the leptocephalus types collected
was noteworthy relative to the total known specimens
of these types in scientific collections (Table 3).
Myrophinae sp. A, Hoplunnis sp. D and Ophichthini

match a described adult (Richardson & Cowen in
press).

Many of the species that have not been col-
lected as adults in either the Guyanas or the
Lesser Antilles are rare in scientific collections as
both adults and leptocephali (Table 3). Phaenomonas
longissima, Pseudomyrophis frio, and Gordiichthys
randalli are all represented in both larval and adult
collections by very few individuals. Although only a
single adult specimen of Robinsia catherinae has been
recorded in the western North Atlantic, the species is
frequently collected as leptocephali across a wide geo-
graphic range. On the other hand, Bascanichthys bas-
canium, Hoplunnis similis, Apterichtus kendalli and
Chlopsis bicolor are frequently collected along por-
tions of their range as both adults and larvae.

Temporal length distributions

Individual species from this collection can be
grouped together based on similar patterns of catch
rate and length distributions over the 4 cruises (Fig. 4).
Among many of the abundant species the most appar-
ent changes in catch rate and length distributions
occurred at the end of the 1990 and 1997 cruises. This
time period coincided with the intrusion of low-salinity
surface waters into the sample area (Fig. 4a), and con-
ditions that favored the flushing away from the island
of locally produced coral-reef fish larvae, such as the
bluehead wrasse Thalassoma bifasciatum (Fig. 4b and
Cowen et al. 2003).

For the Lesser Antillean species, such as Heterocon-
ger longissimus (Fig. 4c) there was no consistent time
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Table 3. Previous reported distributions of leptocephali and adults of larval species and species that have not been recorded as
adults for Guyanas or Lesser Antilles. Distributions and values primarily from Boéhlke (1989a,b)

Adult collection areas Leptocephali collection areas
= 5
o o] Q (<]
g | 8 & s g E g L
8 g < g Eg z|g < g E g zZ
B n 28 8 S E 2lp 2§ 8 s £ =
=] % % g Q < T‘? = % > g Q < g —
S| S 82=2g8g £33 S| g2zgg £« &
S| 23288 2% TleiEESE g %
8 s <Y iEL,22 F|€&s<YE %2 3
Sl Bss ¥ 888 fEozdggegE s
) = ) @ v g ) = ) @ v Z )
2| E86:8 568 2|E806:5836:548 2
Gorgasia inferomaculata 159 - X X @
Myrophinae sp. A 32 - -
Saurenchelys stylura 26 - X X x >20
Gnathophis spp. 25 X X X >20 x X X X X X X x >20
Gordichthys randalli 21 X 8 X X X X 19
Robinsia catherinae 16 X 1] x x x X X X x >20
Congridae Genus B sp. A 15 - X 4
Ariosoma sp. A 9 - X X X 5
Hoplunnis sp. D 8 - -
Gordichthys irretitus 5 X X 6 X X X X >20
Apterichtus kendalli 3 X X X X >20 | x X >20
Ophichthini sp. 1 3 - X 15
Bascanichthys bascanium 2 X X X >20 | x X X X >20
Chlopsis bicolor 2 X X X X >20| X X X X >20
Ethadophis sp. 1 - X 1
Hoplunnis similis 1 X X >20 X X >20
Phaenomonas longissima 1 X X 6 X X X 7
Pseudomyrophis frio 1 X X 1¢ X X X 6
Ophichthini sp. 8 1 - -
Ophichthini sp. 9 1 - -
4Specimens have also been collected outside the western North Atlantic

period during which either the minimum size individ-
ual or the highest abundances were found. Individuals
<15 mm in length of some of the Lesser Antillean spe-
cies (e.g. Ahlia egmontis and Kaupichthys nuchalis) as
well as Ichthyapus ophioneus, a species found in both
the Lesser Antilles and Guyanas, were collected at var-
ious time periods during the cruise. For 5 of the 6 most
abundant Guyanan species, Ariosoma anale, A. balea-
ricum, A. coquettei, Neoconger mucronatus and Rhyn-
choconger flavus, both the minimum-sized individuals
and high abundances coincided with the end of the
1990 and 1997 cruises (Fig. 4d—h). Minimum lengths of
these species during the ends of the 1990 and 1997
cruises, were 10 to 20 mm, in comparison to minimum
lengths of >20 mm during other portions of the cruises.
Towards the end of the 1990 and 1997 cruises, we col-
lected minimum-length individuals (although not in
high densities) of 4 other less-abundant Guyanan spe-
cies, Pseudomyrophis fugesae, Ophichthus cylindro-
ideus, Uroconger syringinus and Hoplunnis macrura.
Catch rates of Myrophis plumbeus, the most abundant
Guyanan species, appeared to vary less than that of

