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Abstract: The Miskitus Cays, on the Caribbean coast of Nicaragua, consist of eighty mangrove and two sand and 
gravel cays, surrounded by seagrass beds, octocoral gardens, patch reefs, reef crests, extended algae platforms, short 
reef walls, and two marginal reefs around the sand cays. Seventy sites were inspected and eighteen sites were selected 
for rapid assessments in order to determine the status of the coral reefs. Linear transects and the intercept point methods 
were used to determine the relative benthic cover, and the density, size and health of coral colonies was estimated follow-
ing the AGRRA protocol. Water was highly turbid due to the shallowness of the reefs and high wave energy. Northwest 
reefs, closer to the Coco river mouth, were affected by terrestrial sediments and were overgrown by algae whereas storm 
damage was evident in the eastern reef crest fronts. In total, 39 stony coral species were found and 12 new species 
were reported for Cayos Miskitus. Mean live coral cover was high (43.4%), but it was still lower than the algae cover 
(54.2%). Mean coral diameter (59.7 cm) and height (4.2 cm) were high but total mortality (27.9%), bleaching (4%) 
and diseases (3%) were low. Reefs of Nicaragua are in the best condition of the Caribbean region of Central America 
but good management of the fisheries, the marine reserve, and the Coco river basin are urgent to maintain reef quality.

Introduction

The Caribbean shoreline of Nicaragua is about 463 km 
long with a broad continental shelf where coral reefs grow, 
especially in the north section (Murray et al. 1982, Hallock et 
al. 1988). The coast is divided into the Autonomous North 
Atlantic Region (RAAN) and the Autonomous South At-
lantic Region (RAAS); the RAAN is mainly inhabited by the 
Miskitus indigenous people (USAID 1996). 

Coral reefs of the Caribbean coast of Latin America are 
described in Cortés (2003). The Miskitus Cays Biological 
Reserve, created in 1991, is located 50 km from the coast, 
northeast from Puerto Cabezas inside the RAAN. It has 
a radius of 40 km around Major Miskitu Cay (14º23’N-
82º46’W) totaling 50,000 ha, and a coastal and marine belt 
20 km wide between Wounta and Gracias a Dios Cape. The 
total area of the reserve is 765,867 ha (Jameson 1996). The 
marine ecosystem consists of eighty mangrove and two sand 
and gravel cays, surrounded by a mosaic of shallow inter-
connected marine habitats (Alevizon 1993, Jameson 1996). 
The communities in the north littoral of Nicaragua, mainly 
Sandy Bay and Puerto Cabezas, use the area of this marine 
reserve for artisan fishing. Fishing for shrimp and finfish 
is done close to the coast, whereas lobster, shark and turtle 
fishing is concentrated around the cays (Harrington and 
Gallucci 1996, USAID 1996, Maradiaga 1998).

The first scientific study in Miskitus Cays was on algae 
and seagrass (Phillips et al. 1982), followed by Ogden and 
Gladfelter (1983) and Marshall (1984). Between 1993 and 
1995 the “Ministerio del Ambiente y los Recursos Naturales 
de Nicaragua (MARENA)”, the Caribbean Conservation 
Corporation (CCC) and the United States Agency for In-
ternational Development (USAID) developed a preliminary 
management plan for the reserve where a general description 

of coral reefs, seagrasses and lagoons was provided. Alevizon 
(1993) provided qualitative descriptions of these coral reefs 
and their fishing resources and Jameson (1996) reported 27 
coral species from this system. There are no quantitative 
studies in this section of the Caribbean coast of Nicaragua, 
although the coral reefs of Corn Island in the RAAS have 
been widely studied (reviewed in Ryan and Zapata 2003).

The main objective of this study was to quantitatively as-
sess the coral reef status in Miskitus Cays in comparison 
with other reefs in the Caribbean coast of Central America, 
providing baseline data that can be used for future research 
and monitoring.

Materials and Methods

A rapid reef assessment was conducted in August 2001 in-
side the 50,000 ha around the Major Miskitu Cay (14º23’N-
82º46’W; Figure 1) in order to diagnose the status of its 
coral reefs in terms of reef substrate cover, coral colony den-
sity, and health. In total, seventy sites recorded with GPS 
were inspected by snorkeling for 15 min to determine habi-
tat type and coral species richness. These sites were assessed 
and distributed as follows: four to the north, seventeen to 
the northeast, two to the east, six to the southeast, three to 
the south, three to the southeast, ten to the west, and twenty 
five to the northwest. Of these, eighteen sites were selected 
for SCUBA diving and evaluation with linear transects. 
These were distributed as follows: one to the north, five to 
the northeast, one to the east, one to the southeast, three to 
the south, two to the southwest, two to the west, and three 
to the northwest. We report the site names used by the local 
fishermen.

Coral reefs are very shallow in this area, so three 10 m long 
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Introduction

Seagrass ecosystems exist as hierarchically organized habi-
tats in various states of fragmentation, mediated by land-
scape-scale forces (Pittman et al. 2004). Hierarchical spatial 
patterns arise from the interaction of broad-scale external 
effects on habitat configuration and local internal effects 
on habitat structure (Boström et al. 2006). For example, 
physical disturbance induces variability in the spatial con-
figuration of patches of varying sizes and interpatch distanc-
es within the seagrass landscape (Fonseca and Bell 1998).  
Furthermore, processes occurring at broad spatial scales may 
constrain those occurring at local spatial scales (Allen and 
Starr 1988). Consequently, landscape-scale features, such as 
areal cover, patch size, and interpatch distance, may covary 
with habitat-structure (Boström et al. 2006), as expressed 
by shoot density, above ground biomass (AGB), below 
ground biomass (BGB), epiphyte loading (Moore and Fair-
weather 2006) or associated macrofauna (Hovel et al. 2002). 

Although macrofaunal associations change with the spa-
tial arrangement of seagrass habitat (Turner et al. 1999, Frost 
et. al 1999), responses by individual taxa can vary relative to 
landscape configuration (e.g., patch size and distance) (Bell 
et al. 2001). The apparent inconsistency reflects the fact that 
macrofaunal taxa relate individualistically to different en-
vironmental scales (Boström et al. 2006), thus accounting 
for different response thresholds to habitat fragmentation. 

Seagrass ecosystems also form complex trophic networks de-
fined by internal feedbacks on habitat function, including 
those exerted by macrofauna (Connolly and Hindell 2006). 
For example, some bivalves enhance seagrass condition by 
locally increasing both light accessibility and sediment nu-
trients (Peterson and Heck 2001). Such links also may be 
decoupled by broad-scale physical disturbance or habitat 
fragmentation. Again, critical thresholds in functional links 
with decreasing habitat connectivity depend on the spe-
cies’ biology and the physical setting (With and Crist 1995, 
Fonseca and Bell 1998, Monkonnen and Reunanen 1999). 

