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Abstract: This study describes temporal and spatial abundance patterns of echinoderm larvae in La Parguera,
Puerto Rico. For the temporal study, larvae were sampled by a series of monthly tows taken with a 64pum mesh
net between the new and full moon from April 2005 to July 2006, September 2006 and August 2007. In order to
measure spatial variation of echinoderm larval abundances, oblique tows were taken with 64 and 202pum mesh
nets at seven different sites within the shelf, at the shelf-edge, and at a nearby oceanic stations during August
2007. Overall, Echinoidea (sea urchin) exhibited the highest abundance with a total of 11 921 larvae, represent-
ing 52.5% of the total collection. Ophiuroidea (brittle star) ranked second in abundance with 45.6% of the total
larvae. Holothuroidea (sea cucumber) and Asteroidea larvae (sea star) accounted for less than 2% of the total
echinoderm larval collection. Early larval stages (2-8 day old) of Diadema antillarum represented 20% of the
total Echinoidea larvae. There was no marked seasonal trend of echinoderm larval abundance; Echinoidea and
Ophiuroidea larvae were present in all monthly samples indicating that reproduction occurs year-round. Peak
abundances of later-stage Echinoidea larvae were observed during January, July and October and of later-stage
Ophiuroidea larvae during June, August and October. The observed peaks of later-stage larval abundances may
be indicative of higher recruitment activity during these months. There was a significant difference of echino-
derm larval abundance between spatial stations, with higher abundances collected at the shelf-edge. Later-stage
(~24 day old) D. antillarum larvae were mostly collected at shelf-edge and oceanic locations. In addition, the
64um mesh net was more efficient for collection of echinoderm larvae than the 202um mesh net. Rev. Biol.

Trop. 58 (Suppl. 3): 81-88. Epub 2010 October O1.
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Echinoderms are an important group of
marine animals and many species in this group
are considered to be keystone species, regu-
lating the community structure and balance,
allowing the survival of other reef organisms
(Caso 1978). Echinoderms display complex
life histories, which involve external fertiliza-
tion of pelagic eggs, planktonic larval develop-
ment and recruitment on benthic habitats where
they develop into an adult and reproduce. Mea-
surements of larval abundance has shown to be
a challenging undertaking for echinoderms due
to the small larval size, relatively long pelagic
larval life, potential for aggregated (patchy)

distributions and the dynamic environment in
which they live (Williams er al. 2009). Due
to these influential factors, larval community
characterizations are typically incomplete and
may underestimate abundance, particularly
when using plankton nets with larger mesh
diameters (=202um).

Assessments of temporal and spatial abun-
dance patterns of pelagic larval stages are
relevant for understanding dispersal strategies,
spatial connectivity and recruitment dynam-
ics. Larval distribution and aggregation can
result from responses to physical factors such
as temperature and salinity gradients, water
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motion and/or biological factors such as pre-
dation and food availability (Omori & Ham-
ner 1982). Zooplankton patchiness influences
the variability in the estimates of distribution
and abundances of zooplankton communities
(Cassie 1968).

There are several zooplankton community
studies of coastal Caribbean systems (Reeve
1970, Youngbluth 1980, McWilliam et al.
1981, Yoshioka er al. 1985) that do not report
on the occurrence of echinoderm larvae from
plankton sampling. There have been a few
plankton studies carried out in La Parguera,
which have focused on sea urchin larval abun-
dance and distribution. Cameron (1986) report-
ed the larval occurrence of four species of
sea urchins, Lytechinus variegates, Tripneustes
ventricosus, Echinometra viridis and E. lucunt-
er on the shallow insular shelf of La Parguera,
Puerto Rico. In a more recent study at La Par-
guera, Puerto Rico, Williams et al. (2009) mea-
sured the year-round abundance of Diadema
antillarum larvae, evidencing the continuous
reproduction of this population. However, up
until now there have been no reports on the lar-
val composition and abundance of ophiuroid,
asteroid and holothuroid in Puerto Rico.

The present study describes the general
taxonomic composition and temporal (month-
ly) and spatial variations of echinoderm larvae
within the coral reef system and adjacent oce-
anic waters in La Parguera, Puerto Rico. Also,
this study provides a comparative analysis of
echinoderm larval collections using two differ-
ent mesh nets.

