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ABSTRACT

Background: Seagrass meadows are highly productive marine ecosystems that harbor dense and diverse ben-
thic macrofauna communities. These, seagrass ecosystems are being drastically decimated worldwide, which,
in turn, affects the density and diversity of the associated macrofauna. Goals: We investigated if the benthic
macrofaunal community structure in a tropical seagrass meadow exposed to the open sea is related to the
gradient of environmental and biological factors generated by the distance from the coast. Methods: The study
was conducted in the seagrass meadow from Los Petenes Biosphere Reserve. Biological samples and environ-
mental variables were obtained by triplicate at twelve sampling sites divided into three transects located at 0.5,
9.0, and 17.0 km from the coast. Results: Benthic macrofaunal density varied from 933 to 2550 indv. m2. The
collected specimens belonged to ten taxonomic classes: Asteroidea, Bivalvia, Echinoidea, Gastropoda, Holothu-
roidea, Malacostraca, Ophiuroidea, Polychaeta, Polyplacophora, and Sipunculidea. Taxonomic composition from
far from the coast transects was homogeneous within transects but different between transects. Taxonomic
composition of near to the coast transect was heterogeneous, mainly influenced by the low diversity of classes
from the site closest to the Campeche city. Conclusions: In this tropical seagrass meadow, the composition of
the benthic macrofauna is mainly modulated by a set of environmental variables that gradually change from the
coast to the open sea: Thalassia testudinum biomass, algae biomass, depth, and phosphate levels in sediment.
In contrast, the maximum density of the benthic macrofauna is limited to an optimal biomass of the dominant
seagrass species T. testudinum. This relationship is not lineal, but it follows a Log-Normal distribution pattern.

Keywords: Benthic macrofauna, Los Petenes Biosphere Reserve, Thalassia testudinum, seagrass biomass

RESUMEN

Antecedentes: Las praderas de pastos marinos son ecosistemas altamente productivos que albergan comuni-
dades densas y diversas de macrofauna bentonica. Estos ecosistemas estan siendo diezmados drasticamente
a nivel mundial, afectando la densidad y diversidad de su macrofauna bentonica. Objetivo: Se investig si la
estructura de la comunidad de macrofauna bentdnica, de una pradera marina tropical expuesta a mar abierto,
esta relacionada con el gradiente de variables ambientales y bioldgicas generado por la distancia de la costa.
Métodos: El estudio se realizd en la pradera de pastos marinos de la Reserva de la Biosfera Los Petenes. Las
muestras biologicas y las variables ambientales fueron obtenidas por triplicado en 12 sitios, en tres transectos
localizados a 0.5, 9.0 y 17.0 km desde la costa. Resultados: La densidad de la macrofauna bentdnica vari6 de
933 a 2550 ind. m2. Los ejemplares recolectados pertenecieron a 10 clases taxonomicas: Asteroidea, Bivalvia,
Echinoidea, Gastropoda, Holoturoidea, Malacostraca, Ophiuroidea, Polychaeta, Polyplacophora y Sipunculidea.
La composicion taxondmica en los transectos alejados de la costa fue homogénea dentro de transectos, pero
diferente entre transectos. La composicion del transecto cercano a la costa fue heterogenea, principalmente
influenciada por la baja diversidad del sitio cercano a la ciudad de Campeche. Conclusiones: En esta prade-
ra marina tropical, la composicion de la macrofauna benténica esta modulada principalmente por un set de
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variables ambientales que cambian gradualmente desde la costa hacia
mar abierto: biomasa del pasto marino Thalassia testudinum, biomasa
de algas, profundidad y concentracién de fosfato en el sedimento. En
contraste, la densidad méxima de la macrofauna bentonica esta limitada
a una biomasa optima del pasto marino dominante T. testudinum. Esta
relacion no es lineal, sino que se ajusta a una distribucion Log Normal.

Palabras clave: Macrofauna bentonica, Reserva de la Biosfera Los Pe-
tenes, Thalassia testudinum, biomasa de pasto marino

INTRODUCTION

Seagrass meadows are highly productive marine ecosystems with high
benthic macrofaunal density and diversity (Duffy, 2006; Fredriksen et
al., 2010; Heck et al., 2003). Benthic faunal assemblages in seagrass
beds are not uniform but are influenced by many environmental and
biological factors that change across space and time (Avila et al., 2015;
Barnes & Ellwood, 2012; Perez et al., 2009; Pillay et al., 2010). Among
the factors that have been suggested to exert a significant influence on
seagrass macrofauna are chemical factors, such as salinity (Yamada
et al., 2007), physical factors, such as wind disturbance, current velo-
city or exposure to waves (Avila et al.,, 2015; Turner et al., 1999), and
biological factors, such as habitat complexity, predation, and species
composition (De Troch et al., 2001; Heck et al., 2006; Leopardas et al.,
2014). Despite their important ecological role, seagrass meadows are
among the most vulnerable habitats of coastal and estuarine ecosys-
tems. Conservation efforts are insufficient to stop their rapid decline
resulting from natural and anthropogenic activities (Duarte, 2002; Lotze
et al., 2006; Short et al., 2011; Waycott et al., 2009), which, in turn,
affects the density and diversity of the associated biota (Pillay et al.,
2010).

There are many tropical seagrass meadows in the Gulf of Mexi-
co (Espinoza-Avalos, 1996; Short et al., 2007; Van Tussenbroek et al.,
2014). Los Petenes Biosphere Reserve (LPBR) is located along the coast
of Campeche, México which harbors a seagrass meadow that extends
up to 25 km offshore and more than 80 km through the coast. This sea-
grass meadow has not natural protection barriers, except the shallow
marine floor. Three seagrass species comprise the submerged aquatic
vegetation (SAV) of the LPBR, Halodule wrightii Ascherson, Syringodium
filiforme Kiitzing and Thalassia testudinum Koenig, as well as many ma-
croalgae species such as Caulerpa sp. and Halimeda sp. Penicillus sp.
and Udotea sp. (Espinoza-Avalos, 1996; Fuentes et al., 2014). It is one
of the largest and best-conserved seagrass habitats. However, the ben-
thic macrofauna of this important tropical seagrass meadow is poorly
known. There are some studies on the enclosed water body Laguna
de Terminos (LT), located 150 km south of the LPBR. In LT, Avila et al.,
(2015) found a benthic macrofauna community with high abundance
and species richness, dominated by gastropods and bivalves. The ben-
thic macrofaunal community structure of LT is highly influenced by the
degree of protection against the wind-driven waves (Avila et al., 2015).
In the same lagoon, Solis-Weiss & Carrefio (1985) and Cruz-Abrego et
al., (1994) found a high diversity of benthic macrofauna dominated by
crustaceans and polychaetes, related to the distance of the sampling
site to the connection of the lagoon with the open sea. Although the
dominant macrofaunal groups differ among the mentioned studies, the
assemblages seem to be related to similar factors associated with the
distance to the open sea.
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Considering that the seagrass meadow of the LPBR is located in a
shallow open sea (from <0.5 to 11 m of depth) with a more considera-
ble extension than the LT, we hypothesized that the distribution pattern
of the benthic macrofaunal assemblages is related to the offshore gra-
dient of environmental and biological variables. The aims of this study
were: (1) to describe the macrobenthic community structure at the ta-
xonomic level of classes into the seagrass meadow of the LPBR, and
(2) to assess the relationship of the macrobenthic community structure
(composition and density) with the environmental and biological varia-
bles that change from nearshore to offshore.