most other species during the cruises, with no peaks at
the end of the 1990 and 1997 cruises (Fig. 4i). Although
over 500 individuals of M. plumbeus were collected,
the smallest individual was 28.7 mm and less than
30 individuals <40 mm in length were collected. While
small size classes and high abundances of Gymnotho-
rax ocellatus, a species found in both the Guyanas and
Lesser Antilles, were recorded during the end of the
1997 cruises, similar catch rates and smaller size
classes were recorded at other times (Fig. 4j).

Many of the larval species and species not recorded
from either the Lesser Antilles or the Guyanas had
temporal patterns of abundances and length distri-
butions similar to those of species of known origin,
although few individuals were collected for many of
these species. Specimens of Gorgasia inferomaculata
<25 mm in length were only collected during the last
portion of the 1997 cruise, a period when catch rates
increased though did not reach a peak (Fig. 4k).
Gnathophis spp. and Saurenchelys stylura had higher
catch rates and included minimum-length classes at
the end of the 1997 cruise (Fig. 41, m). Higher catch
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rates of Myrophinae sp. A, and the only individuals of
Congridae, Genus B, sp. A found in the study were also
collected near the end of the 1997 cruise (Fig. 4n,0).
Also during this time period 7 out of a total of 9 speci-
mens were collected and the shortest lengths of Ario-
soma species A was recorded. In comparison, very
small (<15 mm) individuals of Hoplunnis sp. D, Gordi-
ichthys irreititus, Pseudomyrophis frio and Bas-
canichthys bascanium were collected during all time
periods except the latter half of both the 1990 and 1997
cruises.

DISCUSSION

The direction of flow in the region around Barbados
assures that leptocephali collected near Barbados were
either produced locally or were spawned upcurrent, in
the Guyanas, and then transported into the area. How-
ever, nearly a quarter of the species collected have not
been recorded as adults in either the Lesser Antilles or
the Guyanas, indicating the existence of populations
that have avoided detection in one or both of these bio-
geographic areas. The determination of which biogeo-
graphic region is most likely to be the source of each of
these leptocephalus types is facilitated by previous
characterizations of the temporal distribution of oceano-
graphic processes around Barbados (Bowman et al.
1994, Cowen & Castro 1994, Paris et al. 2002, Cowen et
al. 2003), and the impact of the 2 main large-scale
transport mechanisms in the region, the Guyana cur-
rent and NBC rings, on the densities and size distribu-
tions of leptocephali from different regions.

Variations in the densities of leptocephali expatriated
from the Guyanas are in part attributable to processes
that affect their transport into the sample area. In con-
trast to the Guyana current, NBC rings contain a strong
component of flow perpendicular to the South Ameri-
can continental shelf and towards Barbados. Larvae
spawned along the South American coast could be en-
trained in this flow and moved offshore. A high level of
transport of Guyanan larvae by an NBC ring into the
nearshore waters of Barbados would depend on the
geometry and trajectory of a ring as it passes both
South America and Barbados. The NBC rings consid-
ered in this study were only sampled around Barbados,
and thus there are no indications of their geometry or
trajectory as they passed the Guyanas area of South
America. Circulation patterns in the sample area
around Barbados indicate a more westward passage of
the NBC rings past Barbados in 1990 and 1997 than in
1996. The result was the flushing of locally produced
larvae away from the western shore of the island during
the 1990 and 1997 samplings, in comparison to the re-
tention of locally produced larvae during the 1996 sam-

pling (Cowen et al. 2003). The temporal distribution of
leptocephali of known origin shows that coincident
with the flushing of locally produced larvae was the im-
port of Guyanan larvae, such as Ariosoma anale, A.
balearicum, A. coquettei, Neoconger mucronatus and
Rhynchoconger flavus, resulting in a peak in abun-
dance of these species. During the time period when
the presence of a NBC ring coincided with the retention
of locally produced larvae, no observable increase in
the abundance of Guyanan larvae occurred.

