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Abundance and Distribution of Two Species of Squilla 
(Crustacea: Stomatopoda: Squillidae) in the Northern 
Gulf of Mexico

Introduction

Mantis shrimp (Crustacea: Stomatopoda) are benthic 
crustaceans that can be divided into two groups based on 
the morphology of their raptorial appendages: smashers 
and spearers (Caldwell and Dingle 1976). Spearer stomato-
pods represent one of the most commonly found marine 
fauna collected during trawling activities on the continental 
shelves in tropical and subtropical regions (Hendrickx and 
Sanchez-Vargas 2005). Stomatopods are very common in 
marine waters around the world with around 500 species 
being described (Muller 1994), and this group is ecologically 
and economically important. They often prey upon com-
mercially important penaeid shrimps, make up a large por-
tion of the bycatch in the shrimping industry (Hendrickx 
and Sanchez-Vargas 2005), oxygenate and release nutrients 
to the benthic habitat by burrowing into the sediment, and 
are commercially harvested in Europe and Asia. 

 Stomatopods are fished commercially and used mainly 
in animal feed and pet food, as biomonitors for toxicity, 
and for human consumption. Analyses of the nutritional 
content of Squilla have determined the suitable uses and 
quantities needed for animal feed (Nandeesha et al. 1989, 
Lekshmy Nair et al. 1991, Reddy et al. 2004). Mantis shrimp 
in the genus Squilla are also used as biomonitors for heavy 
metals and are useful in determining the pollution levels 
in waters from environmental disasters and from industrial 
pollution (Blasco et al. 2002, Storelli and Marcotrigiano 
2002). Because the abundance, recruitment, and diversity 
of stomatopods are negatively correlated with contaminat-
ed waters (Risk and Erdmann 2000), monitoring mantis 
shrimp populations may be an efficient way to estimate pol-

lution levels.
Several species of mantis shrimp are commercially har-

vested and all are in the family Squillidae. Squilla mantis Lin-
naeus 1758 is commercially fished, consumed by humans 
in Europe (Abello and Martin 1993), and is of considerable 
economic importance as the largest crustacean fishery in the 
Adriatic Sea (5,000 tons/yr) (Froglia and Giannini 1989, 
Blasco et al. 2002, Chakraborty et al. 2002). Oratosquilla 
neap Latreille 1825, fished off the coast of India, is used 
in carp diets, poultry feed, and manure (Sukumaran 1987, 
Nandeesha et al. 1989). Erugosquilla massavensis Kossmann 
1880 is fished commercially in the Mediterranean (Maynou 
et al. 2005), and Kempina mikado Kemp and Chopra, 1921 is 
currently fished in the East China Sea (Hamano et al. 1996). 
Oratosquilla oratoria de Haan 1844 is used in sushi and in 
animal feed, has been highly sought in a commercial fish-
ery off of Japan for the last 40 years, and is the most com-
mercially valuable species in the bottom-trawl fishery with a 
yearly landing of over 5,000 tons (Yamazaki 1986, Ohtomi 
et al. 1992, Kodama et al. 2004). 

The northern GOM is a main commercial fishing area 
for penaeid shrimp, and Squilla is one of the most abundant 
bycatch organisms in this region and in the Atlantic Ocean 
(Wenner and Wenner 1988), and it is thought to prey heav-
ily upon penaeid shrimp.  Fishers discard Squilla caught in 
shrimp fisheries and most are dead when discarded (Kesa-
van Nair and Iyer 1990). Squilla empusa Say 1818 and S. chy-
daea Manning 1962 are distributed in the GOM and the 
Atlantic Ocean (Manning 1969). Both species are similar 
in morphology of the raptorial appendage and telson spina-
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Abstract: Stomatopods (mantis shrimps) are predatory benthic crustaceans. Mantis shrimp in the genus Squilla are 
frequent bycatch animals unintentionally collected in conjunction with the shrimp fishery in the Gulf of Mexico (GOM). 
Their carcasses are discarded instead of being retained for human consumption, fish meal, or other protein-based food 
products. The size, depth, salinity, and temperature distributions of these species, as well as their abundance based on 
gender, were examined to gain biological information that would be necessary if a fishery were to develop in the GOM. 
I collected samples (n = 2,854) of Squilla empusa and Squilla chydaea in the northern GOM at depths of 1–96 m at 56 
stations. Squilla chydaea was generally collected in greater abundance and in deeper water compared to S. empusa, 
even though the biomass of S. empusa collected in this study was larger than that of S. chydaea. For both species, 
individuals were larger in body length and wet weight in the winter, but more individuals were collected in the summer. 
Female S. chydaea dominated the catch in summer; there was no seasonal difference in sex ratio for S. empusa. The 
potential for commercial harvesting of mantis shrimp in the northern GOM is discussed and compared to other mantis 
shrimp fisheries.
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Introduction

The function of mangroves and seagrass beds as nurs-
ery areas for coral reef fishes is well established (Heck et 
al. 2003, Mumby et al. 2004, Adams et al. 2006). The pro-
cesses and mechanisms of connectivity from the back reef, 
e.g., mangroves and lagoons, across seagrass beds to the 
fore reef have been reviewed by several authors (Beck et al. 
2003, Hughes et al. 2005, Sale et al. 2005, Cowen et al. 
2006). At the species level, it is clear that there are more 
questions than answers about the function of backreef zones 
for coral reef fishes. Some species appear to be strongly de-
pendent on seagrass and mangrove habitats (Nagelkerken 
et al. 2002, Dorenbosch et al. 2004), while other findings 
caution against a generalized hypothesis that back reefs are 
nursery habitats (Chittaro et al. 2005, Dorenbosch et al. 
2007). There is some debate whether back-reef habitats sig-
nificantly contribute to the fish population of the coral reef 
or only function as additional habitats (Beck et al. 2003, 
Heck et al. 2003). 