MATERIALS AND METHODS

Study area. The study area was the seagrass meadow of LPBR, lo-
cated on the coast of Campeche, in the southern Gulf of Mexico (Fig.
1a). The sampling was carried out in December 2013 by SCUBA-diving
along three transects parallel to the coastline (TA, TB, and TC; Fig. 1b).
TA was traced along the longitudinal axis of 90.50°W with a distance
of 0.2 to 1.4 km from the coast, TB was traced along 90.58°W at 8.4
km distance from TA, and TC along 90.66°W at 8.4 km distance from
TB. Along each transect, four equidistant sampling stations were esta-
blished, resulting in a total of twelve sampling stations. The resulting
polygon covered approximately half of the LPBR marine area (Fig. 1b).

Biological and environmental data collection. Benthic macrofauna
was sampled using a stainless-steel core of 21 cm diameter x 42 ¢cm
depth (surface area of 0.03 m?). At each sampling station, three re-
plicate sediment samples were taken. Sediments of the upper 20 cm
were sieved through a sieve of 1Tmm mesh size, and macrofauna was
immediately sorted and preserved in 70% ethanol for posterior identi-
fication and counting. SAV was sampled with the same core; samples
were washed with seawater to clean the surface from sediment and
epiphytic organisms. After that, SAV was stored in labeled plastic bags
and conserved on ice until the analysis. Additionally, sediment samples
were collected with transparent acrylic cores (3.6 cm inner diameter,
20 cm depth) and keep it in a freezer (-18 °C) until organic carbon and
granulometry analysis were performed. Another sediment core sample
was used for interstitial water extraction by centrifugation, and nitrate
and phosphate concentration were measured.

Measurements of water salinity, temperature, pH and dissolved
oxygen were made 50 cm above the SAV at each sampling site using a
multiparameter probe (YSI 555MPS; YSI Inc., Yellow Springs, OH, USA).
Water samples were collected 50 cm above the seagrass using a Van
Dorn-type bottle. Nitrate, as well as phosphate concentrations (mea-
sured as reactive soluble phosphate), were quantified in water column
samples reported as pmol L' (Strickland & Parson, 1972).

At laboratory, benthic organisms were washed and identified
to Class level according to specialized literature: Polychaeta (De
Ledn-Gonzalez et al., 2009), Bivalvia and Gastropoda (Ekdale, 1974;
Garcia-Cubas, 1981; Pérez-Rodriguez, 1980), Malacostraca (Abele &
Kim, 1986; Winfield et al., 2007), Asteroidea, Echinoidea, Holothuroidea
and Ophiuroidea (Bravo-Tzompantzi et al., 2000). Identified organisms
were counted and reported as average density = standard deviation,
i.e., the total number of individuals per square meter (indv. m) for each
taxonomic category.

Hidrobiol6gica
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Figures 1a-b. a) Location of Los Petenes Biosphere Reserve (LPBR) at the southeastern coast of the Gulf of Mexico; b) Transects (A, B and C) with four sampling
stations each. Rectangle represents the San Francisco de Campeche city, Campeche, México. The Polygon in 1b), corresponds to the limits of LBBR.

The organic content analysis in sediments was measured by titra-
tion (Gaudette ef al., 1974). The granulometric analysis was achieved
by dry sieving with different mesh sizes, and the average particle dia-
meter was calculated (McManus, 1988). Vegetation was identified and
separated by species (Hartog & Kuo, 2006). The aerial and subterranean
sections of each species were separated to be dried at 60 °C during 72
h and weighed on an analytical balance (Radwag, USA + 0.001 g). The
biomass =+ standard deviation of each seagrass species was calculated
(g of dry weight m?).

Data analysis. To examine the spatial distribution of benthic density, It
was plotted the average density of total organisms per site, using the
Ocean Data View software (Schlitzer, 2016). The contribution of each ta-
xonomic Class to the total density was calculated and plotted using the
software SIGMA PLOT (Jandel Scientific Software, San Rafael, CA, USA).
To evaluate the community structure of macrobenthic assemblages,
macrofaunal density data were statistically analyzed using the PRIMER
6 software (Clarke & Gorley, 2006; Field et al., 1982). A non-metric mul-
tidimensional scaling (NMDS) plot was constructed to represent data
similarities as distances between points in a low dimensional space.
The NMDS plot was based on the Bray-Curtis similarity resemblance
matrices. Macrofaunal density data were square root transformed to
down-weight the contribution from quantitatively dominant macrofauna
Classes (Clarke, 1993). Analysis of similarities (ANOSIM) was applied to
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test spatial differences among macrobenthic assemblages. Two factors
were tested, spatial variation between inshore to offshore transects
(TA, TB, and TC) and between latitudinal stations (1, 2, 3 and 4). The
contribution of each taxonomic Class to similarities within groups and
dissimilarities between groups were explored using the similarity per-
centages routine (SIMPER).

Principal component analysis (PCA) was performed to determi-
ne the importance of the environmental variables characterizing the
habitat: T. testudinum biomass, S. filiforme biomass, algae biomass,
percentage of organic carbon in sediment, sediment particle diameter,
water temperature, salinity, depth, and nitrate and phosphate in the wa-
ter column and in the sediment (interstitial water). The PCA was made
using Euclidean distance matrices on normalized data, which was per-
formed using the PRIMER v6 software package. The ANOSIM was used
to analyze the spatial differences as in biological data.