The temporal distribution of small size classes of
Guyanan species indicate that NBC rings not only
influenced the densities of expatriated leptocephali
but also the transport times of these larvae from the
Guyanas to Barbados. Although only about 25 % of the
sampling occurred during the 1990 or 1997 NBC ring
events, the minimum sizes of 9 of the 10 most abundant
Guyanan species were collected during these periods.
Reported age-length relationships for one Guyanan
species, Ariosoma balearicum, allowed the estimation
of age differences between larvae collected when a
ring was present around Barbados and larvae collected
when a ring was absent. Based on growth rates of
1 mm d~! obtained in the Gulf of Mexico by Bishop et
al. (2000), there would be an estimated 17 d age differ-
ence between the smallest (13.7 mm) A. balearicum
leptocephali collected around Barbados during a ring
event versus the smallest (30.9 mm) individual col-
lected when a ring was not present. There are 2 factors
that could contribute to this difference in estimated
age: (1) current speeds along the edge of NBC rings
(which may exceed 100 cm s7!) are much faster than
those in the Guyana Current (Frantantoni & Glickson
2002); (2) along the leading edge of an NBC ring, flow
moves perpendicular to and away from the South
American continental shelf, greatly increasing the
likelihood at a closer source location to Barbados of
Guyaran leptocephali transported by an NBC ring
versus the Guyana Current.

Interestingly, the one abundant Guyanan species
with leptocephali densities and length-frequency distri-
butions that varied least in response to NBC rings, My-
rophis plumbeus, may migrate offshore to spawn. M.
plumbeus is a member of a subfamily for which an off-
shore spawning migration of approximately 160 km has
been observed in a related species, Ahlia egmontis (Co-
hen & Dean 1970). Additionally, M. plumbeus occupies
brackish to freshwater areas, which are not favorable to
leptocephali development (Smith 1989c), and thus are
unlikely to spawn in their adult habitat. If M. plumbeus
were to spawn far enough offshore, a component of
transport perpendicular to the continental shelf would
not be required for their larvae to reach Barbados, al-
lowing their transport to Barbados by the consistently
present Guyana Current rather than periodic NBC
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rings. This may explain why amongst all the expatriate
species the densities of this species varied the least in
response to NBC rings, and also why no very small lep-
tocephali of this species, indicative of the rapid trans-
port of NBC rings, were found during the sampling.

Based on temporal patterns of density and length
distributions similar to those of leptocephali of known
origin, it is possible to assign likely source locations for
10 leptocephali of species that have not been collected
as adults in either the Lesser Antilles or the Guyanas.
Increases in density, during the 1997 current ring, of
Gorgasia inferomaculata; Myrophinae sp. A; Congri-
dae, Genus B, sp. A; and Gnathophis spp. suggests a
Guyanan origin for these species. Additionally, the col-
lection of minimum-sized individuals of Gorgasia
inferomaculata, Saurenchelys stylura and Ariosoma
sp. A during either the 1990 or 1997 ring events sug-
gests that these 3 species are also present as adults in
the Guyanas. In contrast, the fact that very small indi-
viduals (<15 mm) of Hoplunnis sp. D, Gordiichthys
irreititus, Pseudomyrophis frio and Bascanichthys bas-
canium were collected during time periods other than
when these rings were present suggests that adults
of these species probably occur around Barbados.
Despite the intensity of sampling during this study, too
few individuals were collected of 7 additional species
(Gordiichthys randalli, Robinsia catherinae, Ethado-
phis sp., Phaenomonas longissima, Chlopsis bicolor, H.
similis and Apterichtus kendalli) to speculate about
the biogeographic area in which the adults of these
species are likely to occur.

Uncertainty in the understanding of diversity and
geographic distribution of elopomorph species ex-
cludes them from most studies that synthesize large-
scale ecological patterns. This allows a taxonomically
narrow range of families, such as Pomacentridae,
Labridae, Pomacanthidae and Chaetodontidae to dic-
tate general conclusions about the patterns and pro-
cesses contributing to tropical marine fish distribu-
tions. The exclusion of elopomorph families from
analyses that require an island-scale resolution of spe-
cies distributions (i.e. Jones et al. 2002) is well justified.
On the other hand, by considering only the presence or
absence of a species across major biogeographic barri-
ers it is possible to make rough comparisons of elopo-
morph families to more commonly studied perciform
families. For example, in the Pacific Ocean, the Hawai-
ian Islands are isolated from the other shallow-water
areas, leading to high levels of endemism. Béhlke &
Randall (2000) noted that muraenids have lower levels
of endemism in the Hawaiian Island than common
perciform families, while McCosker (2002) noted that
levels of endemism in the family Ophichthidae were
similar to levels for more commonly studied families. In
the Atlantic, major biogeographic boundaries for

shallow-water benthic species exist between the west-
ern North Atlantic and the eastern Atlantic and mid-
Atlantic islands (Briggs 1974). A comparison between
families of the percentage of western North Atlantic
species with distributions that cross these major bio-
geographic boundaries reveals that muraenid species
tend to be much more broadly distributed than
pomacentrid, labrid, congrid and ophichthid species
(Table 4).