The first step towards understanding habitat function rel-
ative to landscape-scale factors is to identify potential habitat-
scaling relationships. So we compared shoal grass (Halodule 
wrightii) habitat and macrofaunal metrics during the seagrass 
growth phase between two barrier- island landscapes exposed 
to different levels of disturbance. Habitat metrics included: 
above ground biomass (AGB); epiphyte biomass; shoot num-
ber; per shoot biomass; and below ground biomass (BGB); 
macrofaunal metrics included abundances of microgas-
tropods, peracarid grazers, capitellid polychaetes, Neanthes 
polychaetes, and macrofaunal diversity. Our working hy-
pothesis was that seagrass landscape, habitat and faunal met-
rics should differ concertedly between more disturbed Cat 
Island (CI) and less disturbed Horn Island (HI) landscapes. 

Habitat Condition and Associated Macrofauna Reflect 
Differences Between Protected and Exposed Seagrass 
Landscapes

Abstract: Seagrass landscape configurations associated with different physical settings can affect habitat-structure 
and plant-animal relationships. We compared shoal grass (Halodule wrightii) habitat and macrofaunal variables 
between two fragmented seagrass landscapes at barrier-island locations subject to different disturbance regimes. 
Five seagrass habitat variables including above ground biomass (AGB), shoot number, per shoot biomass, epiphyte 
biomass and below ground biomass (BGB), differed significantly between the island landscapes. Per shoot biomass 
and epiphyte biomass also varied significantly over the seagrass growing season; and epiphyte biomass showed a 
strong landscape-time interaction. Abundances of microgastropods normalized to AGB differed significantly between 
landscapes. An inverse relationship between the abundance of microgastropods and epiphyte loading suggests a 
possible functional link. However, additional temporal mismatch between epiphyte loading and microgastropod abun-
dance indicates that controls on epiphyte loading were complex. Seagrass habitat was more fragmented within the 
Cat Island (CI) landscape. Wind direction and strength imply that the CI landscape experienced more physical distur-
bance than the Horn Island (HI) landscape. This study highlights some potential links involving landscape configura-
tion, habitat structure, and macrofaunal associations which can be further addressed using hypothesis-driven research.
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Seagrass Distribution in the Pensacola Bay System, 
Northwest Florida

Abstract: Aerial surveys of seagrass coverage in the Pensacola Bay system (PBS) have been conducted during 
1960, 1980, 1992 and 2003. This report summarizes the results for the 2003 survey and compares the results to 
those previously reported for other surveys. The estimated coverage of seagrass for the PBS during 2003 was 1,654 
ha. Continuous and patchy coverages ranged from 0 to 684 ha and 11 to 543 ha, respectively, for five PBS subsys-
tems. In 2003, the majority of seagrass coverage occurred in Santa Rosa Sound (76%). Declines in total coverage 
occurred for East Bay (93%) and Escambia Bay (75%) whereas increases were observed for Pensacola Bay (32%) 
and Santa Rosa Sound (8%). The approximate 9% decline (about 160 ha or 395 a) in total coverage since 1992 
represents an estimated 7 to 8 million dollar loss in ecological services. The changes in coverage are likely due to 
naturally occurring and anthropogenic factors but it is not possible to differentiate the relative contributions of these fac-
tors alone and in combination on seagrass distribution. The ability of seagrasses to exist long-term in Florida’s fourth 
largest estuarine system is uncertain due to the adverse effects of rapid urbanization in the watershed. Active resource 
management which includes more frequent in-situ monitoring and aerial assessment and the availability of relevant 
water and sediment quality criteria protective of submerged aquatic vegetation are needed to prevent future declines. 

Introduction

Seagrasses have at least 13 ecological roles (Dawes et al. 
2004) and they support a diverse biotic community that may 
contain as many as 113 species of epiphytes, 148 macroalgal 
species, 80 macrofaunal species, and 75 fish species (Humm 
1964, Virnstein et al.1983, Zieman and Zieman 1989, DeT-
roch et al. 1996). Seagrass meadows including those domi-
nated by Thalassia testudinum Konig (turtle grass), the most 
abundant species in the Pensacola Bay System (PBS), sup-
ported twice the macrofauna than did unvegetated sedi-
ments (Santos and Simon 1974, Virnstein et al. 1983). The 
economic importance of one seagrass acre has been estimat-
ed to be between $9,000 and $28,000 (Texas) and $20,500 
(Florida) due to commercial, recreational and storm protec-
tion functions (Handley et al. 2007) and $19,000 based on 
nutrient cycling (Costanza et al. 1997). About 1.2 million of 
59 million hectares (ha) of seagrasses have been destroyed 
worldwide during the last decade and, similar to corals, 
seagrasses are considered to be in a crisis stage. Declines 
have occurred at 40 locations (Short and Wylie-Echeverria 
1996, Hemminga and Duarte 2000) including the Gulf of 
Mexico (GOM), where seagrass coverage has been reduced 
20 to 100% during the past 50 yrs (Dawes et al. 2004, USGS 
and GOMP 2004). For example, about 85% of the seagrasses 
along Florida’s coasts have been destroyed by 1992 (USEPA 
1992).

Florida’s Gulf Coast contains about 680,000 ha of 
seagrasses of which about 2% (17,474 ha) is adjacent to the 
Florida panhandle region (Madley et al. 2003). The trends 
in coverage and condition of the seagrasses in northwest 

Florida are considered to be poorly understood (Dawes et 
al. 2004). However, seagrass research for the PBS, the focus 
of this report, has been conducted intermittently during the 
past 40 yrs (Table 1) and includes four major aerial surveys 
conducted since the 1960s. The objectives of this report are 
to summarize the results of the 2003 aerial survey and to 
compare the results primarily to those for the previous sur-
vey conducted during 1992.

Materials and Methods

Study Area 
The PBS is located in northwest Florida and its watershed 

consists of about 18,000 km2 of forests, agricultural lands, 
and urban and industrial areas (Figure 1). It is the fourth 
largest estuary in Florida and extends 32 km inland and 
comprises about 886 km of coastline and 435 km of inland 
waterways. Mean water residence time is about 25 d (Solis 
and Powell 1999). The PBS is comprised of five subsystems: 
Big Lagoon, East Bay, Escambia Bay, Pensacola Bay, and San-
ta Rosa Sound (Figure 1, Table 2). Santa Rosa Sound and 
Big Lagoon are marine lagoons that are parallel to the GOM 
and retain high salinities due to limited freshwater input. 
Both areas contain sections that are classified as Outstand-
ing Florida Waters (FDEP 2001).

Aerial Surveys
Although aerial surveys of the PBS are available since the 

1940s, only those conducted during 1960, 1980, 1992 and 
2003 were specific for determining seagrass coverage. Re-
sults of the 1960, 1980, and 1992 surveys have been report-
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Variability in Estimating Abundance of Postlarval 
Brown Shrimp, Farfantepenaeus aztecus (Ives), 
Migrating into Galveston Bay, Texas.