The relationship between biological and environmental variables
with the community composition of benthic macrofauna was deter-
mined by (1) a BIOENV analysis, which selects the best combination
of variables that explain the biological variability, and by (2) a RELATE
Analysis, which evaluates the Pearson correlation between the environ-
mental similarity matrix of the most important variables and the biolo-
gical matrix of all specimens.



Moreover, to visualize which environmental variable showed the
relation with macrofaunal density, a one-to-one graphical relation and
correlation were run for each biological and environmental variable
against the total density of benthic macrofauna. The plotted data were
then fitted to different mathematical models using the Marquardt-Le-
venberg algorithm included in the SIGMAPLOT software (Jandel Scien-
tific Software, San Rafael, CA, USA).

RESULTS

Benthic macrofaunal density and community structure. The to-
tal density values of benthic macrofauna in the seagrass meadow of
LPBR were heterogeneous. As shown in figure 2a, the highest average
densities were concentrated along TB in the middle of the study area
(1991.6+378.3 indv. m?), followed by TC (1741. 7+391.9 indv. m?)
and TA (1544.4+582.9 indv. m). As indicated by the high standard
deviations of the average macrofaunal density of each transect, there
was high variability among sites. Site A1 had the lowest average total
density of all sites (966+100 indv. m?) and C4 the highest average total
density (2222.2+252.4 indv. m?) (Fig. 2a).

Benthic macrofauna was composed by 10 taxonomic Classes,
~99% was represented by five Classes with different percent of con-
tribution to the total density: 55.69% Gastropoda (977.77+448.13 indv.
m?), 31.17% Bivalvia (547.22+326.63 indv. m?), 7.12% Malacostra-
ca (125.00+120.15 indv. m?), 4.22% Polychaeta (74.07+124.50 indv.
m2), and 0.79% Ophiuroidea (13.88+25.66 indv. m). The remaining
~1.01% was composed of 0.47% Sipunculidea (8.33+21.64 indv.
m?), 0.21% Holothuroidea (3.73+13.28 indv. m?), 0.21 % Asteroidea
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(3.70+13.28 indv. m?), 0.05 % Echinoidea (0.92+5.55 indv. m) and
0.05% Polyplacophora (0.92+5.55 indv. m?) (Fig. 2b).

NMDS analysis revealed a community structure commensurate
with the spatial distribution of inshore to offshore transect (Fig. 3). All
sites of TC were separated from TA and TB stations, whereas the sites
belonging to TA and TB showed a discrete spatial separation, except A1
site. The faunal differences among transects were significant, as confir-
med by the ANOSIM test (X=0.617, p=0.001; Table 1). The macrofaunal
composition was significantly different, even latitudinally, ANOSIM test
(X=0.466, p=0.001). However, variation was given mainly by stations
near to the Campeche city, since these were different from the rest of
stations (Table 1).

The heterogeneity of the community structure was reflected in
the spatial distribution of the five most abundant Classes. Gastropoda
were numerically dominant along TB (Fig. 4a), Bivalvia were numerically
dominant in deepest stations (TC) (Fig. 4b), Malacostraca were more
abundant near the coast (TA) (Fig. 4c), Polychaeta densities were hi-
ghest at deep stations (Fig. 4d), and Ophiuroidea were distributed in TB
and TC stations (Fig. 4e). Holothuroidea was found only along the most
distant to the coast transect (TC), and only adult individuals were found.

Gastropoda and Bivalvia were the most important invertebrates
defining the community structure. The SIMPER analysis revealed that
Gastropoda and Bivalvia contributed most to the similarity within TA
(56.67% and 23.15%, respectively) and also within TB (Gastropoda
51.83%, Bivalvia 28.06%) (Table 2). TC was also characterized mainly
by Bivalvia (40.08%) and Gastropoda (36.11%) (Table 2).

Gasteropoda
55.69%

Others
1.00%

Ophiuroidea
0.79%

Polychaeta
4.22%

Bivalvia
31.17%

Vialacostraca
7.12%

Figures 2a-b. a) Average density of benthic macrofauna (indv. m); b) Average percentage contribution of taxonomic Classes to the total macrofauna density collected

in Los Petenes Biosphere Reserve (Campeche, México).
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Figure 3. Non-metric multidimensional scaling (NMDS) based on benthic macrofaunal abundance in Los Petenes Biosphere Reserve (Campeche, México).

Table 1. ANOSIM based on the Bray-Curtis similarity matrix of benthic
macroinvertebrate abundances among inshore to offshore transects.

Table 2. Similarity results of the SIMPER test based on benthic macro-
faunal abundances of different transects.

P P Av.Sim  Sim/SD  Cont.%  Cum%
Global Itr:zzggiigffshore 0.617 0.001 TA (Av. Sim = 72.26)
Gastropoda 40.95 9.77 56.67 56.67
TAvsTB 0.546 0.003 Bivalvia 1673 105 2315  79.82
TAvsTC 0.5 0.008 Malacostraca 1010 088 1398  93.80
TBvsTC 0.843 0.001 TB (Av. Sim = 83.27)
Global Latitudinal Stations 0.466 0.001 Gastropoda 43.16 10.31 51.83 51.83
51,82 0.506 0.01 Bivalvia 2336 923 2806  79.89
1,83 0.568 0.006 Malacostraca 1106 327 1328 93.18
$1,54 0.543 0.005 TC (Av. Sim = 77.28)
S2,83 0.358 0.04 Bivalvia 3097  5.74 40.08  40.08
S2, 54 0.272 0.08 Gastropoda 27.90 7.26 36.11 76.19
S3, S4 0.235 0.08 Polychaeta 1197 335 1549 9168

(TA = transect A; TB = transect B, TC = transect C) and latitudinal stations in
the seagrass meadow of LPBR (S1 = stations 1; S2= stations 2, S3= stations 3,
S4= stations 4). p = sample statistic; p = Significance level of sample statistic.

Vol. 30 No. 1 2020

(TA = transect A; TB = transect B, TC = transect C). Av. Sim = average of
the similarity, Sim/SD = ratio of average contribution divided by SD, Cont.%
=percentage of contribution, Cum% = culminated % contributions.
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Figures 4a-e. Densities of the five dominant Classes of benthic macrofauna superimposed on the NMDS. a) Gasteropoda; b) Bivalvia; ¢) Malacostraca; d) Polychaeta;

€) Ophiuroidea in Los Petenes Biosphere Reserve (Campeche, México).