These differences in levels of endemism in Hawai-
ian fishes and the frequency of cross-Atlantic distribu-
tions both between elopomorphs and perciforms and
within elopomorphs may arise from differences in
their life histories. The maximum pelagic larval dura-
tion (PLD) of a species imposes a limit to dispersal that
may impact range expansion in a species. However
most studies that have attempted to correlate maxi-
mum larval duration and range size have found a
minimal relationship between the two (Victor 1986,
Thresher et al. 1989, Wellington & Victor 1989, Jones
et al. 2002). The rare work that has been done on
aging anguilliform species, other than anguillids, indi-
cates that the duration to metamorphosis for most spe-
cies ranges from 60 to 120 d (Brothers & Thresher
1985, Bishop et al. 2000). These durations exceed
those of most perciform species, although they over-
lap the ranges of a few labrids (Victor 1986). It cannot
be ruled out that differences in PLD are partially
responsible for differences between muraenid species
and perciform species in the frequency of cross-
Atlantic distributions or levels of Hawaiian endemism.
Feeding requirements and growth strategies are addi-
tional factors that differ considerably between lepto-
cephali and perciform larvae and may determine the
ability of a larva to be successfully transported long
distances. Leptocephali are most probably not oblig-
ate plankton feeders (Pfeiler 1986, Bishop & Torres
2001) and store extensive energy reserves for use at
metamorphosis (Pfeiler 1986, Bishop et al. 2000).
These 2 factors may allow them to endure suboptimal

Table 4. Number (N) of species of 3 elopomorph families

(Muraenidae, Ophichthidae, Congridae) and 2 perciform

families (Pomacentridae and Labridae) recorded in western

North Atlantic (WNA) and percentages in 2 other broad geo-

graphic areas of the Atlantic, middle Atlantic Islands and
eastern Atlantic

Family Nin % in

WNA Mid-Atl. E. Atl.
Muraenidae 23 61 % 43 %
Ophichthidae 56 9% 5%
Congridae 37 5% 13 %
Labridae 21 6 % 0%
Pomacentridae 16 13% 5%
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conditions in their environment better than perciform
larvae. Differences in growth rate and survivorship of
reef-fish larvae between different oceanic habitats
have been found (Sponaugle & Pinkard 2004),
although the distributions of poor growth habitats and
their impact on the probability of successful long-dis-
tance dispersal have not been quantified. It is possible
that the growth strategies and feeding requirements
of larvae are more important in determining success-
ful long-distance dispersal than larval duration.

The reason for differences in cross-Atlantic distribu-
tions or Hawaiian endemism between muraenids and
perciform taxa but not ophichthids or congrids and
perciform taxa is not readily explained. Little compar-
ative work on the larval ecology or duration of species
in these elopomorph families has been done. Aging
studies of leptocephali of 1 muraenid species, 2
congrid species and 1 ophichthid species have not
revealed differences in larval duration between these
families that might account for these differences
(Bishop & Torres 2001). It is possible that these biogeo-
graphic differences are related to juvenile or adult life
history traits that impact the ability of a species to set-
tle and establish a population in an area, but this pos-
sibility cannot be addressed due to the scarcity of basic
life history information on adult elopomorphs.

Life history differences between elopomorphs and
more commonly studied taxa as well as the diversity of
life history strategies within the subdivision Elopomor-
pha offer an opportunity for comparative studies of the
physical processes and biological traits that affect the
distribution and abundance of species. However, most
often elopomorph species are overlooked in work on
both the adult and larval stages. This study has shed
light on the ability of 1 oceanographic feature, NBC
rings, to transport larvae from the Guyanas to the
Lesser Antilles, although the importance of this trans-
port pathway at a population level is limited to those
species that are able to find a suitable habitat in both
the Guyanas and the Lesser Antilles. Additionally, this
study expanded the known geographic ranges of some
elopomorph species and has highlighted some broad
distribution differences between elopomorph and per-
ciform species. While it is likely that the unique lepto-
cephalus larval stage of elopomorph fishes contributes
to these differences, many other explanations for dis-
tributional differences between species (see Jones et
al. 2002) could not be examined because of a scarcity
of available life-history information on elopomorphs.
Further work documenting the distribution of the rarer
species combined with ecological studies on larval and
adult elopomorphs would refine our understanding of
how and why distribution and abundance patterns in
this diverse group differ from or are similar to those of
more commonly studied taxonomic groups.
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