Abstract: Three sets of monitoring data were used to examine the variability associated with abundance estimation of 
postlarval brown shrimp, Farfantepenaeus aztecus (Ives) in Bolivar Roads, Texas—the main connection between the Gulf 
of Mexico and Galveston Bay. Abundance of postlarvae (PL) caught with Renfro beam trawl varied greatly in different 
years on the same dates. A “spring peak” of brown shrimp PL migrating into Galveston Bay was found for 2 April with a 
quadratic regression fit to 6-day moving averages of daily mean abundance from 22 yrs of monitoring data: Ln(PL+1) = 
0.8736 + 0.09037Day - 0.0004934Day2 (adj-R2 = 0.83, n = 159), where Day is Julian day. Abundance varied by four 
orders of magnitude (0 to 24,616 PL/tow) in just 4 d during a four-week intensive monitoring of PL during the 1987 spring 
peak. Abundance also varied by three orders of magnitude between the North and South Jetty sites during the same col-
lection time. During a third study, PL abundance varied by two orders of magnitude along 360 m of the beach in < 4 hr. 
These investigations demonstrate that detecting significant differences in PL shrimp abundance in a pass requires substantial 
sampling that may not be logistically possible. However, best estimates could be obtained by including as many dates as 
possible, followed by including more sites, and finally by collecting during both day and night. Conclusions drawn from 
abundance studies of PL shrimp, fish, and crab immigrants through estuarine passes that are based on only a few samples 
should be reviewed. 

Geoffrey A. Matthews
NOAA Fisheries, Galveston Laboratory, 4700 Ave U, Galveston, Texas 77551, e-mail: geoffrey.matthews@noaa.gov

Introduction

The brown shrimp, Farfantepenaeus aztecus (Ives), is a 
key commercial species in the shrimp fishery of the north-
western Gulf of Mexico (GOM). Most adults inhabit water 
depths of 20-65 m (Darnell et al. 1983, Neal et al. 1983) 
and spawning and larval development occur in these wa-
ters. Postlarvae (PL) migrate into the bay where they grow 
for about three months in salt marshes (Zimmerman and 
Minello 1984). Then, as advanced juveniles or sub-adults, 
they migrate back through the bays to the GOM, during 
which time they recruit to the bait and bay shrimp fisher-
ies. All shrimp fisheries are valuable, are managed based 
on age-0 individuals (J. Nance and F. Patella, pers. comm., 
NMFS, Galveston, TX), and are characterized by large vari-
ability in annual catches (Klima et al. 1986). It is beneficial to 
commercial shrimp fishers and resource managers to have a 
forecast of the upcoming harvest, and the abundance of im-
migrating PL is a potential indicator of shrimp harvest (Bax-
ter 1963, Berry and Baxter 1969, Baxter and Sullivan 1986). 

Various attempts to establish an early forecast using PL 
abundance have been unsuccessful (Williams and Deubler 
1968, Berry and Baxter 1969, Sutter and Christmas 1982, 
DeLancey et al. 1994). These forecasting models have relied 
upon three important assumptions: (1) mortality rates for 
young brown shrimp in the estuary are either constant or 
vary in a regular manner seasonally from year to year; (2) the 
majority of recruitment of PL shrimp to estuarine nurseries 
occurs during the same months each year; and (3) accurate 
estimates of PL immigration to bays and estuaries have been 

obtained. Mortality rates of juvenile shrimp can be highly 
variable on a weekly or annual basis, but few measurements 
of this mortality are available (Minello et al. 1989). Accurate 
estimates of the influx of PL might not be possible; even the 
precision of such estimates has been studied only to a limited 
degree (Berry and Baxter 1969, Caillouet et al. 1968, 1970, 
Lochmann 1990). Only about 60% of the age-0 shrimp re-
cruit to the fishery during the early summer, the rest recruit 
mostly during the next four months. The PL for the sum-
mer recruitment enter the estuaries in late winter and early 
spring, and Berry and Baxter (1969) hypothesized that the 
magnitude of the spring peak immigration might control 
fishery recruitment for that year. However, during winter 
and spring Arctic frontal passages, when the water is chilled 
and blown out of the estuaries by north winds (i.e. during a 
“blue norther”), the immigration of PL is delayed (Wenner 
et al. 1998, Blanton et al. 1999, Benfield and Downer 2001). 
These events weaken temporally-dependent models, increase 
the variability in the rate of PL immigration, and increase 
the variability in estimated density obtained by sampling.

Brown shrimp larvae grow and develop as plankton in 
shelf waters of the GOM, and many factors lead to a patchy 
distribution as the PL migrate towards shore and immigrate 
through passes into bays. As meroplankton, their distribu-
tion is governed by seasonal circulation patterns, shelf gyres, 
wind-driven coastal and tidal currents (Temple and Fischer 
1965, 1967, Temple and Martin 1979), and by wind and tem-
perature controlled upwelling and downwelling (Wenner et 
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Abstract: Little is known about seagrass fish communities in the southern Mexican Caribbean. Diurnal and nocturnal 
fish community structure in seagrass habitat were compared between back-reef lagoons using a visual census technique in 
a natural protected area within a national park (Xcalak) and an unprotected area (Mahahual). Seagrass fish communities 
differed significantly between the two locations in the daytime and Xcalak supported greater total fish densities. Species 
richness did not differ statistically between locations. Observed nighttime fish communities were characterized by low spe-
cies richness and low fish abundance when compared to diurnal communities. Heavy tourist use and coastal development 
may have degraded seagrass habitat at Mahahual causing lower fish abundance. Also, proximity of seagrass to man-
grove habitat in Xcalak may have led to increased abundance and differences in species composition between locations. 
More extensive analysis and monitoring of the relative functioning of back-reef habitats in these two systems is needed as 
coastal development and fishing pressure continue to threaten the area. 

Resumen: No se conoce mucho sobre la comunidad de peces en pastos marinos en el sur del Caribe mexicano. La estruc-
tura de las comunidades de peces nocturnas y diurnas en pastos marinos se obtuvo mediante censos visuales y se comparó 
entre la laguna arrecifial de un área protegida (Parque Nacional Arrecifes de Xcalak) y un área no-protegida (Mahahual). 
Las comunidades de peces fueron diferentes significantemente entre los dos sitios durante el día, Xcalak registró las mayores 
densidades de peces. No existe diferencia estadísticamente significativa con respecto a la riqueza de especies entre sitios. 
Las comunidades de peces nocturnas presentaron valores bajos de riqueza de especies y de abundancia con respecto a 
las comunidades diurnas. El desarrollo turístico y costero de Mahahual, podrían estar degradando el hábitat de pastos 
marinos, y como consecuencia el registro de bajas abundancia de peces. En contraste, en Xcalak, la proximidad del 
ecosistema de manglar adyacente a los pastos marinos podría estar influenciando con una mayor abundancia de peces 
y cambios en la composición de especies con respecto a Mahahual. Mientras en el área continué el desarrollo costero 
y la pesca en el área, es necesario un análisis más extensivo (escala temporal y espacial) del funcionamiento de ambas 
lagunas arrecifales.

Introduction

Seagrass beds are among the most productive aquatic 
ecosystems in the world (Duarte and Chiscano 1999) 
and support diverse communities of fishes and inver-
tebrates. These habitats are an important component 
of the tropical marine environment, and are linked to 
mangrove and coral reef habitats through fluxes of nutri-
ents and organisms (Parrish 1989, Adams et al. 2006). 