The presence of Gastropoda and Bivalvia varied among transects,
and the variations in density contributed to the distinction of the faunal
assemblages. The dissimilarity between TA and TB (25.64%) was due to
Bivalvia (25.05%), Gastropoda (24.50%), and Malacostraca (20.64%).
The difference between TA and TC (30.63%) was due to Bivalvia
(28.31%), Malacostraca (19.80%), and Polychaeta (18.06%). Finally,
Gastropoda (26.98%), Bivalvia (18.46%), and Polychaeta (17.96%) de-
termined the difference between TB and TC (28.32%), (Table 3).

Environmental variables. The PCA analysis grouped the sampling si-
tes according to an environmental conditions gradient. Three groups

were clearly defined, representing all transects TA, TB, and TC (Fig. 5).
The first two principal components (PC) explained 59.4% of the total
variance; PC1 (38.1% variation) and PC2 (21.3% variation) (Table 4).
The most important variables defining PC1 were the organic carbon
load (r =0.437), T. testudinum biomass (r=0.390), salinity (r =0.388),
depth (r=0.386), and water temperature (r=0.362) (Table 4). The most
important variables defining PC2 were related to nutrient concentra-
tions, i.e., phosphate (r =0.563) and nitrate (r =0.528) in the interstitial
water of sediments, as well as phosphate concentration in the water
column (r =0.413) (Table 4).

Table 3. Dissimilarity results of the SIMPER test based on benthic macrofaunal abundances of different transects in Los Petenes Biosphere Reserve

(Campeche, Mexico)

TAvsTB TAvsTC TBvsTC
Av. Diss = 25.64 Av. Diss = 30.63 Av. Diss = 28.32

Av.Diss  Diss/SD  Cont. % Av.Diss  Diss/SD  Cont.% Av.Diss  Diss/SD  Cont. %
Bivalvia 6.42 110  25.05 8.67 1.06 28.31 5.23 1.55 18.46
Gastropoda 6.28 1.58 2450 4.70 1.28 15.34 7.64 1.77 26.98
Malacostraca 5.29 169  20.64 6.06 1.61 19.80 3.58 1.35 12.65
Ophiuroidea 2.72 1.10 10.60 1.55 0.74 5.07 2.38 112 8.41
Polychaeta 2.29 1.06 8.94 5.53 1.51 18.06 5.09 1.48 17.96

(TA = transect A; TB = transect B, TC = transect C). Av. Diss = average of dissimilaritie, Diss/SD = ratio of average contributions, Cont.% = percentage contribution,

Cum% = culminated % contributions.

Hidrobiol6gica
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The spatial pattern of the environmental variables was confirmed
by the ANOSIM analysis (p = 0.41, p =0.002), which showed that the
abiotic conditions changed from nearshore to offshore. Whereas TA was
significantly different from TB (p =0.51, p =0.029) and TC (p =0.84, p
=0.02), TB was not different fr om TC (p =0.15, p =0.14).

The T testudinum biomass was high in inshore stations
(2163.3+1407.3 g m? in TA), but low or zero in offshore stations
(183175 g m2in TB and 417.5+431.6 g m2 in TC) (Fig. 6a). By con-
trast, S. filiforme biomass was high in the middle and offshore stations
(TB: 594.6+467.2 g m? and TC: 500.3+691.9 g m?), but absent in all
stations near the coast (TA: 0 g m?). The algae biomass ranged from
0 g m?to 155 g m? and represented less than 7% of the total SAV
biomass (Fig. 6b).

Average sediment particle diameter ranged from 0.54+0.40 mm in
TAt0 0.97+0.42 mm in TC. The organic carbon content in the sediment
ranged from 6.72+2.11% in TAto 2.69+1.12% in TB, and 1.65+1.04%
in TC (Fig. 6¢). TA was the shallowest transect with an average depth
of 1.9+0.3 m, while the average depth of TB was 2.9+0.8 m, and the
deepest transect was TC with 4.9+0.3 m of average depth. Accordingly,
the temperature changed gradually offshore, with the highest avera-
ge temperature in TA (28.0+0.66 °C), and lower temperatures in TB
(27.1+0.36 °C) and TC (26.4+0.4 °C). Average salinity values increased
from the coast to offshore with values of 28.0+1.9 in TA, 33.0+1.2 in
TB, and 35.0+1.1in TC.

Nutrient concentrations in the water column as well as in the in-
terstitial water of the sediment were homogeneous. Nitrate measured
in the water column showed values from 7.66+6.76 pmol L in TA,
10.48+2.08 pymol L' in TB, and 11.55+4.77 pmol L " in TC. The phos-
phate concentrations in the water column were 2.08+1.51 pmol L in
TA, 1.34+4.77 pmol L in TB, and 2.66 + 1.92 pmol L in TC. Phospha-
te concentrations in the interstitial water ranged from 1.42+1.63 pmol
L"inTAand 1.40+1.31 pmol L™ in TB to 2.00+1.34 pmol L in TC (Fig.
6d). Nitrate measured in the interstitial water varied from 22.98+5.16
pmol L in TA to 19.35+6.58 pmol L' in TB and 20.56+6.23 pmol L
in TC (Fig. 6e).

Relation between the benthic macrofauna with the environmental
variables. The BIOENV analysis showed a strong correlation between
the community structure of the LPBR and the group of environmental
variables: T. testudinum biomass, algae biomass, depth, and phosphate
concentration in the water column (p =0.69, p =0.023%). However, T.
testudinum biomass alone had a Pearson correlation of 0.57, the hi-
ghest of any individual variable, and also was present in the five best
combinations of environmental variables (Table 5). The highest correla-
tion of the four environmental variables was confirmed by the RELATE
analysis, which significantly matched the similarity matrix of these va-
riables with the biological matrix (p =0.697, p =0.0008).

Moreover, when we probe the correlation of environmental varia-
bles with benthic macrofaunal density, instead of macrofauna commu-
nity composition, the highest correlation was given by T. testudinum
biomass (> =0.7) (Fig. 7). Interestingly, the relation between benthic
macrofauna density and T. testudinum biomass was not linear but fo-
llow a Log normal distribution with a peak of maximal benthic macro-
faunal density at 2200+73.34 ind m2in a T. testudinum biomass of 800
-1200 g m? (Fig. 7).
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Table 4. Eigenvalues and correlation matrix loadings of the significant
principal components (PC) of environmental variables in Los Petenes
Biosphere Reserve (Campeche, Mexico).