One challenge is our inability to clearly define nursery 
habitats for coral reef fishes (Dahlgren et al. 2006, Sheaves 
et al. 2006, Layman et al. 2006). Based on visual census data 
in different habitats, Nagelkerken et al. (2002) suggested 
just 4 species heavily dependent on lagoons as nurseries. 
Seven additional species used the lagoon, but there was in-
sufficient evidence to classify the lagoon as a nursery area. 
Dorenbosch et al. (2004) suggested that some species are 
highly dependent on the presence of bays with seagrass beds 
and mangroves as nurseries at the scale of whole islands. 

Mangrove habitats can be obligate nursery areas for the rain-
bow parrot fish, Scarus guacamaia, (Dorenbosch et al. 2006), 
and adult densities can be significantly greater at reefs with 
adjacent mangroves (Mumby et al. 2004). 

In contrast, Chittaro et al. (2005) found that only 4 of 
the 6 most abundant and commercially important species 
(Haemulon flavolineatum, H. sciurus, Lutjanus apodus and L. 
mahogoni) showed higher numbers of juvenile fish in man-
grove and/or seagrass habitats with adjacent coral reefs, and 
at just 4 of 9 sites studied. Dorenbosch et al. (2007) found 
that most fish species using seagrass and mangroves as ju-
venile habitats were absent from, or showed reduced densi-
ties on adjacent, but distant coral reefs (> 9 km away). They 
proposed that seagrass and mangrove areas should not be 
generalized as juvenile habitats because habitat configura-
tion, e.g., distance between, may limit connectivity between 
mangroves, seagrass beds, and coral reefs.

In a recent review, Adams et al. (2006) classified coral 
reef fishes based upon their inter-habitat, ontogenic migra-
tion patterns. The authors define Group A as habitat spe-
cialists using the same habitat at all life stages, Group B as 
habitat generalists which are not site-attached and use a va-
riety of habitats, and Group C as ontogenetic shifters. The 
latter species switch habitats during their life, such as the 
transition from settlement to juvenile to maturing adults. 
Habitat connectivity from back to fore reef is predicted to 
be critical for such species. Results by Gratwicke et al. (2006) 
showed that a detailed review of the natural life-history strat-

Abstract: The abundance of selected fish species was estimated using the stationary visual census technique in the 
northwestern region of the Cuban shelf. A total of 26,809 individuals of 32 species were counted in 1,172 stationary 
point censuses made at 10 reef sites along the coast. We found that the abundance patterns were most probably the con-
sequence of the presence/absence of mangroves and seagrass beds in adjacent lagoon areas. A second factor influencing 
the spatial variation appeared to be overfishing on an east-west gradient, with lower abundances of commercially targeted 
species near Havana City in the east. 

Resumen: La abundancia de especies de peces seleccionadas fue estimada usando una técnica de censo visual esta-
cionario en la región noroccidental de la plataforma cubana. Se realizaron 1,172 censos puntuales estacionarios en 
10 sitios arrecifales a lo largo de la costa. Se contaron en total 26,809  individuos pertenecientes a 32 especies. Se 
encontró que los patrones de distribución de abundancia son muy probablemente la consecuencia de la presencia o no 
de manglares y pastizales marinos en las áreas lagunares adyacentes. Un segundo factor que influye en la variación 
espacial parece ser un gradiente de sobrepesca en la dirección este-oeste, con abundancias menores de peces comer-
ciales cerca de la Ciudad de La Habana, en el este.
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Abstract: Spatial and temporal change in turtlegrass (Thalassia testudinum) habitat of the South Water Caye Marine 
Reserve (SWCMR) in Belize were analyzed using satellite images backed up with ground-truth data. We had two pri-
mary objectives. First, we wanted to determine areal expanse of seagrass across a large area (~12 km by 3 km) of the 
SWCMR, and address its change over time. We used paired satellite images taken during 2001 and 2005 to determine 
coverage by seagrass and measure temporal variables. These analyses recorded an overall seagrass loss of 1.8% (52.3 
ha) during the 4 yr period. Secondly, we wanted to determine whether seagrass gains or losses were consistent across 
the study area. Replicate sampling was used as a statistical basis and confirmed a significant loss of seagrass across 
the region. It also helped identify two regions of significant seagrass loss; one 600 ha area lost 12.4% of its seagrass; 
another 240 ha area lost nearly 40%. These components helped us assess seagrass habitat in an area perceived as 
critical to Belize fisheries, and provided the scale and statistical rigor necessary to adequately assess a broad region of 
study. The salient results from our study were not the magnitude of seagrass loss per se, but the loss in seagrass habitat 
from an area that is thought to be relatively pristine. Seagrass-habitat loss in this region of the Caribbean Sea may be 
evidence that even near-pristine areas can be impacted by anthropogenic factors. Determining the causes of habitat loss 
may help prevent loss of productivity, habitat, and livelihood for the associated human and nonhuman communities. 