Human use or alteration of back-reef biotopes may 
change their ecological functioning. Coastal development 
and tourist use of back-reef environments have the po-
tential to degrade habitat through loss of structural com-
plexity or decreased food quality. Globally, seagrass cover-
ages have declined dramatically associated with human 
environmental degradation (Orth et al. 2006). Also, fish-
ing that often targets larger piscivores may lead to shifts 
in trophic structure and subsequent community cascades 
in coastal systems (Chiappone et al. 2000, Graham et al. 
2003, Mumby et al. 2006). Understanding the effects of an-

thropogenic impacts on habitat function becomes a high 
priority as humans continue to alter many habitats im-
portant to ecologically and economically valuable species. 

The Mexican Caribbean supports the northern extent of 
the Mesoamerican Barrier Reef Tract. The Parque Nacional 
Arrecifes de Xcalak is located on the southern Caribbean 
coast of Mexico, and development and fishing are restricted 
within this reserve. However, moderate fishing pressure still 
exists within the park boundaries as much of the town of 
Xcalak relies on artesanal fishing. Mahahual is an unprotect-
ed location with increasing tourist use after the construction 
of a cruise ship pier in 2000. Fishing pressure has declined in 
Mahahual as tourism has taken over as the primary economic 
activity. This provides the opportunity to compare sites with-
in the reserve with comparatively less coastal development to 
sites at an unprotected location where coastal development 
and use of the reef lagoon has dramatically increased. As 
development continues to threaten coastal ecosystems and 
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IN SEAGRASS HABITAT IN TWO BACK-REEF LAGOONS OF 
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Abstract: Isocheles sawayai is a hermit crab that is occasionally mentioned in the literature, and recently its distribu-
tion was extended to Venezuelan waters. Because no information on the biology and shell use patterns of this species 
inhabiting Caribbean waters is available, we provide the first information on shell occupation patterns of I. sawayai 
from Venezuela. Specimens were collected monthly from January to December 2000 along the sandy shore of Margarita 
Island, Venezuela. The 942 specimens collected showed different shell use patterns between the sexes and according to 
the reproductive condition of the females. The gastropods Leucozonia nassa (37.37%), Engoniophos unicinctus (25.37%), 
Nassarius vibex (4.88%), Melongena melongena (4.25%), and Stramonita haemastoma (3.82%) represent 76% of the 
total occupied shells. Of the total of 26 different shell species occupied by I. sawayai, males were found occupying 21, 
while females were found occupying all 26 shell species. In general, both sexes most frequently occupied L. nassa and 
E. unicinctus. However, the percentage of females occupying these shells was significantly higher than that of the males. 
Regression analyses showed the best correlation between crab size, shell aperture width, and shell internal volume. The 
current comparative investigation, in combination with other South Atlantic populations of I. sawayai, provided further 
evidence of shell use adaptation in hermit crabs from different areas, and increases our insight into shell use of shallow-
water hermit crabs. 
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SHELL UTILIZATION PATTERN BY THE HERMIT CRAB ISOCHELES 
SAWAYAI FOREST AND SAINT LAURENT, 1968 (ANOMURA, 
DIOGENIDAE) FROM MARGARITA ISLAND, CARIBBEAN SEA, 
VENEZUELA

Introduction

Hermit crabs are an interesting group from a biological 
and evolutionary  viewpoint, especially in regard to their 
intriguing mechanisms of shell use. The borrowed shells of 
gastropods provide protection against predators and physical 
stress, and often constitute a limiting resource for hermit crabs 
(e.g., Reese 1969, Vance 1972, Fotheringham 1976a, Bertness 
1981a) in terms of growth, reproduction, and social behavior. 

Although many studies have been published on hermit 
crab shell occupation worldwide, the parameters by which a 
particular shell is chosen by a hermit crab are not completely 
known (Meireles and Mantelatto 2005). Studies on gastro-
pod shell availability, patterns of shell use and selection, and 
the relationship between these factors constitute an initial 
part of a long-term effort undertaken to identify and clarify 
important parameters affecting this process (Mantelatto and 
Meireles 2004). The patterns of shell use vary among hermit 
crab populations and are influenced by several factors, such as 
the type and size of available shells, the inhabited area (inter-
tidal or sublittoral area), and the hermit crabs’ shell preference 
(Garcia and Mantelatto 2000, Mantelatto and Garcia 2000).

The genus Isocheles Stimpson, 1858 is known taxonomi-

cally, but there is a lack of basic biological information. 
For the five species in the genus reported in American 
tropical and subtropical waters, there are only brief refer-
ences concerning their distributions (see Forest and Saint 
Laurent 1968, Nucci and Melo 2000, Guzmán 2004), and 
a recent study on molecular phylogeny (Mantelatto et al. 
2006). In relation to Isocheles sawayai Forest and Saint Lau-
rent 1968, the available information is restricted to data on 
specimens from the Brazilian coast that deals with the mor-
phology of larval stages (Negreiros-Fransozo and Hebling 
1983), shell use (Pinheiro et al. 1993, Fantucci et al. 2008), 
and records of intersex individuals (Fantucci et al. 2007).

Although shell use by hermit crabs has been examined in 
other areas of the world (see Mantelatto and Garcia 2000 for 
review), to our knowledge no detailed and systematic study 
has been carried out on the hermit crab fauna of the Carib-
bean or Atlantic region of Venezuela. Here we report the 
first observations on the patterns of gastropod shell occupa-
tion by a population of I. sawayai inhabiting the sandy shore 
of Isla Margarita, Venezuela, with emphasis on morpho-
metric relationships between hermit crabs and their shells.
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Abstract: Considerable knowledge has been gained regarding fish use of nearshore habitats such as seagrass mead-
ows or mangrove lagoons in the Caribbean (e.g., evaluation of nursery value, trophic linkages). However, few stud-
ies have been conducted on fish recruitment to seagrass habitat around the Caribbean. Juvenile reef fish in seagrass 
meadows at Teague Bay, St Croix, U.S. Virgin Islands were surveyed from October 1998 through September 1999 
using a visual census technique. Grunts (Haemulidae) were the most abundant juveniles observed (60% of all fish), fol-
lowed by wrasses (Labridae, 20%) and parrotfishes (Scaridae, 13%). French grunt, Haemulon flavolineatum, were the 
most numerous species (59.5% of all fish), followed by slippery dick, Halichoeres bivittatus (18.5%), and bucktooth 
parrotfish, Sparisoma radians (10.4%). Most numerically abundant fish species demonstrated peaks in recruitment dur-
ing late summer and fall. Our results imply that the functioning of seagrass beds incorporates strong seasonal patterns 
of small-fish abundance that need to be accommodated in any study wishing to understand their importance to fisheries.