Variables PC1 PC2
Thalassia testudinum

0.39 0.171
Biomass
Syringodium filiforme biomass -0.255 0.007
Algae biomass 0.136 -0.049
Organic carbon percentage in sediment 0.437 0.039
¢ Sediment average particle diameter -0.263 -0.271
Water temperature 0.362 0.109
Salinity -0.388 0.173
Depth -0.386 0.161
NO, in water column -0.251 0.245
PO, in water column -0.001 0.413
NO, in sediment 0.077 0.528
PO, in sediment -0.064 0.563
Eigenvalue 4.57 2.56
Variance (%) 38.1 21.3
Cumulative (%) 38.1 59.4

DISCUSSION

The benthic macrofauna from the tropical seagrass meadow of the
LPBR was composed by 10 taxonomic Classes. Their community struc-
ture responds to the heterogeneity of environmental and biological va-
riables that change according to the environmental gradient identified
from inshore to offshore. The four most important variables influencing
the community structure were T. testudinum biomass, algae biomass,
depth, and phosphate levels in the water column.

Table 5. BIOENV results for the higher Pearson correlation for each
number of environmental and biological variables with the macroben-
thic community.

Number of Environmental variables  Pearson correlation
variables

1 Tt 0.570

2 Tt Al 0.609

3 Tt, Al PO, aq 0.681

4 Tt, Al, De, PO, aq, 0.697

5 Tt, Al, De, PO, aq,NO, se 0.693

Abbreviations of environmental variables are as such: Tt: Thalassia testudinum
biomass, Al: Algae biomass, PO, aq: PO, concentration in interstitial water of
sediment column, NO, se: NO, in interstitial water of sediments. The Global test
for the 999 permutations to find the highest Pearson correlation give a p= 0.697
and Significance level p= 0.038.
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Figure 5. Principal component analysis performed with environmental variables in Los Petenes Biosphere Reserve (Campeche, México). Transect A (o), Transect B
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perature; CO: organic carbon percentage in dry sediment; Algae: algae biomass.

It is known that seagrasses increase the availability of habitat
structures for the associated fauna (Orth et al., 1984). In LPBR, T. testu-
dinum biomass resulted to be the most important regulator of the ma-
crobenthic community structure and density. The importance of algae,
which in LPBR account for less than 7% of the total SAV, is probably
related to food availability for many gastropod species, since seagrass
is less palatable and less nutritive than algae (Hemminga & Duarte,
2000). Changes in macrofaunal composition and biomass with depth
may be due to changes in light availability that affect the productivity of
seagrasses directly, thus indirectly altering the community structure of
the benthic macrofauna in LPBR. Phosphate concentration in the water
column and sediments is not a common variable known to influence
benthic macrofauna but that influence the SAV, which in turn affects
benthic macrofauna. The high values of phosphate found in LPBR are
most probably due to continental discharges, as a higher phosphate
load was found in stations nearest to the Campeche City.

In LPBR, more taxonomic Classes were identified and a different
community structure of benthic macrofauna was found compared to

other tropical seagrass meadows, as an example: the Morrocoy Natio-
nal Park of Venezuela (Bitter-Soto, 1999) the Card sound and Apalachee
Bay in Florida (Brook, 1977; Dugan & Livingston, 1982) and even in
Laguna de Terminos, Mexico (Avila et al., 2015). We suggest that this
difference is due to the high degree of exposure to the open sea since
LPBR is a large seagrass bed that extends around 20 to 25 km from
the coast to the open sea and, except for the seagrass structures, lacks
mechanical protection from waves. This study is particularly contrasting
to the enclosed lagoons or estuaries of the previous mentioned studies.
Given that the LPBR is an extensive seagrass bed, it presents gradual
variability in the environmental conditions, which could be reflected
in a highly variable community structure. The highest environmental
variability was found along TA that is near to the coastline, where an
important mangrove swamp occurs. TA receives an important and con-
tinuous input of underground water (Bauer-Gottwein et al., 2011; Perry
et al., 2009), and the mangrove forest contributes to an increase on the
environmental heterogeneity and the faunal migration.

Hidrobiol6gica
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In this study, the maximal benthic macrofauna density was found
at an optimal amount of seagrass biomass. Lower or higher densities
of vegetation were associated with lower benthic macrofaunal density
and diversity. Lower T. testudinum biomass provides a less complex
spatial structure and less available food (Duffy, 2006). By contrast, high
vegetation biomass produces a high accumulation of organic matter
in the sediment with subsequent anoxia and high sulfide concentra-
tions, which is toxic for seagrasses and many benthic species (Calleja
et al., 2007; Koch et al., 2007). Particularly at the site with the highest
seagrass biomass (A1), Bivalvia were absent, and only three macroben-
thic taxonomic Classes were present (Gastropoda, Malacostraca, and
Polychaeta). This finding is remarkable, as bivalves, especially Lucinid
clams, are essential for the biogeochemistry and health of seagrasses
(Reynolds et al., 2007; Van der Heide et al., 2012). Three stages of sym-
biosis between seagrasses, bivalves, and sulfide-oxidizing endosym-
biont bacteria have been reported, increasing seagrass production (Van
der Heide et al., 2012). However, an excessive seagrass below-ground
biomass obstructs the burrowing activity of Lucinids, causing an in-
crease of their mortality rate (Rattanachot & Prathep, 2015). Therefore,
the absence of bivalves at sampling site A1 could thus be a result of
the high seagrass biomass and especially the below-ground seagrass
biomass. The lack of the Lucinids symbiont bivalves at site A1 could be
causing an instability of the seagrass ecosystem since no consump-
tion of the H,S by sulfide oxidant endosymbiotic bacteria could increa-
se toxicity in sediments and, as a consequence, the decrease of the
macrofauna density and diversity. We found that only a small range of
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seagrass biomass is related to the maximal benthic macrofaunal densi-
ty, which suggests that seagrass biomass has a strong influence on the
benthic macrofaunal density in the tropical seagrass meadow of LPBR.
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Figure 7. Relationship between benthic macrofaunal density and Thalassia tes-
tudinum biomass at Los Petenes Biosphere Reserve (Campeche, México). The
continuous line represents the fit of the data to the mathematical model y= a
exp [-0.5 * (In (x/x,)/w)?], where a is the peak of maximum benthic macrofaunal
density, w is the width peak and x, is the T. testudinum biomass content at
maximum benthic macrofaunal density.
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The community structure and particular environmental characteris-
tics observed at the sampling site A1 could be reflecting the human im-
pact in LPBR. This sampling site is located at 3 km from a wastewater
discharge of Campeche City. It is known that waste-water discharges of
urban settlements lead to high inputs of organic carbon and nutrients,
eventually changing biodiversity and disturbing marine ecosystems,
such as seagrass ecosystems (Duarte, 2000; Laurila-Pant et al., 2015;
Pillay et al., 2010). Site A1 showed the lowest benthic macrofaunal den-
sity and diversity, and the highest SAV biomass, phosphate concentra-
tion in the water column and the highest percentage of organic carbon
in the sediment. Moreover, the phosphate concentrations measured in
the water column at sites A1, were almost one order of magnitude hi-
gher compared to the rest of the sampling sites of the LPBR and also
compared to other nearby sites in the Yucatan peninsula (Herrera-Silve-
ra et al., 2004). Bivalves are highly susceptible to contaminants and di-
sappear from highly eutrophic seagrass meadows, such as those close
to seaweed farms (Lyimo et al., 2009). Similar results had already been
reported in @ UNESCO biosphere reserve seagrass meadow (Bologna
et al., 2008), they found that the most anthropogenically impacted site
presented the highest seagrass biomass but the less dense and diver-
se macrofauna community. However, to assess the potential pollution
source, its impact on the seagrass ecosystem, and the capacity for re-
silience of the LPBR tropical seagrass bed, it is necessary to evaluate
the health status of the seagrass meadow from the LPBR by conducting
a long-term monitoring program. In that way, our study provides the
baseline to begin this kind of monitoring programs.