Introduction

Seagrass ecosystems are among the most productive on 
earth, and their ecological and economic importance is 
becoming obvious as they diminish worldwide. Seagrass 
habitats are vital primary producers that improve water 
quality, promote sedimentation, recycle nutrients, and pro-
vide structure that serves as refuge and nursery ground for 
fisheries species (e.g., Moriarty and O’Donohue 1994, Hall 
et al. 1999, Short and Wyllie-Echeverria 2000, Gillanders et 
al. 2003, Green and Short 2003, Corlett and Jones 2005). 
The interest in seagrass is global, as is the research effort 
to assess changes in seagrass habitat. Many studies centered 
around areas of long-term loss of seagrass (e.g., Short and 
Short 2003, Duarte et al. 2008), while others documented 
regions of seagrass recovery (e.g., Virnstein et al. 2007). 

Turtlegrass (Thalassia testudinum) is a common seagrass 
species in waters of the tropical western Atlantic from Ven-
ezuela to eastern Florida and the Bahamas (den Hartog 
1970), and is one of many species adversely affected by nat-
ural and anthropogenic factors. Researchers contend that 
protecting seagrass habitat may prevent loss of commercial 
fisheries, improve water quality, and help maintain healthy 
interrelated communities (Ward 1998). 

The purpose of this study was to discern the stability of 
the turtlegrass-dominated seagrass community in the South 
Water Caye Marine Reserve (SWCMR) of Belize by using 
satellite imagery. This reserve is generally perceived to be 

pristine, far from the coastal influences that adversely affect 
most other seagrass communities, and an area of interest to 
Belize fisheries and tourism. We had two primary objectives. 
First, we wanted to determine areal expanse of seagrass, and 
address its change over time by analyzing satellite images tak-
en 4 years apart. Secondly, we wanted to determine whether 
seagrass gains or losses were consistent across the study area, 
and used ground truthing to confirm our observations by 
visiting sites of concern identified by satellite images. The 
multiple components of our study helped assess seagrass 
habitat in an area perceived as critical to Belize fisheries, 
and provided the scale and statistical rigor necessary to ad-
equately assess a broad region of study. 

Methods

Study Area	
The study area was in the South Water Caye Marine Re-

serve, Belize (Central America), along Belize’s Caribbean 
coast, about 14 km from the mainland. It is part of the Belize 
barrier reef ecosystem, which was designated as a UNESCO 
(United Nations Educational, Scientific, and Cultural Orga-
nization) World Heritage Site in 1996. The biological com-
munities, physical oceanography, geology, and history of the 
area were summarized by Rützler and Macintyre (1982). 

The area of habitat classification for this study (16º 54’ 
to 16º 46’ N; 88º 04’ to 88º 07’ W) was a ~3 km wide area 
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Abstract: Salvinia molesta Mitchell, a floating invasive aquatic plant, is one of the top 10 worst invasive aquatic weeds 
in the world. It was discovered in the lower Pascagoula River in 2005 and evidence suggests that this non-native species 
is spreading along the northern Gulf of Mexico. These plants exhibit rapid growth and nutrient uptake rates, allowing 
them to out compete other plants in similar habitats. Distributional observations suggest that non-native S. molesta is able 
to survive in salinities of up to 7 ppt in the lower Pascagoula River. The response of S. molesta to three salinity levels (0, 
5, 10 ppt) was tested using chlorophyll fluorescence. The health of the plants was measured over a period of one month, 
using a log scale series of observation intensities (hourly, daily, weekly). Plant responses indicated an acute salinity effect 
after about 4-6 hrs and then a gradual chronic decline. Compared to initial measurements, the final actual quantum yield 
(∆F/Fm’) dropped by 5%, 6% and 29%, while the final potential quantum yield (Fv/Fm) dropped 6%, 27% and 39% in 
the 0, 5, and 10 ppt treatments, respectively. Only plants in the 0 ppt treatment showed significant new growth. Plants in 
5 ppt appeared to maintain themselves, but plants at 10 ppt all exhibited signs of severe stress and loss of color, turgor, 
and tissue viability after 10 d. Tolerance to brackish salinities has been reported in the past, and has implications for the 
use of the biological control agent, the weevil Cyrtobagous salviniae, that can only tolerate freshwater conditions. 

Introduction

Aquatic plants can be grouped into three types: emergent, 
floating, and submerged (Pieterse and Murphy 1993), with 
some of the most successful invasive aquatic plants being in 
the floating group (e.g., Eichhornia crassipes and Salvinia mo-
lesta). These plants exhibit rapid growth rates, rapid nutrient 
uptake rates, are aggressive, and are competitive species that 
can impact aquatic environments, local economies, and hu-
man health (Holm et al. 1977). The impact of these species 
on a freshwater body is dramatically illustrated by S. molesta, 
one of the top 10 worst non-native invasive aquatic weeds in 
the world (Room and Julien 1995, Carley and Brown 2006). 
Salvinia molesta has become a world-wide problem, with in-
vasions into freshwater bodies in most tropical countries, 
and was introduced into the United States in 1995 (Julien 
and Tipping 2002, USGS 2005).