MATERIAL AND METHODS

Study Site: La Parguera is located on the
southwest coast of Puerto Rico (Fig. 1). Two
lines of emergent reefs run roughly parallel to
the mangrove shoreline and a submerged spur
and groove coral reef formation fringes the
shelf edge. The coral reef habitat has an exten-
sion of ~193km?. The insular shelf extends
approximately 11km offshore.
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Fig. 1. Study area at La Parguera, Puerto Rico showing
the location of sampling stations. A indicates where the
plankton tows were taken for the temporal study and @ for
the spatial study. Isobaths are presented in meters.

Temporal Plankton Surveys: The tem-
poral variability of echinoderm larval abun-
dance was examined from a series of monthly
tows between Cayo Collado (17° 57.250°N,
67° 04.682°W) and Cayo San Cristobal (17°
56.525’N, 67° 04.582°W) (see Fig. 1). A coni-
cal, 64um mesh size plankton net with a 0.5m
diameter was used. Three oblique one minute
tows were taken between the surface and 15
approximately at monthly intervals between
the new and full moon from April 2005 to July
2006, September 2006 and August 2007. An
OceanTest flowmeter (MF315) was attached to
the net. The mean water volume filtered in tows
was approximately 10m?3,

Spatial Plankton Surveys: In order to
provide an assessment of the larval spatial
distribution a series of tows were performed
across a neritic-oceanic gradient during August
13,2007 (Fig. 1) in order to coincide with the
new and full moon. The distance from one
station to another was ~1.6km and the far-
thest station (sta.l) was approximately 15km
offshore from the coastline and ~3.7km from
the shelf-edge. There were 7 stations in total;
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this includes the data collected at the station
for temporal surveys for this particular month.
Conical 64um and a 202 pm mesh plankton
nets with a 0.5m mouth diameter were used.
At each station three oblique two minute tows
were taken with a 64um mesh net and three
oblique five minute tows were taken with the
202um mesh net. All oblique tows were inte-
grated at depths between the surface and near
benthos. The mean water volume filtered by
tows with the 64 and 202um nets was approxi-
mately 20m? and 66m?, respectively.

All plankton tows (temporal and spatial
study) were taken during the mid-morning to
early afternoon and samples were preserved in
3% formalin. The given time duration of the
plankton tows using the 64um net was due to
prevent clogging of the net. Echinoderm larvae
were identified and counted at class level, with
the exception of D. antillarum larvae. Meta-
morphosing larvae (noted as later-stage larvae)
were also identified.

Data Analysis: Since the larval abundance
(ind/100m?) data of the temporal and spatial
study did not follow a normal distribution, a
Kruskal-Wallis ANOVA test by ranks was per-
formed to determine if there were differences
of echinoderm larval abundances between 1)
sampling events during the temporal survey, 2)
spatial stations and 3) mesh net sizes. The Sta-
tistica 7 package was used for these analyses.

In addition, Cassie’s (1963) index of patch-
iness, P, was calculated to evaluate dispersion
patterns of echinoderm larvae within replicate
samplings. Cassie’s index was calculated as

P = (s-x)/ X,

where xis the mean larval count per sample
divided by the average volume filtered (ind/m?)
and s, the variance. Cassie’s index represents a
measure of the intensity of pattern (e.g. degree
of aggregation) that is independent of the mean.
Therefore, it is possible to compare spatial pat-
terns when means differ among samples. p>0
indicates patchy larval distribution (assuming
the Poisson distribution).

RESULTS

A total of 11 921 echinoderm larvae were
collected from reef sites in La Parguera during
this study. Echinoidea (sea urchin) larvae were
the numerically dominant taxa, representing
52.5% of the total (Fig. 2). Amongst the sea
urchin assemblage (6 254 larvae), 20% of the
larvae were long-spined sea urchin, D. antil-
larum. Ophiuroidea (brittle star) larvae were
the other major component of the echinoderm
larval collection representing 45.6% of the
total. The combined abundance of Holothuroi-
dea (sea cucumber) and Asteroidea (sea star)
larvae was less than 2% of the total.