Introduction

Seasonal patterns of recruitment have been studied exten-
sively in coral reef habitats at various locations, such as Great 
Barrier Reef, French Polynesia, Hawaii, and the Caribbean 
(Williams and Sale 1981, Eckert 1984, Walsh 1987, Doherty 
1991, Dufour 1993, Casselle and Warner 1996, Planes 1997, 
Robertson and Kauffman 1998). However, there have been 
no studies on seasonal fish recruitment patterns within dif-
ferent coastal habitats such as seagrass beds, mangroves, and 
backreefs, despite the widely accepted view of these habi-
tats as juvenile nursery grounds (Nagelkerken et al. 2000a, 
2000b, Cocheret et al. 2002, Mumby et al. 2004). Ogden and 
Gladfelter (1983) claim these nearshore habitats act as nurs-
eries for three main reasons: 1) they are located away from 
the heavy predation pressure characteristic of coral reefs, 2) 
they offer protection to small fishes due to the structural 
complexity of masses of leaves and roots, and 3) they provide 
a rich food supply based on plant detritus and associated 
microorganisms and small invertebrates. In addition, most 
studies of nearshore tropical fish habitat use (Nagelkerken et 
al. 2000a, 2000b, 2001, Cocheret et al. 2002, Halpern 2004, 
Mumby 2004, Chittaro et al. 2005) were conducted in short 
periods of time (1 to 4 months) without taking into consid-
eration the seasonality of these species. Thus, it is critical to 
investigate seasonality of fish recruitment in seagrass beds 
in order to refine our knowledge of coastal fish habitat use.

Because critical seagrass habitats are generally close to 
shore, they are susceptible to anthropogenic disturbances 
such as storm-water and pollutant runoff and spills and me-
chanical damage by boats. With growing fears that stock res-
toration efforts are being compromised more by habitat loss 
from coastal development and by pollution than by overex-

ploitation, conservation of habitats (such as seagrass mead-
ows) is becoming an important part of fisheries management.

In order to support informed decisions for the sustain-
able management of marine fish and their habitats, there 
is a vital need for more documentation on the seasonality 
of habitat use by small juveniles. The goal of this study was 
to document temporal recruitment patterns in the fish as-
semblages in seagrass meadows in the U.S. Virgin Islands. 
This study was designed to answer the following ques-
tions: (1) Are there significant variations (order of magni-
tude) in recruitment patterns among the most abundant 
seagrass fish species? (2) Are there clear seasonal patterns 
in recruitment among seagrass-associated fish species?

Materials and Methods
The three embayments sampled in this study (Cottongar-

den Bay, Teague Bay, and Yellowcliff Bay) are part the Teague 
Bay bank-barrier reef system that extends from Pull Point to 
Lamb Point on the Northeast coast of St. Croix (Figure 1). 
This lagoon is described in Mateo and Tobias (2001). All 
seagrass meadows were found at similar depths (0.5 m to 3 
m), and the vegetation within beds was dominated by tur-
tlegrass Thalassia testudinum and manatee grass Syringodium 
filiforme with percent seagrass coverage at about 80%. From 
October 1998 through September 1999, fish recruits (re-
cently settled post-larvae and juveniles) were counted along 
50 m x 2 m strip transects (Fowler et al. 1992). For each bay, 
a 20 m x 20 m grid pattern was laid over a nautical chart. 
Grid intersecting points were labeled with consecutive num-
bers and were the bases for selecting transect starting points 
for each embayment. Ten randomly selected starting points 
were surveyed per month for all three embayments, based 
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Introduction

Recent deep-sea sampling efforts in the Caribbean Sea 
near Trinidad and Tobago conducted by Continental Shelf 
Associates (CSA) International Inc. under contract to Petro-
Canada Trinidad and Tobago Ltd. have revealed a rich as-
semblage of tanaidaceans and other peracarideans. Samples 
were collected by CSA in the wet (November-December 
2006) and dry (May-June 2006) seasons, and both collec-
tions included specimens of a new species of Carpoapseudes. 
Several other new apseudomorphs and tanaidomorphs were 
also found which will be the subject of future reports. Recent 
studies have shown that the ranges of some Caribbean deep-
sea tanaids overlap with those in the Gulf of Mexico (GOM; 
T.J. Hansknecht, unpublished data), although no published 
records of the genus Carpoapseudes have been reported for 
GOM waters (Larsen 2005) or the Caribbean Sea. The nearest 
reported species (Larsen 1999) in the genus is Carpoapseudes 
prospectnes Larsen, 1999 from the South Atlantic off Brazil.

Guţu (1972) originally proposed the subfamily Leiopinae 
to include the genera Carpoapseudes and Leiopus Beddard, 
1886 that have a first pereopod stronger than the follow-
ing ones and a maxillipedal endite bearing a specialized in-
ner distal seta with a leaf-shaped form. The genus Carpoap-
seudes Lang, 1968 consists of a group of 17 large, deep-sea 
apseudomorphs, from all major oceans. These tanaids are 
characterized by a lengthening of the carpus on pereopod 1 
as compared to the merus (Guţu, 1980). In contrast, Băcescu 
(1982) reported Carpoapseudes curticarpus from the NE Atlan-

tic which is the first known species with a pereopod 1 carpus 
shorter than the merus, and Carpoapseudes prospectnes Larsen, 
1999 as the first member of the genus with the carpus of pe-
reopod 1 equal to the merus in length (Larsen 1999). Mem-
bers of this genus also share a characteristic male cheliped 
morphology with a large triangular tooth on the propodal 
fixed finger. Guţu (1996) later presented a key to the thirteen 
known species of Carpoapseudes based, in part, on a compari-
son of the rostral lengths, pereopod 2 carpal length relative 
to that of the merus, and the length of the exopod relative 
to that of the basis of the cheliped. Other key characters 
included the number of antennule and antenna articles of 
the flagella and the presence or absence of branchial spines.

Other members of the genus have been described world-
wide. For example, Carpoapseudes caraspinosus Dojiri and Sieg, 
1997 was described from California and was the second species 
of the genus to be found with lateral spines on the carapace, 
and Carpoapseudes spinigena Bamber, 2007 and Carpoapseudes 
varindex Bamber, 2007 have recently been described from the 
Kurile-Kamchatka and the Japan trenches. The purpose of 
this study was to report the first occurrence of this genus in the 
Caribbean Sea and describe a new species of Carpoapseudes.

Materials and Methods

Shipboard samples were collected by CSA using a 
0.35-m² box corer, and infaunal samples were preserved in 
10% formalin, stained with Rose Bengal, sorted, and then 

Abstract: Carpoapseudes heardi n. sp. is described from samples collected from depths of 421 and 537 m off 
Tobago and is the first Caribbean record for the genus. The new species bears a resemblance to Carpoapseudes  
serratospinosus Lang, 1968 and other related species in the shortened dactylus unguis combination of pereopod 1, 
but has parallel eyespines like Carpoapseudes bacescui Guţu, 1975 and Carpoapseudes simplicirostris (Norman and 
Stebbing, 1886). Other diagnostic characters include pereopods 2 and 3 with basal spurs, labrum with paired lobes, 
labial palp with two terminal setae, maxillipedal bases with outer crenulations, and pleopods with 1-articled rami. It was 
found to lack an epistomal spine and has an unusual form of the third pereopod short propodal spine. 