Salvinia molesta has a doubling time of 4-6 d (Mitch-
ell and Tur 1975) and was found in the lower Pascagoula 
River in 2005 (MS DMR 2005). Evidence reported in  
McFarland et al. (2004) suggests that this non-native spe-
cies is spreading into the northern Gulf of Mexico (GOM). 
In Alabama and Mississippi, there are many suitable habi-
tats for native and non-native invasive aquatic plants; 
there are four river drainage systems along the 121 km  
(75 mile) coastline of the state of Mississippi alone. The 
largest of these is the Pascagoula River, which holds the 
distinction of being the longest un-dammed, natural river 
remaining in the continental USA and provides habitat for 
numerous important and endangered salt marsh species 
(Schueler 2002). Much of this river system remains rela-

tively unimpacted by development, except for the very lower 
reaches between the towns of Gautier and Pascagoula, MS.

Distributional observations during an outbreak in 2005 
by personnel with the Mississippi Department of Marine 
Resources (DMR) suggest that non-native S. molesta was able 
to survive in salinities of up to 7 parts per thousand (ppt) 
in the lower Pascagoula River; a similar tolerance has been 
reported earlier by Divakaran et al. (1980) from growth tests 
conducted on salinities of 0 to 11 ppt. This has implica-
tions for the use of the biological control agent Cyrtobagous  
salviniae on this infestation, as this weevil can only tolerate 
freshwater conditions (Thomas and Room 1986, Julien et 
al. 2002). This observation is distressing in two respects: (1) 
potential for a portion of the non-native S. molesta popula-
tion in the Pascagoula River to escape biological control; 
and (2) a more salinity-tolerant variety of this species could 
easily spread into similar habitats that abound along the 
GOM and elsewhere.

Pulse amplitude modulated (PAM) fluorescence is a tool 
to measure photophysiological processes in vivo. While it 
cannot be used to directly measure the mechanisms of osmo-
regulation, it has been used successfully to demonstrate the 
physiological stress resulting from salinity change in a num-
ber of aquatic plant species (Ralph 1998, Kamermans et al. 
1999, Murphy et al. 2003, Biber 2006). PAM fluorescence 
has been used in submerged aquatic plants to measure acute 
stress, such as desiccation (Adams and Bates 1994, Bjork et 
al. 1999), temperature or salinity shifts (Ralph et al. 1998, 
Ralph 1999), and even changes in ambient light over short 
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Abstract: Zoeae, megalopae, and early crab stages of Callinectes sapidus Rathbun, 1896 were described from the 
northern Gulf of Mexico (nGOM). Observations during this study were based on larvae reared in the laboratory through 
the early crab stages and on megalopae and early crab stages collected in the wild. Gulf of Mexico data are compared 
with similar information for the southeast Atlantic coast of the United States. Size and setation of C. sapidus larvae reared 
from nGOM stocks were different than those in published descriptions of larvae reared from Atlantic populations. Seasonal 
differences in size were noted in both reared and wild caught specimens. Zoeal stages I, II and III of larvae cultured in 
the spring were larger than corresponding larvae hatched in the summer/fall. Data sets on zoeal stages IV and V were 
incomplete; however, seasonal differences in measurements on all structures tended to be smaller in the summer/fall reared 
larvae. No seasonal differences were observed for the sixth and seventh zoeal stages, megalopal stage and first crabs. 
Spring reared larvae had higher survival rates when reared at optimal temperature (25°C) and required fewer zoeal stages 
(6) to reach the megalopal stage. Megalopae and first crabs collected from the plankton exhibited distinct seasonal varia-
tions and were larger in the spring than in fall. 

Introduction

The blue crab, Callinectes sapidus, supports large commer-
cial and recreational fisheries along the Atlantic coast and 
in the northern Gulf of Mexico (nGOM) (Guillory et al. 
2001). The ability to reliably separate blue crab larvae from 
other portunids is beneficial over a broad range of ecologi-
cal and fishery-related studies of coastal plankton. However, 
identification of C. sapidus larvae from plankton samples in 
the nGOM is complicated by the overlapping spawning pe-
riods among the large number of portunid species found in 
the region and the abundance and distribution of its sym-
patric congener, Callinectes similis. In addition, successful 
mass culture of blue crabs in Maryland and in Mississippi 
has generated interest in their culture for stock replenish-
ment in the Chesapeake Bay and for expansion of the soft 
crab fishery in the nGOM (Zmora et al. 2005, Perry et al. 
2005). Current aquaculture techniques require identifica-
tion of specific larval stages to track development since feed 
size and type varies with zoeal stage. 

Stuck and Perry (1982) provided characters useful in the 
identification of C. sapidus larvae and early crab stages, but 
these descriptions are not readily available in the general lit-
erature. The current study draws upon that early work and 
provides descriptions of developing blue crabs from the first 
zoeal stage through the second crab stage. Additionally, sea-
sonal differences in morphology among larvae reared from 
nGOM populations are presented and the morphological 
differences in C. sapidus larvae reared from the nGOM are 

compared to existing data from the Atlantic coast. Data 
from this study will provide a means by which to track zoeal 
development in plankton collections and aquaculture op-
erations in the nGOM. 