Temporal Study: Echinoidea and Ophiu-
roidea larvae were collected in all monthly
samples. Despite the significant differences of
Echinoidea (Kruskal-Wallis ANOVA,H=45 .59,
df=19, p=0.0006) and Ophiuroidea (Kruskal-
Wallis ANOVA, H=51.97, df=19, p=0.0001)
larval abundance between monthly samplings,
there was no evident season trend in larval
abundance. There was a major pulse of Echi-
noidea larvae during July 2005, representing
7% of the total echinoderm larval collection
(Fig. 3a). There were two other minor peaks of
Echinoidea larval abundance during October
2005 and March 2006. Mean abundances of D.
antillarum larvae were higher during April and

[l Echinoidea
[ Ophiuroidea
[] Asteroidea

[ Holothuroidea

Fig. 2. The relative abundance (%) of echinoderm classes
to the total larval collection.
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Fig. 3. Mean larval abundances (ind/100m?) of Echinoidea (a), Ophiuroidea (b), Holothuroidea (c) and Asteroidea (d) during
monthly sampling events during the temporal study. Vertical bars denote standard errors.

July 2005, representing 7% and 2%, respec-
tively, of the total echinoderm larvae collected.
A pulse of Ophiuroidea larvae was observed
during the summer (June, July and September)
of 2005 (Fig. 3b). Peak abundances of later-
stage Echinoidea larvae were observed during
July 2005 (70.55 Ind/100m?), October 2005
(79.36 Ind/100m?) and January 06 (133.12
Ind/100m?). The later-stage Ophiuroidea larval
abundances peaked during June 2005 (73.57
Ind/100m?), October 2005 (90.70 Ind/100m?)
and August 2006 (286.01 Ind/100m?).
Holothuroidea and Asteroidea larvae pre-
sented an inconsistent pattern of prevalence in
samples during the study period (Fig. 3c-d).
Holothuroidea larvae were present in seven
monthly samples, whereas Asteroidea larvae
were only present in four out of the 17 month-
ly sampling events. The overall mean lar-
val abundance of Holothuroidea (6.68+15.46,
Ind/100m?+SD) and Asteroidea (6.02+20.00,

Ind/100m3+SD) were several orders of mag-
nitude lower than the mean abundances of
Echinoidea (1254+2294 .34, Ind/100m>+SD)
and Ophiuroidea larvae (922.45+1748.74,
Ind/100m3+SD).

Inter-annual larval abundance of echino-
derms varied significantly during equivalent
months of 2005 and 2006 (Kruskal-Wallis
ANOVA, H=4.34, df=1, p=0.03). Echinoderm
mean larval abundances were significantly high-
er in 2005 (904.48+2162.39, Ind/100m3+SD)
than in 2006 (127.29+287.71, Ind/100m3+SD).
The inconsistent inter-annual abundance pat-
tern observed may be the result of high within
station variability associated with patchiness.

Spatial Study: The distribution of larvae
collected by both nets at the different stations
was similar in that Echinoidea, Ophiuroidea
and Holothuroidea larval abundance all peaked
at the shelf-edge (Fig. 4a-c). Asteroidea larvae

84 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 58 (Suppl. 3): 81-88, October 2010



~
=]

w S % o
S S S S

N
=]

Mean Larval Abundance (Ind/100m?)

=)

0 i \"""l-""'" T l
13 1 10 8 6 5 %gggmm
Distance from Shore (km) H
80
- C
T 70
8
= 60
e}
=
g 50
2
5
e 40
5
2
=30
2
=8
= 20
g
L i
0 .
13 5 = 64um
®202um

Distance from Shore (km)

=
S

o
S

=]
S

®
S

60

40

20 * .
0
13

1 10 8 6 5
Distance from Shore (km)

Mean Larval Abundance (Ind/100m?)

= 64um
= 202um

30

25

20

Mean Larval Abundance (Ind/100m?)

= 64pm
®202um

Distance from Shore (km)

Fig. 4. Mean larval abundances (ind/100 m?) of Echinoidea (a), Ophiuroidea (b), Holothuroidea (c) and Asteroidea (d)
sampled with 64um and 202um mesh nets at the different spatial stations. Vertical bars denote standard errors.

displayed an increasing pattern of abundance
from inshore to offshore, with peak abundance
at the oceanic station 1 (sta. 1, Fig. 4d). Also,
older larval stages (~24 day old) of D. antil-
larum were mostly collected from the shelf-
edge station and oceanic stations. Echinoderm
larvae were collected in higher mean abun-
dance with the 64 wm mesh net (24.11+35.02,
Ind/100m3+SD) than with the 202um mesh net
(4.52+6.71, Ind/100m>+SD) (Kruskal-Wallis
ANOVA, H=14.35, df=1, p=0.0002).