Resumo: Carpoapseudes heardi sp. nov. é descrito de amostras coletadas em profundidades entre 421 e 537 m ao 
largo de Tobago, o primeiro registro do gênero no Caribe. A nova espécie se assemelha a Carpoapseudes serratos-
pinosus Lang, 1968 e outras espécies no encurtamento da combinação dátilo-unguis no pereópodo 1, mas possui lobos 
oculares paralelos como Carpoapseudes bacescui Guţu, 1975 and Carpoapseudes simplicirostris (Norman e Stebbing, 
1886). Outros caracteres diagnósticos incluem pereópodos 2 e 3 com esporas basais, labrum com lobos pareados, 
palpo labial com duas cerdas terminais, base do maxilípede com crenulações externas e pleópodos com ramo uniar-
ticulado. É diferenciada pela ausência do espinho do epistoma e possui um curto e incomum espinho no própodo do 
terceiro pereópodo. 
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Introduction

Data on the reactions by cetaceans to aircraft flying over-
head (or in the near vicinity) are limited (e.g., Richardson 
et al. 1995, Patenaude et al. 2002). This information is im-
portant for assessing potential effects of aircraft on feder-
ally protected species, such as sperm whales (Physeter mac-
rocephalus) particularly in association with offshore oil and 
gas exploration in the northern Gulf of Mexico (NGOM) 
and elsewhere. As noted in the draft recovery plan for the 
sperm whale, “the severity of the threat is unknown for 
sound-producing factors (including aircraft) related to the 
oil and gas industry” (NMFS 2006). Sperm whales in the 
NGOM are well-known to occur in areas of intense oil and 
gas exploration and development activities (e.g., Jochens et 
al. 2006). Helicopters (as well as work boats) are used to 
transport workers to and from operating offshore platforms 
in the NGOM. These helicopter operations occur between 
the water’s surface and altitudes of ~2,135 m (e.g., Daska-
lakis and Martone 2004). Low altitudes are flown during 
approaches to and departures from offshore platforms. 
The NOAA Fisheries currently includes in its biological 
opinions, a conservation recommendation that permit 
holders maintain helicopter traffic over the NGOM at al-
titudes above 305 m, if practicable, to avoid disturbance to 
whales and sea turtles. It is projected that an average rate 
of 25,000-55,000 helicopter operations will occur annually 
in the Central Planning Area (including the Mississippi 
River Delta area, a known high-use area by sperm whales, 
particularly females and their calves) (MMS 2006). The fre-
quency of such flights is anticipated to continue increasing 
as the number of operating offshore structures increase.

Reported behavioral reactions by sperm whales to air-
craft are sparse, highly variable, and largely anecdotal as 
summarized in Table 1. Observers since the whaling era 
began have  noted  that sperm whales tend to be  skittish 
(Whitehead 2003). When documented, sperm whale reac-
tions to both planes and helicopters range from no reac-
tion (Clarke 1956, Gambell 1968, Green et al. 1992) to 
reactions such as increased surface intervals and dramatic 
behavioral changes (Clarke 1956, Fritts et al. 1983, Mullin 
et al. 1991, Würsig et al. 1998, Richter et al. 2003, 2006). 

Given the lack of supporting data for either case, it is impor-
tant that these types of data are collected and consolidated 
into a cohesive document. Therefore, the specific objec-
tives of our paper are to report our visual observations of 
sperm whale reactions to straight-line aircraft fly-bys (i.e., 
passes), to report a unique observation of a recognized 
“stress behavioral reaction” exhibited by sperm whales dur-
ing an overhead circling by small fixed-wing aircraft, and 
to provide a summary review of published related studies.

 
Materials and Methods

Cetacean observations were made during a series of 
multi-year, line-transect aerial surveys for cetaceans conduct-
ed within 45 km from shore of the main Hawaiian Islands. 
Specifics of the survey protocol and general area descrip-
tions are detailed in Mobley et al. (2000). Briefly, surveys 
occurred over waters less than 2,000 m in bottom depth 
(Mobley et al. 2000) using small aircraft (1993, Cessna 172; 
1994 and 1995, Skymaster; and 1998, Partenavia) at an al-
titude of 245 m and a speed of 185 km/hr. Four personnel 
were aboard the aircraft during all flights: a pilot, a data re-
corder, and two observers. Time, location and altitude infor-
mation were recorded in real time using a computer linked 
to an altimeter and global positioning system every 30 sec 
and manually whenever a sighting occurred. A Hi 8-mm 
video camera and a 35-mm camera with 300 mm telephoto 
lens were used to document unusual sightings and behavior.  

Response (reaction or no reaction) by cetaceans dur-
ing an initial pass was noted as required by the NMFS re-
search permit obtained for the surveys. A “reaction” to the 
aircraft was defined as an overt change in the initially ob-
served orientation or behavior of at least one animal in a 
group; for example, an abrupt dive associated with a splash 
or display of the tail flukes, a breach, a tail slap, etc. (sim-
ilarly described by Green et al. 1992, Würsig et al. 1998, 
Patenaude et al. 2002). After the initial pass of a sighting, 
the aircraft sometimes circled over or near (usually within 

~200 m lateral distance) the sighting so that observers could 
verify species, group size, and species composition. For the 
purposes of this report, “adult” refers to non-calf whales.

AN UNUSUAL REACTION AND OTHER OBSERVATIONS OF 
SPERM WHALES NEAR FIXED-WING AIRCRAFT
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Introduction

Mangrove forests are ubiquitous in low lying coastal 
areas of tropical and subtropical zones of the world, in-
cluding the lagoons of the Sian Ka’an Biosphere Reserve, 
Quintana Roo, Mexico. Mangroves are habitat for juve-
nile fish of both oceanic and estuarine origin (Vásquez-
Yoemans 1992, Vásquez-Yoemans et al. 1992, Laegdsgaard 
and Johnson 1995). Development of the Caribbean coast 
of Mexico north and south of the Sian Ka’an Reserve is 
in large part focused on tourism-related endeavors such as 
destination resorts, scuba diving and fishing. While some 
of the development is innocuous, land acquisition for de-
velopment of resorts has fragmented mangrove habitats 
in the region and likely altered their function. It has been 
shown in other mangrove estuaries that habitat fragmen-
tation negatively impacts fish assemblages (Layman et al. 
2004). Because of the importance of mangrove estuaries as 
juvenile fish habitat, loss of mangrove habitat may result in 
noticeable effects on adult recruitment to fisheries in tropi-
cal regions. Very little is known about the composition of 
larval and juvenile fish communities within the reserve.

Ichthyofaunal surveys of mangrove-lined estuaries world-
wide have shown broadly similar taxonomic composition, 
including Eleotridae (sleepers), Gerreidae (mojarras), Mugi-
lidae (mullets), Poeciliidae (livebearers), Gobiidae (gobies), 
Clupeidae (herrings) and Belonidae (needlefish) (Austin 
1971, Blaber et al. 1989, Wright 1986, Thayer et al. 1987, 
Yáñez-Arancibia et al. 1988, Chong et al. 1990, Vásquez-
Yoemans 1992; Vásquez-Yoemans and González 1992). In 
this research, we describe the juvenile fish community of 
two connected mangrove lagoons within the Sian Ka’an 
Biosphere Reserve at the end of the dry season (May).
 