Materials and Methods

Egg bearing females were collected from the Mississippi 
Sound in cold water temperature (April 1980; spring) and 
again during warm water temperature (late August 1980; 
summer/fall) and brought into the laboratory for spawning 
and collection of newly hatched larvae. Larvae hatched from 
6 different females (3 spring, 3 summer/fall) were isolated 
and reared separately in mass and individual cultures. All 
larvae were reared in 30 ppt filtered artificial seawater with 
Penicillin (60 mg/l) and Streptomycin (50 mg/l) added. Lar-
vae from each seasonal group were reared at both optimal 
(25.0°C, Sandoz and Rogers 1944, Costlow and Bookhout 
1959, Sulkin and Epifanio 1975) and ambient temperatures. 
Ambient spring temperatures, initially l6.0°C, were slowly 
increased at a rate of about 1.0°C/week to correspond to 
naturally occurring conditions. Ambient summer/fall tem-
peratures were initially 30.0°C and were gradually decreased 
at a rate of 1.0°C/week. Photoperiod was held constant at 
12L:12D. Depending upon the experimental temperature, 
the culture period ranged from about 3 -13 weeks.

Larvae from each hatch were initially isolated in a series 
of three mass culture bowls, each with about 500 larvae in 
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Introduction

It is widely accepted that seagrass meadows provide abun-
dant food and structure for a variety of organisms (see re-
views by Hemminga and Duarte 2000, Williams and Heck 
2001). The seagrasses themselves, epiphytes and macroalgae 
constitute a diverse array of food resources for first-order 
consumers, which in turn fuels a complex and rich food 
web in seagrass meadows (Williams and Heck 2001). En-
hanced structure in seagrass meadows is mainly provided by 
the canopy of leaf blades and sheaths, drifting macroalgae 
and bulky epiphytes (Orth et al. 1984). 

Large seagrass declines, mostly due to anthropogenic im-
pacts, have been reported worldwide (i.e., Orth et al. 2006), 
and shoalgrass (Halodule wrightii), which is common in sub-
tropical and tropical Atlantic waters (Den Hartog 1970), is 
no exception. For instance, Pulich and White (1991) doc-
umented that in lower Galveston Bay shoalgrass declined 
steadily since the 1950’s and disappeared completely in the 
1980’s mainly due to urban development, wastewater dis-
charges, chemical spills and dredging. Similarly, Quammen 
and Onuf (1993) estimated a >330 km2 reduction in shoal-
grass cover in lower Laguna Madre from 1965 to 1988 as a 
result of increased turbidity caused by dredging. Shoalgrass 
beds continue to decline in a number of locations in the 
Gulf of Mexico (GOM) (Hall et al. 1999).

A number of studies have examined the effects of reduced 
seagrass cover on local fish populations (e.g., Heck et al. 
1989, Ferrell and Bell 1991, Hughes et al. 2002 and more), 
but few of those studies have focused on shoalgrass (e.g., 
Tolan et al. 1997, Rydene and Matheson 2003). We pres-
ent a preliminary comparison of fish populations in three 
shallow coastal lagoons in the northcentral GOM that have 
varying levels of shoalgrass cover. Namely, we compare (1) 
abundances of individual species and the entire fish popula-
tion, (2) fish population diversity, and (3) length-frequency 
distributions of the most abundant species.

Materials and Methods

The study was done in three shallow (mean depth < 1m) 
coastal lagoons situated at the southern end of Perdido Bay 

(FL, USA) in the northcentral GOM. Water-column tem-
perature, salinity and dissolved oxygen concentrations were 
similar in the three lagoons. In contrast, shoalgrass cover 
differs notably among the lagoons. State Park is the most 
vegetated lagoon, Kee’s Bayou has little shoalgrass, and 
Gongora has no shoalgrass. Other than shoalgrass, the bot-
tom of the lagoons is characterized by open sediment con-
sisting of sand and mud. A full description of the lagoons is 
provided by Stutes et al. (2007).

Fish were collected using a 6.0 m x 1.2 m bag seine with 
3-mm mesh. Seining is an adequate method for the capture 
of the small fish, including juveniles of larger species, that 
typically predominate in shallow coastal embayments such 
as the three lagoons studied here (Connolly 1994, Rozas 
and Minello 1997). To examine the fish populations before 
and after the fall migration that many fish in these shal-
low embayments exhibit with the arrival of the first cold 
fronts (Stoner 1983, Middaugh and Hemmer 1987a), we 
sampled in late summer (i.e., pre-migration samples, Sep-
tember 12-18, 2000) and after several cold fronts had moved 
through the area and water temperature in the lagoons had 
decreased significantly (i.e., post-migration samples, Octo-
ber 23-25, 2000).

In each lagoon on each sampling date, we seined sixteen, 
20 m transects. Transect selection was haphazard. We esti-
mated the area covered by shoalgrass at 1m intervals along 
each transect. Each interval was considered to be covered 
by shoalgrass if cover was greater than 50%. The fraction of 
the entire transect covered with shoalgrass was the number 
of intervals with >50% cover divided by 20, and a grand 
average was calculated for all the transects in the lagoon. To 
reduce personal bias, two individuals (JC and GAM) did all 
the seining, and a third individual (JPS) made all estimates 
of shoalgrass cover.

All fish were taken to the lab, where they were counted 
and identified. Diversity was calculated using the reciprocal 
of the Simpson index (1/D) after pooling all the seines on 
each sampling date at each lagoon to increase the robust-
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Introduction

The parasite Plasmodiophora diplantherae is a causal agent 
of enlarged shoot galls in seagrasses. Ferdinandsen and 
Winge (1914) described the genus Ostenfeldia for a plasmo-
diophoraceous organism in shoot galls of Halodule wrightii 
(as Diplanthera wrightii) collected from St. Croix, West Indies 
(now U.S. Virgin Islands). After re-examination of this mate-
rial by Cook (1933), the parasite was renamed Plasmodiopho-
ra diplantherae (Ferd. & Winge) Ivimey Cook. Den Hartog 
(1965) re-examined additional herbaria specimens collected 
throughout the world and concluded P. diplantherae was spe-
cific to the host genus Halodule. 