Dispersion Patterns: The larval distribu-
tion of echinoderms during the temporal and
spatial study was found to be patchy/aggre-
gated. The patchiness index of echinoderm
larvae ranged from 0.1 (Asteroidea) during
July 2006 to 568.26 (Echinoidea) during July

2005. Larval patchiness tended to increase in
collections with the 202um mesh net compared
to the collection with the 64 um mesh net. The
patchiness index ranged from 2.6 at station 1
(Ophiuroidea) to 1229.7 at station 3 (Holothu-
roidea) for the 64um mesh net and ranged from
40.6 at station 2 (Ophiuroidea) to 12926.6 at
station 3 (Ophiuroidea and Holothuroidea) for
202um mesh net.

DISCUSSION

Larval composition of the different classes
found in this study is similar to the adult
population structure of echinoderms found
in La Parguera reported in Benavides (2006)
study. Greenwood et al. (2000) stated that the
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composition of echinoderm larvae collected in
samples might reflect the populations of adult
echinoderms in a given sampling site. Bena-
vides’s (2006) benthic echinoderm inventory
in La Parguera consisted of 15 different species
of sea urchin, 44 species of brittle star, 14 spe-
cies of sea star and 29 species of sea cucumber.
Adult Echinoidea were the numerically domi-
nant class measured at inshore reefs and sea-
grass beds; with a relative abundance of 51.3%
(Benavides 2006). In this study, sea urchin lar-
vae also represented the numerically dominant
assemblage among echinoderm larvae (relative
abundance 52.46%) followed by the brittle star
larvae (relative abundance 45.61%). In Bena-
vides’s (2006) study the relative abundance
of brittle star adults was 46.8% and relative
abundance of sea star and sea cucumber adults
combined was 2%.

Echinoidea and Ophiuroidea larvae were
collected in all 20 monthly samplings. Mlad-
enov (1983) studied the reproductive periodic-
ity of three species of brittle stars by examining
their gonad index and observed that these spe-
cies reproduce continuously. It was also stated
that prolonged breeding seasons and continu-
ous reproduction are common in tropical brittle
stars. Continuous presence of larvae was also
observed for D. antillarum (Williams et al.
2009). Holothuroidea and Asteroidea larvae
were absent on approximately two-thirds or
more of the samples collected in this study. This
may be due to under-sampling associated with
short pelagic larval duration and relatively low
abundance of adults compared to Echinoidea
and Ophiuroidea (Nievales & Junio-Mefiez
2007). In this study, Echinoidea and Ophiuroi-
dea larvae presented monthly abundance peaks
but there were no clear seasonal abundance
trends. Lack of seasonal abundance trend has
been reported in other echinoderm larval stud-
ies from the Caribbean (Morales & Murillo
1996, Williams et al. 2009). However, higher
abundance of later-stage larvae of Echinoidea
and Ophiuroidea peaked during the summer
and fall. The observed peaks of later-stage
larval abundances may be indicative of higher
recruitment activity during these months.

The spatial distribution of echinoderm lar-
vae resulting from this study does not reflect the
distributions of adult benthic populations in La
Parguera. Echinoid, ophiuroid and holothuroid
larval abundance peaked at the shelf-edge and
declined at oceanic and inshore stations. Bena-
vides (2006) found a trend of adult echinoderm
benthic populations decreasing offshore, with
only a few adult echinoderms identified from
the shelf-edge. However, Williams et al. (2010)
recorded higher recruitment of D. antillarum at
shelf-edge locations than at inshore sites in La
Parguera and in this study later-stage (~24 day
old) D. antillarum larvae were mainly collected
from the shelf-edge and oceanic locations. So
why is there a peak in larval abundance at the
shelf-edge?