The community structure of VAS and benthic macrofauna of the LPBR
turned out to be complex. In the present study, we showed the presence
of the seagrass species T. testudinumand S. filiforme, several macroalgae
genera, and macrobenthic specimens belonging to 10 taxonomic Clas-
ses, which help us to identify different biodiversity interactions between
them. Yet, more features of this important ecosystem should be studied to
have a better understanding of the ecological regulation mechanisms of
this natural reserve, which is still considered as one of the most extensive
and best-conserved seagrass meadows in México ( CONANP, 2006). The
better understanding of seagrass ecosystems is necessary to establish
their good reputation and contribute to sound management strategies of
seagrass ecosystems around the world.

ACKNOWLEDGEMENTS

This study was supported by INECC-SEMARNAT, CONABIO Pro-
ject.14712537. Fortalecimiento de la linea base del Golfo de México.
Indicadores del Estado de salud de las Comunidades de pasto marino
en la RBLP, Campeche. H.0.A. received a postdoctoral scholarship from
PROMEP-SEP, Oficio No. PROMEP/103-5/13/3382.

REFERENCES

ABelk, L. & W. Kiv. 1986. An illustrated guide to the marine decapod
crustaceans of Florida. Tallahase, State Florida: Depto of Environ-
mental Regulation. 8: 172 p.

Avia, E., B. Yafez & L. E. Vazauez-Matbonano. 2015, Influence of habitat
structure and environmental regime on spatial distribution patterns
of macroinvertebrate assemblages associated with seagrass beds
in a southern Gulf of Mexico coastal lagoon. Marine Biology Re-
search 11: 755-764. D0I:10.1080/17451000.2015.1007875

Ocampo-Alvarez H. et al.

Barnes, R. S. K. & M. D. F. Eiwoop. 2012. Spatial variation in the ma-
crobenthic assemblages of intertidal seagrass along the long axis
of an estuary. Estuarine, Coastal and Shelf Science 112: 173-182.
DOI: 10.1016/j.ecss.2012.07.013

Bauer-Gottwei, P., B. N. Gonpwe, G. CHARVET, L. E. Marin, M. ResoLLEDO-VIEYRA
& G. Merepiz-Atonso. 2011. Review: The Yucatan Peninsula karst
aquifer, Mexico. Hydrogeology Journal 19: 507-524. DOI:10.1007/
$10040-010-0699-5

Birter-Soto, R. 1999. Benthic communities associated to Thalassia tes-
tinum (Hydrocharitaceae) at three localities of Morrocoy National
Park, Venezuela. Revista de Biologia Tropical/International Journal
of Tropical Biology and Conservation 47:443-452.

Botoana, A. X., R. Papacian, S. Recerz, C. DaLe. 2008. Assesment of turtle
grass (Thalassia testudinum ex Banks koning) community structure
in an UNESCO Biosphere reserve. Journal of experimental Marine
Biology and Ecology 365: 148-155.

Bravo-Tzompantzi, D. M., E. Caso-Mufioz, A. LacuarDA-Fiueras, F. A. So-
Lis-Marin, B. E. Buitron-SancHez & M. Asreu-Perez. 2000. Equino-
dermos (Echinodermata: Echinoidea) fosiles y recientes del Golfoy
Caribe Mexicano. Gobierno de Campeche. 101 p.

Brook, I. M. 1977. Trophic relationships in a seagrass communi-
ty (Thalassia testudinum), in Card Sound, Florida. Fish diets in
relation to macrobenthic and cryptic faunal abundance. Tran-
sactions of the American Fisheries Society 106: 219-229.
DOI:10.1577/1548-8659(1977)106<219:TRIASC>2.0.C0;2

CaLLEsA, M. L., N. Marea & C. M. Duarte. 2007. The relationship between
seagrass (Posidonia oceanica) decline and sulfide porewater con-
centration in carbonate sediments. Estuarine, Coastal and Shelf
Science 73: 583-588. D0I:10.1016/j.ecss.2007.02.016

Cuarke, K. R. 1993. Non-parametric multivariate analyses of changes in
community structure. Australian Journal of Ecology 18: 117-143.
DOI:10.1111/j.1442-9993.1993.th00438.x

Cuarkg, K. R. & R. N. GorLey. 2006. Primer v6: User Manual/Tutorial. Ply-
mouth: PRIMER-E.

CONANP. 2006. Programa de conservacion y manejo, Reserva de la
Biosfera Los Petenes. CONANP. México 203 p.

Cruz-Aereco, F., A. P. HernAnez & V. S. Weiss. 1994. Estudios de la fauna
de poliquetos (Annelida) y moluscos (Gastropoda y Bivalvia) aso-
ciada con ambientes de pastos marinos (Thalassia testudinum) y
manglares (Rhyzophora mangle) en la laguna de Términos, Campe-
che, México. Annales del Instituto de Ciencias del Mar y Limnologia
21:1-13.

DE LeoN-GonzALez, J. A., J. R. BasTiDa-ZAvALA, L. F. CARRERA-PARRA, M. E. GAR-
cia-Garza, A. Pefia-Rivera, S. |. Satazar-VaLLedo & V. Sois-WEiss. 2009.
Poliquetos (Annelida: Poychaeta) de México y América Tropical.
Universidad Autonoma de Nuevo Ledn. Monterrey, México. 737 p.