Traditionally studied with the fungi, members of the ge-
nus Plasmodiophora are flagellate protists (Patterson 1999) in 
the Phytomyxea (Eukaryotes, phylum Cercozoa) (Cavalier-
Smith 1998). Informally called plasmodiophorids (Braselton 
1995), these organisms are obligate endobionts in a diverse 
group of terrestrial, marine and freshwater hosts includ-
ing higher plants, algae and oomycetes. Eleven genera are 
currently recognized, containing 36 species (Maier 
et al. 2000). Plasmodiophorids are characterized by 
a multinucleate vegetative structure called a plasmo-
dium, which divides at maturity to form either (1) 
sporangia that produce biflagellate, motile zoospores, 
or (2) resting spores which are released when the host 
cell breaks (Karling 1968). Many plasmodiophorids 
induce cell hypertrophy in their hosts via cell enlarge-
ment (den Hartog 1989). In vascular plant hosts, 
however, the parasite is restricted to the inner cor-
tex and thus plant growth can continue (den Hartog 
1965). Plasmodiophora diplantherae causes enlarged 
internodes (galls) in host shoots which contain rust 
brown, smooth-walled resting spores 4-4.5 µm in di-
ameter (Karling 1968).

Plasmodiophora diplantherae is known to occur 
throughout the pantropical distribution of its host, 
the seagrass genus Halodule. However, records in the 
subtropical region are limited to Tampa Bay, FL where 
it was detected once during an examination of herbar-
ium specimens of H. beaudettei collected in December 
1951 (den Hartog 1965) and to Fort Pierce, FL where 
it was collected once infecting H. wrightii (Braselton 

and Short 1985). This communication represents the first 
report of this parasite from Mississippi and Louisiana in the 
northcentral Gulf of Mexico (GOM).

	
Materials and Methods

During an investigation of seagrass roots in the north-
central GOM, seagrass plants were collected from three 
seagrass bed sites (Figure 1): Pointe aux Pines, AL (22 Au-
gust 2006, site 1); Grand Bay National Estuarine Research 
Reserve (NERR), MS (9 September 2006, site 2); and Chan-
deleur Islands, LA (27 September 2006, site 3). Additional 
H. wrightii specimens were also collected from Horn Island, 
MS (13 October 2006, site 4) and from Chandeleur Islands, 
LA (19 June 2008, site 3).

Core samples (15 cm x 30 cm) containing seagrass roots 
and surrounding marine sediment were taken at three ran-
domly selected points along two 25 m transects 100 m apart 
at sites 1, 2 and 3. Salinity (ppt), pH, dissolved oxygen con-

Figure 1. Location of seagrass collecting sites within the northcentral Gulf 
of Mexico. Site 1 = Pointe aux Pines, AL; Site 2 = Grand Bay National 
Estuarine Research Reserve, MS; Site 3 = Chandeleur Islands, LA; Site 4 
= Horn Island, MS. Black stars indicate sites at which Halodule wrightii 
parasite Plasmodiophora diplantherae was present. 



67

Gulf and Caribbean Research Vol 21, 67-72, 2009 Manuscript received August 1, 2008; accepted December 9, 2008

Macrofauna Associated with Ungrounded Prop 
Roots of Rhizophora mangle in Veracruz and 
Quintana Roo, Mexico

Kathryn D. Tunnell and Kim Withers*
Center for Coastal Studies, Texas A&M University-Corpus Christi, 6300 Ocean Dr., NRC Suite 3200, Corpus Christi, TX 78412, 
USA, *Corresponding author, email: kim.withers@tamucc.edu

short communication

Introduction

The prop roots of the red mangrove (Rhizophora mangle) 
provide a solid substrate for diverse assemblages of marine 
organisms in areas typically characterized by soft bottoms 
(Bingham 1992, Farnsworth and Ellison 1996). Macroben-
thic communities of mangroves have received little attention 
compared with other components of the ecosystem, largely 
due to sampling difficulties (Lee 2008). Mangrove root epi-
fauna are likely used by predatory fish, especially juveniles. 
Thus, these organisms have the potential of being impor-
tant links between mangroves and adjacent ecosystems. 
The fauna associated with red mangrove prop roots along 
Mexican Gulf of Mexico (GOM) and Caribbean shorelines 
has not been well described. The infauna of red mangrove 
associated sediments has been studied in GOM sites in the 
Río Carrizal Estuary, Tamaulipas, Mexico (Rabalais et al. 
1989), Laguna de Términos, Veracruz, Mexico (Hernán-
dez-Alcántara and V. Solís-Weiss 1995) and Rookery Bay, 
Florida (Sheridan 1997). Red mangrove root epifauna in 
the GOM has been described only in Laguna de Tamiahua 
(Fajardo M. 1990). Although red mangrove root faunas 
have been described in some areas of the Caribbean, such 
as Puerto Rico (Mattox 1949, Kolehmainen and Wildner 
1975) and Bahia de Buche, Venezuela (Sutherland 1980), 
in the northwestern Caribbean the mangrove root epifauna 
has only been described in Belize (Ellison and Farnsworth 
1992, Farnsworth and Ellison 1996). The objective of this 
study was to describe macrofaunal community composition 
of ungrounded red mangrove prop roots in the southwest-
ern GOM and the northwestern Caribbean, on the Yucatan 
Peninsula. The communities we describe are compared to 
others in Mexico, Central America and the wider Carib-
bean to address factors that may explain similarities and dif-
ferences.