Study Area

The Sian Ka’an Biosphere Reserve includes two bays, 
Bahía de la Ascensión and Bahía Espiritu Santo, and two 
shallow lagoons, Laguna Campechén, and Laguna Boca Paila 
(Figure 1). All sampling in this study took place in the shallow 
lagoon system. The two shallow water lagoons are created by 
a long narrow sand bar, are separated from the bay systems, 

and are connected to the Caribbean Sea through Boca Paila 
inlet. The lagoon system is about 1 m deep with deeper (2 – 3 
m) channels, with fringing red mangrove (Rhizophora man-
gle), algal flats and seagrass beds. Shoal grass (Halodule sp.) 
was dense in the ocean pass (Boca Paila) and became sparse 
past the bridge and as the lagoon system extended inland.
 
Materials and Methods

Light trap sampling was conducted nightly from 7-20 
May 1999, excluding 16 May 1999. Neuston net sam-
pling was conducted during daylight hours on 9, 16 and 
21 May 1999. Sampling included parts of two lunar 
cycles but not an entire cycle due to time constraints.

Three light trap sampling (LTS) stations were selected at 
increasing distances from Boca Paila inlet (Figure 1), but 
could not be spread too far due to the difficulties of navigat-
ing the lagoons at night. Microhabitats were red mangrove 
adjacent to seagrass beds (LTS 1), red mangrove adjacent 
to sandy bottom (LTS 2), and fringing red mangrove in a 
secondary channel (LTS 3). Light trap design followed that 
of Mueller et al. (1993). Electric diving lights (similar to cy-
alume sticks) were used as a light source. Two light traps 
were set at each site at sunset and retrieved about 1 h later. 
One trap was set within the red mangrove prop root com-
plex and the second was located in the channel, about 1 m 
from the interior trap to ensure no overlap of illuminated 
areas. Upon retrieval, LTS samples were washed into 0.5 
mm mesh biobags and fixed in 10% formalin overnight .

Four neuston net sampling sites were also selected at in-
creasing distances from Boca Paila inlet and could be spread 
out further into the system since sampling occurred during 
the day (Figure 1). Microhabitats sampled were a secondary 
channel with sandy bottom fringed by red mangrove (NNS 1) 
rocky/sandy bottom adjacent to red mangrove, near a cenote 
(NNS 2), sandy bottom adjacent to red mangrove (NNS 3), 
and a seagrass bed adjacent to red mangrove (NNS 4). These 
sites were located in sufficient water depths (at least 1 m) to 
prevent the net from dragging the bottom. Neuston sam-
pling was conducted with a 3:1 aspect ratio 60 cm net of 0.33 
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Introduction

The genus Cerataspis (Gray, 1838) (Crustacea, Decapo-
da), assigned to the Penaeoidea by Burkenroad (1936) and 
Heegaard (1966), has circumglobal distribution between 
40oN and 40oS (Morgan et al. 1985) and is represented in 
the Atlantic Ocean by two rarely collected species, C. monst-
rosa and C. petiti. Descriptions of both species are based on 
the larval forms since their adult form remain undescribed 
(Morgan et al. 1985). Although the larval development of 
Cerataspis is described by five mysis stages (I-V) (Heegaard 
1966), the large larva is very un-mysid like and appears more 
like that of a megalops with the abdomen bend slightly to-
ward the thorax. Other early developmental stages and life 
history aspects of Cerataspis are unknown. The bulky shape 
of the spectacular carapace with its various tubercles, horns, 
spines and large oil droplets contained in four pair of dor-
sal carapace tubercles most likely provide buoyancy for this 
pelagic life stage (Heegaard 1966, Morgan et al. 1985). Al-
though larval Cerataspis, particularly the last three mysis 
stages, are typically pelagic, Heegaard (1966) suggested the 
adult form might be a reptant penaeoid which lives in the 
abyssal zone. 

Heegaard (1966) reported 41 specimens of Cerataspis (26 
C. monstrosa; 15 C. petiti) by mysis larval stage. Nine of the 
C. monstrosa (six from plankton samples; three from stom-
ach contents of dolphinfish (Coryphaena spp.) and 13 of the 
C. petiti (all from plankton collections) were reported from 
the Atlantic Ocean. Morgan et al. (1985) further provided 
analysis of an additional 240 specimens of Cerataspis collect-
ed during surveys conducted off the southeastern United 
States, including Batts (1972), Manooch et al. (1983), and 
Manooch and Mason (1984). One of those specimens was 
collected by plankton net, and all others were found in the 
stomach contents of either yellowfin tuna (Thunnus albac-
ares), blackfin tuna (Thunnus atlanticus), skipjack tuna (Kat-
suwonus pelamis) or dolphinfish (Coryphaena hippurus). To 
date, assessment of plankton collections and food habits of 
pelagic fishes from the Atlantic Ocean, inclusive of the Gulf 
of Mexico (GOM) (Heegaard 1966, Morgan et al. 1985), has 
provided no records of Cerataspis from the GOM. We report 
the first record of C. monstrosa from the GOM, one collected 

by plankton net and two collected from the esophagus of a 
wahoo, Acanthocybium solandri. 

Materials and Methods

A single specimen of C. monstrosa was collected from the 
GOM on 5 June 2004 at 1856 h by a Tucker trawl plankton 
net (1 m x 2 m, 0.333 mm mesh net) towed at 10m depth 
(Latitude 27o 18.7’N, Longitude 87o 28.5’W; GCRL Sta. 
04011, Coll. 19-16). Water temperature and salinity at 10m 
were 27.8oC and 36.4 ppt., respectively.

Two specimens of C. monstrosa were removed from the 
esophagus of a wahoo at the Mississippi Gulf Coast Bill-
fish Classic (Biloxi, Mississippi) fishing tournament on 5 
June 1998. The 102 cm fork length and 13.4 kg total weight  
female wahoo was caught by surface trolled hook-and-line 
gear at 1530 h from the northern GOM (Latitude 28o 30’ 
N, Longitude 86o 30’ W) (Capt. Tripp Tolbert, pers. comm., 
Fort Walton Beach, Florida). 

All specimens of C. monstrosa were photographed in fresh 
condition and fixed in 95% ethanol. Identification of C. 
monstrosa was based on morphometric characteristics of Cer-
ataspis mysis larval stages (Heegaard 1966). The fixed speci-
mens were measured (millimeters, mm) for carapace length 
(CL), carapace width (CW) and total length (TL) following 
Heegaard (1966) and Morgan et al. (1985). 

Results and Discussion

The specimen of C. monstrosa collected by plankton net 
(Figure 1, GCRL Museum catalog number GCRL2512) 
measured 8.0 mm CL, 6.0 mm CW, and 15.0 mm TL, and 
was assigned mysis stage III. This specimen represents the 
second published record of the genus Cerataspis collected 
by plankton net from the western Central Atlantic Ocean. 
The first record (mysis stage I) was reported from a 1862 
Danish expedition to the West Indies (Heegaard 1966). 
The specimen reported here was alive when removed from 
the net and quickly placed in a container with seawater for 
observation. The remarkable larva exhibited hues of pink, 
lavender and purple, coloration characteristic of many neus-
tonic organisms (Morgan et al. 1985), and its movements 
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Introduction

Gulf sturgeon (Acipenser oxyrinchus desotoi) have experi-
enced population declines over the past century, primarily 
due to the effects of impoundments (e.g., barriers and al-
tered flow regimes), water quality degradation, and overfish-
ing (USFWS, GSMFC and NMFS 1995). These declines 
prompted the listing of Gulf sturgeon as a threatened species 
under the Endangered Species Act (U.S. Fish and Wildlife 
Service 1991). Effective management of Gulf sturgeon re-
quires knowledge of its life history. Considerable effort has 
been expended in documenting the timing of the freshwater 
spawning migration and the location of habitats critical for 
successful spawning. To date, spawning sites have been iden-
tified and confirmed by the collection of fertilized eggs in 
the Apalachicola (Wooley and Crateau 1982, Wooley et al. 
1982), Choctawhatchee (Fox et al. 2000), Escambia (Craft 
et al. 2001), Pascagoula (Heise et al. 2004) and Suwannee 
rivers (Marchant and Shutters 1996, Sulak and Clugston 
1998, 1999). However, the timing and location of Gulf 
sturgeon spawning in other river systems is still unknown.