De TrocH, M., S. Guroeseke, F. Fiers & M. Vincx. 2001. Zonation and struc-
turing factors of meiofauna communities in a tropical seagrass bed
(Gazi Bay, Kenya). Journal of Sea Research 45: 45-61.D01:10.1016/
$1385-1101(00)00055-1

Hidrobiol6gica


http://dx.doi.org/10.1016/j.ecss.2012.07.013
http://dx.doi.org/10.1016/j.ecss.2007.02.016
http://dx.doi.org/10.1016/S1385-1101(00)00055-1
http://dx.doi.org/10.1016/S1385-1101(00)00055-1

Macrobenthos of tropical seagrass meadow

Duarte, C. M. 2000. Marine biodiversity and ecosystem services: an elu-
sive link. Journal of Experimental Marine Biology and Ecology 250:
117-131. D0I:10.1016/50022-0981(00)00194-5

Duarte, C. M. 2002. The future of seagrass meadows. Environmental
Conservation 29: 192-206. DOI:10.1017/50376892902000127

Durry, J. E. 2006. Biodiversity and the functioning of seagrass ecosys-
tems. Marine Ecology Progress Series 311: 233-250. D0I:10.3354/
meps311233

Ducan, P. J. & R. J. Livineston. 1982. Long-term variation of macroin-
vertebrate assemblages in Apalachee Bay, Florida. Estuarine,
Coastal and Shelf Science 14: 391-403. DOI: 10.1016/S0272-
7714(82)80010-3

Expate, A. A. 1974. Marine molluscs from shallow-water environments
(0 to 60 meters) of the northeast Yucatan coast. Bulletin Marine
Sciences 24: 638-668.

Espinoza-Avaros, J. 1996. Distribution of seagrasses in the Yucatan Pe-
ninsula, Mexico. Bulletin of Marine Science 59: 449-454,

Fiewn, J. G., K. R. Cuarke & R. M. Warwick. 1982. A practical strategy for
analysing multispecies distribution patterns. Marine Ecology Pro-
gress Series 8: 37-524.

Freoriksen, S., A. De Backer, C. Bostrom & H. Christie. 2010. Infauna from
Zostera marina L. meadows in Norway. Differences in vegetated
and unvegetated areas. Marine Biology Research 6: 189-200.
DO0I:10.1080/17451000903042461

Fuentes, A, S., M. E. GaLLecos & M. C. Manouano. 2014. Demography of
Caulerpa paspaloides var. wudermanni (Bryopsidales: Caulerpa-
ceae) in the coastal zone of Campeche, México. Revista de Biologia
Tropical 62: 729-741.

Garcia-Cusas, A. 1981. Moluscos de un sistema lagunar tropical del sur
del Golfo de México (laguna de Términos Campeche). Instituto de
Ciencias del Mar y Limnologia, UNAM, México.182 p.

GaupetTe, H. E., W. R. FueHT, L. Toner & D. W. Forger. 1974. An inexpen-
sive titration method for the determination of organic carbon in
recent sediments. Journal of Sedimentary Research 44: 249-253.
DO0I:10.1306/74d729d7-2b21-11d7-8648000102c1865d

Hartog, C. & J. Kuo. 2006. Taxonomy and biogeography of seagrasses.
In: Larkum, A., R. J. Orth & C. M. Duarte (eds.). Seagrasses: Bio-
logy, Ecology and Conservation. Springer. Netherlands, pp. 1-23.
DO0I:10.1007/978-1-4020-2983-7 1

Heck, Jr. K. L., G. Havs & R. J. OrtH. 2003. Critical evaluation of the nur-
sery role hypothesis for seagrass meadows. Marine Ecology Pro-
gress Series 253: 123-136. D01:10.3354/meps253123

Heck, Jr., L. Kenneth & R. J. OrH. 2006. Predation in seagrass beds. /n:
Larkum, R. K., J. Orth & M. C. Duarte (eds.). Seagrasses: Biology,
Ecology and Conservation. Springer. Netherlands, pp. 537-550.
DOI:10.1007/978-1-4020-2983-7_22

Hemminga, M. A. & C. M. Duarte. 2000. Seagrass Ecology. Cambridge Uni-
versity Press. 298 p.

Herrera-SiLvera, J. A., F. A. Comin, N. Aranpa-CireroL, L. Troccowl & L. CapuR-
ro. 2004. Coastal water quality assessment in the Yucatan Penin-

Vol. 30 No. 1 2020

1

sula: management implications. Ocean & Coastal Management 47
625-639. D0I:10.1016/j.0cecoaman.2004.12.005

KocH, M. S., S. A. ScHopmeyer, O. I. NieLsen, C. KyHn-Hansen & C. J. MADDEN.
2007. Conceptual model of seagrass die-off in Florida Bay: Links to
biogeochemical processes. Journal of Experimental Marine Biology
and Ecology 350: 73-88. DOI:10.1016/j.jembe.2007.05.031

LauriLa-Pant, M., A. Lenikonen, L. Uusitaco & R. Venestirvi. 2015. How to
value biodiversity in environmental management?. Ecological Indi-
cators 55: 1-11. DOI: 10.1016/j.ecolind.2015.02.034

LeoparDas, V., W. Uv & M. Nakaoka. 2014. Benthic macrofaunal assembla-
ges in multispecific seagrass meadows of the southern Philippi-
nes: Variation among vegetation dominated by different seagrass
species. Journal of Experimental Marine Biology and Ecology 457:
71-80.DO0I:10.1016/j.jembe.2014.04.006

Lotze, H. K., H. S. Lenman, B. J. Bouraug, R. H. Brabsury, R. G. Cooke, M.
C. Kay, S. M. Kiray, M. X. Kirsy, C. H. Peterson & J. B. C. Jackson.
2006. Depletion, degradation, and recovery potential of estuaries
and coastal seas. Science 312: 1806-1809. DOI:10.1126/scien-
ce.1128035

Lvimo, T. J., E. F. Mvunal & Y. D. Meava. 2009. Abundance and diversity of
seagrass and macrofauna in the intertidal areas with and without
seaweed farming activities in the east coast of Zanzibar. Tanzania
Journal of Science 34: 41-52.

McManus, J. 1988. Grain size determination and interpretation. Techni-
ques in sedimentology 408: 112-116.