Study Area

Laguna La Mancha is located on the central GOM coast 
of Mexico about 51 km north of the city of Veracruz, in the 
state of Veracruz, Mexico (Figure 1). The lagoon is located 
behind a barrier peninsula with only one small outlet to 
the GOM that is closed during the dry season, October to 

May (Moreno-Casasola et al. in press). Freshwater enters the 
lagoon via the Río Caño Grande to the south and a small, 
ephemeral stream to the north; fresh groundwater is also a 
major water source for the lagoon. In Laguna La Mancha, 
salinity ranged from 18 ppt (Site 4) to 25 ppt (Site 3) during 
collections. Water depth ranges from 0.5 - 1.0 m (Contreras 
1993).

The Caribbean study area was located within the Sian 
Ka’an Biosphere Reserve on the Yucatan Peninsula in the 
state of Quintana Roo, Mexico. Mangrove roots were col-
lected from sites within a lagoon system behind a long 
(56 km) barrier peninsula (Figure 1). Laguna Campechén, 
Laguna Boca Paila, and Laguna San Miguel comprise the 
northern portion of the lagoon system. These lagoons are 
only connected to the more marine-influenced southern 
portion by a small mangrove channel and to the Caribbean 
through a single narrow opening (~100 m) at Boca Paila 
(Sanvicente-Añorve et al. 2002). The entire lagoon system 
is supplied with freshwater from subterranean sources and 
both Laguna Campechén and Laguna San Miguel are iso-
lated from marine influence. Salinity in Laguna Boca Paila 
ranged from 19 ppt (Site 3) to 33 ppt (Site 5) during collec-
tions. Water depth within the lagoons is between 0.5 - 1.0 
m except in channels near the inlet (Boca Paila) where tidal 
scouring has occurred (Tunnell et al. 1993). For the purpos-
es of this paper, the northern portion of the lagoon system 
will be referred to collectively as Laguna Boca Paila.

Materials and Methods

Ungrounded prop roots of red mangroves were random-
ly collected from 5 sites in both Laguna La Mancha and 
Laguna Boca Paila that were selected because they varied 
in distance from the inlet. Collections were made at both 
sites during the transition from the wet to dry season: May 
8-11, 1999 at Laguna Boca Paila and May 26, 1999 at La-
guna La Mancha. Roots were collected from water depths 
< 1 m, ranging from 16-29 cm in Laguna La Mancha and 
42-94 cm in Laguna Boca Paila. Roots were randomly se-
lected by reaching into the root mass and grabbing a root. 
If it was ungrounded, it was collected. Working in one di-
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Introduction 
The Bermuda Seamount is the most northerly known lo-

cation for the misty grouper (Epinephelus mystacinus) in the 
western North Atlantic, but this species is broadly distrib-
uted as far south as Trinidad, as well as in the Galapagos 
Islands in the eastern Pacific (Heemstra and Randall 1993). 
Adults are reported to be solitary, deep-water predators 
in the depth range 100-400 m, and are thought to prefer 
high relief, hard bottom slope habitats (Bullock and Smith 
1991). They are presumed to be protogynous hermaphro-
dites and slow-growing, characteristics that are common in 
the epinepheline groupers (Heemstra and Randall 1993). In 
Cuba, they are an incidental catch in the deep-water fish-
ery that primarily targets snappers (Lutjanidae) (Claro et al. 
2001) and have been reported to be the dominant grouper 
in the deep-water fishery in the US Virgin Islands (Heem-
stra and Randall1993). An active fishery has now developed 
in Puerto Rico (E. Pineiro, pers. comm., Caribbean Fish-
ery Management Council, Puerto Rico); landings of misty 
grouper from 2004-2006 ranged from 2,175–3,361 kg (G. 
Garcia-Moliner, pers. comm., Caribbean Fishery Manage-
ment Council, Puerto Rico). Misty grouper are included 
in Grouper Unit 4 in the Caribbean Fishery Management 
Council’s Management Plan. The six species in this unit 
are considered overfished but misty grouper are excluded 
from current management action (G. Garcia-Moliner, pers. 
comm.). However, considering the developing fishery in 
Puerto Rico, it is apparent that more information is needed 
about the biology of this species to help guide management 
decisions.

Groupers were the largest category in the fishery landings 
in Bermuda until the mid-1970s when stocks of many grou-
per species became severely overfished (Luckhurst 1996; 
Smith-Vaniz et al. 1999). As a result, local fishermen com-
menced fishing in deeper water (270–360 m) in an attempt 
to maintain grouper catch levels; the most common species 
taken was the misty grouper (peaked at 7,400 kg in 1979; 
Luckhurst 1996).  By 1981, misty grouper landings declined 
substantially and fishermen started setting lines in greater 

depths (to 650 m) to target wreckfish, Polyprion americanus 
(B. Luckhurst, pers. obs). These two species plus deep-water 
lutjanids were subjected to intense fishing pressure around 
the Bermuda platform, and suffered precipitous declines 
when the limited habitats (depth strata) for these species 
were overexploited (Luckhurst 1996). 