The shelf-edge in La Parguera, Puerto
Rico is a transition zone for coral reef fish
communities with more planktivore fish-
es found inshore than at offshore waters
(Ramirez-Mella & Garcia-Sais 2003). The
depth of the reef substrate at the shelf-edge
and lack of benthic and planktonic predators
inshore may account for the higher abundance
of echinoderm larvae at this location. Lasker
(1981) argued that competition and predation
might play an important role in controlling
the distribution and abundance of zooplank-
ton. Johannes (1978) observed reef fishes
spawning offshore as a behavioral adaptation
in order to avoid predation by planktivorous
fishes. Also, the flow dynamics at the shelf-
edge is unique, possibly influencing the pres-
ence of larvae. For example, Esteves (2005)
witnessed an internal wave that broke at the
shelf-edge of La Parguera, Puerto Rico. This
internal wave brought colder waters with
presumably higher nutrient concentrations
inshore and displaced warm waters offshore.
The potential nutrient increase can influence
higher zooplankton abundance.

Additional factors that appear to have
influenced the abundance and distribution of
echinoderm larvae in this study were mesh
size and patchiness in their distribution. More
echinoderm larvae were collected in La Par-
guera, Puerto Rico than in Morales and Murillo
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(1996) study in Costa Rica. Morales & Murillo
(1996) used a 280um mesh size when collect-
ing zooplankton at the Cahuita coral reef in
Costa Rica. In this study it was found that mesh
size influenced the amount of echinoderm lar-
vae collected. The 64um mesh net was more
efficient for collecting echinoderm larvae, even
though there was less volume of filtered sea-
water. Therefore, echinoderm larval abundance
may be underestimated when a 202um and/or
greater mesh net sizes are used.

The overall variations and inconsistent
peaks of larval abundances between years of
the corresponding months during this study are
influenced by the patchy distribution of the lar-
vae. The patchiness index of echinoderm larvae
was found to be greater using the 202um mesh
net thus suggesting an increasingly aggregated
larval behavior with increasing size and age
of the larvae collected. Patchiness has been
reported in other echinoderm larval studies
(Greenwood et al. 2000, Lavitra et al. 2006,
Williams et al. 2009) and is a responsive
behavior to chemical and physical parameters
(Levinton 1982), light intensity, food avail-
ability and predators (Omori & Hamner 1982).
Unfortunately, the high sampling variability
associated with patchiness in this study con-
strains our ability to detect abundance patterns
in larger spatial scales.
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RESUMEN

Este estudio describe patrones de abundancia tempo-
ral y espacial de larvas de equinodermos en La Parguera,
Puerto Rico. La distribucién temporal de equinodermos
se caracteriz6 mediante una serie de arrastres mensuales
entre la luna nueva y luna llena, entre abril y julio 2005,

en septiembre 2006 y agosto 2007. Para evaluar la distri-
bucidn espacial de las larvas de equinodermos se llevaron
a cabo arrastres oblicuos con mallas de 64 y 202um en
siete estaciones dentro de beril, en el beril y mar afuera
(ocednica) durante agosto 2007. En total, los equinoideos
exhibieron la mayor abundancia con un total de 11 921
larvas colectadas, de las cuales 52.5% eran de Echinoidea
(erizos). Las de Ophiuroidea (estrellas quebradizas) repre-
sentaron el 45.6% del total de larvas colectadas. Larvas
de Holothuroidea (pepino del mar) y Asteroidea (estrella
del mar) constituyeron menos del 2% del total de larvas.
Estadios larvales tempranos (2-8 dias) de Diadema anti-
llarum fueron el 20% del total de larvas de equinoideos.
No se observaron patrones estacional es de larvas de
equinodermos, larvas de equinoideos y ofiuroideos se
observaron en todos los muestreos mensuales, indicando
reproduccién continua durante todo del aflo. Se observé
una alta abundancia de larvas de equinoideos en estado
avanzado durante los meses de julio, octubre y enero, y
en los meses de junio, octubre y agosto para ofiuroideos.
El incremento observado de abundancia de larvas en estos
meses puede ser indicativo de una alta actividad de reclu-
tamiento durante este periodo. Hubo una diferencia signi-
ficativa de abundancia larval entre estaciones a través del
gradiente costero-ocednico, resultando ser el beril donde la
abundancia fue mds alta. Larvas de D. antillarum en estado
avanzado (~24 dias) se colectaron mayormente en el beril
y localidades ocednicas. Estos patrones de distribucion
mar afuera pueden estar inhibiendo una recuperacién de
las poblaciones de D. antillarum mar adentro. La malla de
64um fue mds eficiente para colectar larvas de equinoder-
mos en este estudio.

Palabras claves: equinodermos, larvas, Diadema antilla-
rum, Puerto Rico, Caribbean.
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