The Yellow River originates in southeast Alabama and 
flows southwest across northwest Florida into Blackwater 
Bay, near Milton, Florida. Craft et al. (2001) documented 
Gulf sturgeon movement in the Yellow River, and Berg 
et al. (2007) was able to provide a population estimate in 
2003 of 911 fish (95% confidence interval, 550-1550). The 
fact that adults move up into the Yellow River and that 
three young-of- the-year sturgeon have been collected there 
(Berg 2004) suggests that spawning takes place, although 
this had never been verified by the collection of eggs. To 
afford Gulf sturgeon in the system some protection, the 
Yellow River from Alabama State Highway 55 downstream 
to its discharge in Blackwater Bay has been designated as 
Gulf sturgeon critical habitat (USFWS and NOAA 2003).

The Gulf Sturgeon Recovery Plan (USFWS, GSMFC and 
NMFS 1995) stressed the need to provide maximum pro-
tection to Gulf sturgeon spawning habitat. The approach 
employed by various Gulf sturgeon researchers, including 
ourselves, to document spawning has been to identify po-

tential spawning habitat on the basis of physical character-
istics and/or tracking data, collect eggs, and then raise the 
eggs in the laboratory until the point where the larval fish 
can be identified (e.g., Marchant and Shutters 1996, Sulak 
and Clugston 1998, 1999). However, collecting eggs in any 
appreciable number is usually difficult, and these eggs may 
not always be viable upon return to the laboratory. Molecu-
lar methods provide an alternative means of identifying the 
species represented by an egg. Notable examples related to 
sturgeon conservation include cases where molecular mark-
ers were used to verify the sources of commercially avail-
able caviar (DeSalle and Birstein 1996, Birstein et al. 1999). 

Parauka and Giorgianni (2002) reported that potential 
Gulf sturgeon spawning habitat is present in the Yellow River; 
however, efforts to document spawning by the collection of 
eggs or larvae have been unsuccessful in the past. Herein, we 
report on the first successful collection of eggs from a poten-
tial spawning site on the Yellow River and the verification of 
their identity as Gulf sturgeon by using molecular methods.

Materials and Methods

Field Methods
Egg samplers (Marchant and Shutters 1996, Sulak and 

Clugston 1998) consisted of a red circular floor-buffing pad 
(55.9 cm or 68.6 cm diameter) anchored to the bottom with 
a rebar grapnel hook. A 6.4 m length of braided polyrope 
(0.63 cm diameter) was attached to the pad, and a float was 
tied to the end of the line to mark the location of the pad 
and facilitate retrieval. Samplers were georeferenced at the 
time of deployment with a hand-held GPS. Sixty to seventy-
seven pads were deployed from 11 April to 13 May 2005 
at five potential Gulf sturgeon spawning sites in the Yel-
low River (60-65 pads at three sites between rkm 123-134; 
10-12 pads at two sites between rkm 95-100, Figure 1). Pa-
rauka and Giorgianni (2002) identified these sites as hav-
ing the limestone, cobble, and hard substrate composition 
characterized by other researchers as being associated with 
documented Gulf sturgeon spawning (Marchant and Shut-
ters 1996, Sulak and Clugston 1998, 1999, Fox et al. 2000, 
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BEHAVIOR OF AN ESCOLAR LEPIDOCYBIUM FLAVOBRUNNEUM 
IN THE WINDWARD PASSAGE AS DETERMINED BY POPUP 
SATELLITE ARCHIVAL TAGGING

short communication

Introduction

The escolar, Lepidocybium flavobrunneum (Smith), is a large 
gempylid fish found world-wide in tropical and temperate 
pelagic waters. The body is a uniform dark brown, with a 
sinuous lateral line, 4-6 dorsal and anal finlets, one main 
and two accessory keels on the caudal peduncle, and large 
greenish eyes (Smith 1997, Nakamura and Parin 2001). Little 
is known about the basic ecology of escolar but it is believed 
to feed primarily on squid, crustaceans, and a broad variety 
of fishes (Nakamura and Parin 1993). Very little is known 
of vertical or horizontal movement patterns, although com-
mercial pelagic longline fishery catch records and scientific 
surveys suggest that this species inhabits mesopelagic waters 
between 200-885 m during the day and migrates vertically 
into epipelagic waters at night (Nakamura and Parin 1993). 
More recent work with pelagic longline gear has demon-
strated that the species is occasionally caught at depths of < 
50 m during overnight sets (Kerstetter and Graves 2006a).

The Windward Passage (Figure 1) is a deep-water strait 
in the northern Caribbean between the Republic of Cuba 
on the west and the island of Hispaniola (Republic of Haiti) 
on the southeast. It is about 80 km wide and is over 1700 
m deep within the central channel. The Windward Passage 
is also characterized by seasonal variation in water flow and 
stratified temperature regimes at depth (Gunn and Watts 
1982). This location was the site of a seasonal United 
States-based pelagic longline fishery targeting large sword-
fish (Family: Xiphiidae) that occurred primarily during the 
winter and spring months from December through March 
(NMFS 1999). However, due to international boundary 
issues, the U.S. fleet has been prohibited from fishing in 
the Windward Passage since 2004. Anecdotal reports sug-
gest that escolar caught in this area by the pelagic longline 
fishery were larger than those caught elsewhere (Captain 
A. Mercier, F/V Kristin Lee and Captain G. O’Neill, F/V 
Carol Ann, pers. comm.). In addition to being one of the 
more common species in the historical Windward Passage 

fishery1, escolar has become an increasingly valuable inci-
dental retained catch in other areas for the fleet as a whole. 

In June 2003, fisheries research was conducted in the Wind-
ward Passage using a chartered commercial pelagic longline 
vessel (Rice and Snodgrass 2003). This paper describes the 
habitat use by an escolar in this location tagged with a pop-
up satellite archival tag (PSAT) that remained attached to 
the fish for 14 d. Data recovered from the PSAT were used 
to directly document diel vertical migration and ambient 
temperature range for the first time in a mesopelagic teleost.
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Figure 1. 
Tagging (circle) and first transmission (star) locations for a PSAT 
tagged escolar in the Windward Passage, June 2003. The 
minimum straight-line distance between these two points was 
44.4 km. 

1	 NMFS Pelagic Observer Program data, 1992-2003. 
Available on-line at http://sefsc.noaa.gov/observerdata.jsp