Misty grouper are known to attain at least 54 kg and 115 
cm total length (TL) (Heemstra and Randall 1993) although 
a maximum size of 160 cm TL is reported (Appeldoorn et al. 
1987, cited in www.FishBase.com). Recently, two specimens 
(152 and 157 mm TL) were landed by commercial fisher-
man from the edge of the Bermuda platform, providing 
documentation of the maximum size which may be attained 
by this species. There are no age and growth studies on misty 
grouper (Heemstra and Randall 1993; www.FishBase.com). 
Therefore, the age data presented here, although not vali-
dated, represent the first estimates of maximum longevity 
and support Campana’s (2005) statement that, “methods 
for validating ages of deep-sea fishes are urgently required.” 
We compared the age estimates of our misty grouper speci-
mens with the age of a large wreckfish (45.5 kg) taken from 
a similar but deeper-water habitat. In addition, we provide 
a comparison of the maximum ages of 9 other species of 
grouper in the western Atlantic. 

Materials and Methods

Both misty grouper specimens were caught on commer-
cial vertical longline gear set in 220-300 m around the edge 
of the Bermuda platform in 2000 and 2001, whereas the 
wreckfish was caught in about 650 m using the same gear 
type in 1995. The TL (cm) and whole weight (kg) were re-
corded for each fish and the sagittal otoliths were removed, 
washed, dried and weighed. Transverse sections were cut, 
polished and decalcified with saturated EDTA at a pH of 7.4 
(Secor et al. 1991).  We initially made counts of the opaque 
zones (interpreted as annuli) on the transverse sections at 
40X magnification with a light microscope to establish ini-
tial age estimates. As a result of the very closely spaced and 
large number of increments visible, we then increased to 



79

Gulf and Caribbean Research Vol 21, 79-81, 2009 Manuscript received May 15, 2008; accepted January 12, 2009

NOTE ON THE NATURAL AND CULTURAL HISTORY OF 
HURRICANE BALLS 

Joyce M. Shaw
Gunter Library, Gulf Coast Research Laboratory, The University of Southern Mississippi, 703 East Beach Drive, Ocean Springs, 
MS 39564-5326, USA, email: joyce.shaw@usm.edu

short communication

Introduction

Hurricane balls are natural phenomena of tropical storms 
and hurricane winds and waves and are found along the 
shoreline. Gunter Library at the Gulf Coast Research Labo-
ratory (GCRL) is home to a small collection of hurricane 
balls which were found along the shore lines of barrier is-
lands and marsh beaches by GCRL staff over the years. Hur-
ricane balls come in many sizes (Figure 1), and large balls 
can be slightly larger than a standard basketball of 24.8 cm 
diameter (USA Basketball 2001). Large balls in the Gunter 
Library collection range from 34.5 cm diameter (Figure 1A, 
left side, from 1969 Hurricane Camille) to 53.5 cm diam-
eter (Figure 1A, right side, from 2005 Hurricane Katrina). 
Small balls range from 4.0 to 11.0 cm diameter (Figure 1B).

Hurricane balls are objects of curiosity, local mythology, 
and conjecture concerning their origin. Found all over the 
world and composed of plant fibers native to their coast-
lines, these objects are called beach balls, drift balls, grass balls, 
marsh balls, sea balls, vegetable balls, buffalo balls, and whale 
burps. However, in south Mississippi, they are called hurricane 
balls (McAtee 1925, Olson 1963, Dubuisson 1969, Clawson 
1998, Osis 2000, Ebbesmeyer 2004). This note reviews the 
scientific and popular literature available about hurricane 
balls with an emphasis on their cultural and natural history 
and speculates whether they may be indicators of coastal 
marsh health.

Hurricane Ball Myths and Local Cultural History

Hurricane balls have been reported from various areas 
of the United States, both inland and coastal. One of the 
first reports of the structure is from Ganong (1905), who 
provided an early review of “certain balls of vegetable mat-
ter found on the sandy bottoms of shallow ponds” and cited 
Thoreau in the classic work Walden Pond as finding consid-
erable quantities of curious balls composed of fine grass 
or roots, perfectly spherical on the sandy bottom of Flint’s 
Pond. Balls that varied from 3.81 to 7.62 cm in diameter 
washed up along the shores of a lake near Dawson, North 
Dakota, and were locally called “Buffalo balls” (McAtee 
1925). The continual wave action apparently resulted in the 
formation of balls composed of stems, peduncles and seeds 
of widgeon grass, Ruppia maritima, algae, needles of conifer-
ous trees, debris from chestnut burs, cones of evergreens, 
and other vegetable substances bound together in a solid 

firm mass (McAtee 1925).
Osis (2000) refers to similar structures as “beach balls” 

and reports that they are sold in local gift shops along the 
Oregon coast as “whale burps,” “whale barf balls,” or “whale 
fur balls.” However, Osis (2000) dispels the whale regurgita-

Figure 1. Hurricane balls housed at the Gunter Library, GCRL, 
The University of Southern Mississippi. A. The hurricane ball on 
the left (34.5 cm diameter) was collected after Hurricane Camille 
in 1969 on Horn Island, and the larger ball (53.5 cm diameter) 
on the right was found near Weeks Bayou marsh along East 
Beach Drive in Ocean Springs in spring 2006 after Hurricane 
Katrina. B. A small collection of different sized hurricane balls 
(4.0-11.0 cm diameter) found by GCRL staff along the shores of 
south Mississippi coasts and barrier islands.
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