OrtH, R. J., L. K. Heck & J. Van Montrrans. 1984. Faunal communities in
seagrass beds: A review of the influence of plant structure and prey
characteristics on predator-prey relationships. Estuaries 7: 339-
350. D0I:10.2307/1351618

Perez-Robricuez, R. 1980. Moluscos de la plataforma continental del Gol-
fo de México y Caribe Mexicano. Tesis doctoral. Facultad de Cien-
cias, Universidad Nacional Autonoma de México. CDMX, México.
339 p.

Perez, K. 0., R. L Cartson, M. J SHutman & J. C. Erus. 2009. Why are
intertidal animals rare in the subtidal? Predation, growth and the
vertical distribution of Littorina littorea (L.) in the Gulf of Maine.
Journal of Experimental Marine Biology and Ecology 369: 79-86.
DOI:10.1016/j.jembe.2008.09.019

Perry, E., A. Pavtan, B. Pepersen & G. VeLazauez-Ouman. 2009. Groundwa-
ter geochemistry of the Yucatan Peninsula, Mexico: Constraints on
stratigraphy and hydrogeology. Journal of Hydrology 367: 27-40.
DOI:10.1016/j.jhydrol.2008.12.026

Piiay, D., G. M. BrancH, C. L. Grirriths, C. Witiams & A. PrinsLoo. 2010.
Ecosystem change in a South African marine reserve (1960-2009):
role of seagrass loss and anthropogenic disturbance. Marine Ecolo-
gy Progress Series 415: 35-48. DOI: 10.3354/meps08733

RatmanachoT, E. & A. Prather. 2015. Species-specific effects of seagrass
on belowground biomass, redox potential and Pillucina vietna-
mica (Lucinidae). Journal of the Marine Biological Association
of the United Kingdom FirstView 95:1693-1704. D0I:10.1017/
$0025315415000934


http://dx.doi.org/10.1016/S0022-0981(00)00194-5
https://www.sciencedirect.com/science/article/abs/pii/S0272771482800103?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0272771482800103?via%3Dihub

12

Revnops, L. K., P. Bere & J. Zieman. 2007. Lucinid clam influence on the
biogeochemistry of the seagrass Thalassia testudinum sediments.
Estuaries and Coasts 30: 482-490. DOI:10.1007/BF02819394

ScHuTzer, R. 2016. Ocean Data View, Available online at: http://odv.awi.
de. (downloaded 2016).

SHorr, F., T. CarruTHERS, W. Dennison & M. Wavcott. 2007. Global seagrass
distribution and diversity: A bioregional model. Journal of Experi-
mental Marine Biology and Ecology 350: 3-20. DOI:10.1016/j.jem-
be.2007.06.012

SHorr, F. T, B. PoLiboro, S. R. LivingsTonE, K. E. CARPENTER, S. BANDERA, J. S.
BuJane, H. P. CaLumpong, T. J. B. CarruTHERS, R. G. CoLes, W. C. DENNISON,
P. L. A. Errremeiser, M. D. Fortes, A. S. Freeman, T. G. JagTap, A. H. M.
KawmaL, G. A. Kenbrick, W. J. Kenworthy, Y. A. La Nari, |. M. Nasution, R.
J. ORTH, A. PratHep, J. C. Sanciangco, B. van TUSSENBROEK, S. G. VERGARA,
M. Wavcott & J. C. Zieman. 2011. Extinction risk assessment of the
world’s seagrass species. Biological Conservation 144:1961-1971.
DOI:10.1016/j.biocon.2011.04.010

Sovis-Weiss, V. & S. Carrefio. 1985. Estudio prospectivo de macrofauna
béntica asociada a las praderas de Thalassia testudinum en La-
guna de Términos, Campeche, México. Annales del Instituto de
Ciencias del Mar y Limnologia, Universidad Nacional Auténoma de
México 13: 201-216.

StrickLAND, J. D. H. & T. R. Parson. 1972. A practical handbook of seawa-
ter analysis. Fisheries Research Board of Canada, Ottawa. 293 p.

TurNER, S. J., J. E. Hewrtt, M. R. WiLkinson, D. J. Mornisey, S. F. THrusH, V. J.
Cummings & G. FunneL. 1999. Seagrass patches and landscapes: The
influence of wind-wave dynamics and hierarchical arrangements

Ocampo-Alvarez H. et al.

of spatial structure on macrofaunal seagrass communities. Estua-
ries 22: 1016-1032. DOI: 10.2307/1353080

Van per Heiog, T., L. L. Govers, J. be Fouw, H. OLFr, M. van Der Geest, M. M.
van Katwigk, T. PIERsma, J. van DE KoppeL, B. R. SiLuiman, A. J. P. SmoLDERs
& J. A van Giis. 2012. AThree-stage symbiosis forms the foundation
of seagrass ecosystems. Science 336: 1432-1434. DOI:10.1126/
science.1219973

Van TussenBroek, B. 1., J. Cortés, R. CoLuin, A. C. Fonseca, P. M. H. Gavie,
H. M. Guzman, G. E. JAcome, R. Juman, K. H. Kotres, H. A. OxenrForp, A.
RopriGuez-Ramirez, J. SAMPER-VILLARREAL, S. R. SmiTh, J. J. TscHirky & E.
WeiL. 2014. Caribbean-wide, long-term study of seagrass beds re-
veals local variations, shifts in community structure and occasional
collapse. PLoS ONE 9: €98377. D0I:10.1371/journal.pone.0090600

Wavcorr, M., C. M. Duarte, T. J. B. CarrutHers, R. J. OrtH, W. C. DENnNISON,
S. Ouvarnik, A. CaLLaping, J. W. Fouraurean, K. L. Heck, A. R. HugHes, G.
A. Kenorick, W. J. Kenworthy, F. T. SHort & S. L. WiLuiams. 2009. Ac-
celerating loss of seagrasses across the globe threatens coastal
ecosystems. Proceedings of the National Academy of Sciences
106: 12377-12381. DOI:10.1073/pnas.0905620106

WNFEELD, I, E. Escosar-Briones & F. ALvarez. 2007. Clave para la identifi-
cacion de los anfipodos bentonicos del golfo de México y el sector
norte del mar Caribe. Instituto de Ciencias del Mar y Limnologia,
UNAM. 197 p.

Yamapa, K., M. Horl, Y. Tanaka, N. Hasecawa & M. Nakaoka. 2007. Tempo-
ral and spatial macrofaunal community changes along a salinity
gradient in seagrass meadows of Akkeshi-ko estuary and Akkeshi
Bay, northern Japan. Hydrobiologia 592: 345-358. D0I:10.1007/
$10750-007-0767-6

Hidrobiol6gica



