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Abstract

In Terminos Lagoon, México, more than 80 fish species use the mangrove and seagrass habitats. We
studied nekton dynamics in an inlet seagrass system and a more sheltered seagrass/mangrove system
located behind a barrier island. Seasonal community biomass ranges from 0.6 to 5.2 g wet wt m~ 2. For
the two habitats together, there are 28 dominant species. Eleven species were common to both areas:
Sphoeroides testudineus (Linnaeus, 1758), Archosargus rhomboidalis Linnaeus, 1758, A. probatocephalus
(Walbaum, 1792), Arius felis (Linnaeus, 1766), A. melanopus (Gunther, 1864), Eucinostomus gula (Cuvier
& Valenciennes, 1830), Bairdiella chrysoura (Lacépéde, 1803), Orthopristis chrysoptera (Linnaeus, 1766),
Chilomycterus schoepfi (Walbaum, 1792), Opsanus beta (Goode & Bean, 1879) and Lutjanus griseus
(Linnaeus, 1758). Ten species used exclusively the inlet seagrass system: Urolophus jamaicensis (Cuvier,
1817), Haemulon aurolineatum (Cuvier, 1829), H. bonariense (Cuvier, 1830), H. plumieri (Lacépéde, 1802),
Anisotremus virginicus (Linnaeus, 1758), Odontoscion dentex (Cuvier, 1830), Corvula sanctae-luciae (Jor-
dan, 1890), Nicholsina usta (Valenciennes, 1839), Stephanolepis hispidus (Linnaeus, 1766) and Diodon
hystrix Linnaeus, 1758. Seven species were dominant only in the seagrass/mangrove system: Anchoa
mitchilli (Cuvier & Valenciennes, 1848), Scorpaena plumieri Bloch, 1789, Cynoscion nebulosus (Cuvier &
Valenciennes, 1830), Diapterus rhombeus (Cuvier & Valenciennes, 1830), Bairdiella ronchus (Cuvier &
Valenciennes, 1830), Cichlasoma urophtalmus (Gunther, 1862) and Acanthostracion quadricornis (Linnae-
us, 1758). Comparative analysis showed that periodic variation in biomass and diversity of fish assem-
blages in seagrass and seagrass/mangrove habitats were synchronized with sizes and densities of pop-
ulation, season of the year (dry, wet, ‘nortes’), circulation pattern, and patterns of primary production
(phytoplankton, Thalassia testudinum Konig, 1805; and Rhizophora mangle Linnaeus). This analysis al-
lowed the definition of 3 life-cycle patterns with a clear nektonic ‘seasonal programming’ following the
timing of primary production in these critical habitats: (1) marine species which spawn in or near the
inlet with eggs and larvae transported into and distributed throughout the lagoon by the predominant
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currents; (2) estuarine-marine species which spawn in different habitats of the lagoon and use the
seagrass/mangrove system as a nursery area, and (3) species which complete their life history in the inlet

seagrass and/or seagrass/mangrove systems.

Introduction

The ecological value of mangrove and seagrass
habitats for refuge, reproduction, feeding, recruit-
ment, nursery and growth areas for a number of
tropical coastal fishes is well documented (e.g.,
Zieman et al., 1984; Lewis et al., 1985; Yafiez-
Arancibia, 1985; Thayer et al., 1987; Robertson
& Duke, 1987; Bell & Pollar, 1989).

Nevertheless, there is little information on the
use of seagrass habitats alone as compared with
seagrass/mangrove habitats. Fish populations
may be restricted to one specific habitat or dis-
tributed in both of them. Although fish diversity
and biomass are appreciable in all habitats, there
are clear seasonal patterns related to such factors
as river discharge, water circulation, primary pro-
duction, and other biotic and abiotic factors (e.g.,
Blaber & Blaber, 1980; Pinto, 1987; Yéfiez-
Arancibia et al., 1988). The latter two papers are
among the very few recent references presenting
evidence of coupling between estuarine nekton
and primary production of mangroves.

The purpose of this work was to assess: (1) the
synchrony of fish habitat utilization with the water
circulation pattern, season of the year, and pri-
mary productivity, and (2) the importance of the
relationship between different habitats which are
strongly coupled.

The study site

Terminos Lagoon is located in the Southern Gulf
of Mexico (18°N, 91°W). It covers ca 2500 km?
including wetlands, and has an average depth of
3.5 m. This system has a high diversity of habitats
and species. We consider two seagrass habitats
(Fig. 1): seagrass beds in Puerto Real inlet with-
out adjacent mangroves (S), and seagrass beds
adjacent to mangrove swamps (S—M) behind Isla
del Carmen, the barrier island separating Termi-

nos Lagoon from the Gulf of Mexico. S is a clear-
water, marine habitat with a strong tidal current
and a net flow from the Gulf to the lagoon, sandy
sediments, a salinity range from 30 (December) to
37%, (June), a temperature range from 24 (De-
cember) to 31 °C (June). The dominant plants
are Thalassia testudinum. The S—M is a more tur-
bid, marine-estuarine habitat with moderate tidal
currents, mixed sandy-clay-silt sediments, a sa-
linity range from 15 (November) to 36%, (May),
and a temperature range from 22 (February) to
30 °C (September). The dominant plant commu-
nities are intermingled Rhizophora mangle fringing
mangrove swamps and 7. testudinum beds. Based
on precipitation, river discharge, winds, and tem-
perature, three seasons have been identified. The
dry season from February to May, a tropical rainy
season with thunder-showers from June to Oc-
tober, and the ‘nortes’ season with periodic rains
and strong winds associated with frontal passages
from October to February (Yafiez-Arancibia &
Day 1982, 1988).

Material and methods
Fish collection and data base

Fish were collected with a 5 m shrimp otter trawl
(mouth opening while fishing was 2.5 m, 19 mm
mesh) with tows of 10 to 12 min at 2 to 2.5 knots;
individual trawls covered an area of 1500 to 2000
m?. Depths sampled varied but never exceeded
3.0 m. Ninety trawl tows were made in bimonthly
collections from February 1981 to January 1982
in the S—M zone (seagrass meadows and adja-
cent to mangrove borders). During each sampling
period, tows were made every two hours over a
24-h period. In the S zone a total of 168 trawl
tows were made over 24-h periods in bimonthly
collections from August 1980 to July 1981. Spec-
imens were fixed in neutralized 109, formalin.
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Fig. 1. Terminos lagoon. The locations of the experiments are shown: the seagrass system in Puerto Real Inlet (S or T), and the
seagrass/mangrove system (S—M or R-T) in Estero Pargo Inlet. The net waterflow is in the S to S—M pathway.

In the laboratory, fish were identified, counted, index of each species was calculated as the aver-
weighed and measured. The information function age catch per month divided by the highest
(H’) of Shannon & Weaver (1963) was calcu- monthly average catch of the species multiplied
lated. The Wilhm (1968) function (H' w) was used by 100. Thus the highest monthly catch for each
to evaluate weight heterogeneity by species. All species had an index of 100. Dominant fish pop-
calculations of indices were based on use of nat- ulations were defined on the basis of frequency
ural logs. The abundance of fish was calculated (percentage of occurrence), broad distribution,
by biomass (wet weight per area g m?). An index weight and numerical abundance (Yafiez-Aran-

of seasonal abundance (Roger & Herke, 1985; cibia et al., 1985, 1988). For additional method-
Yanez-Arancibia et al., 1988) was used to follow ological analysis see Claridge er al. (1986).
changes in dominant fish species. The monthly
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Primary production data

Aquatic primary productivity data were obtained
from Day et al. (1982, 1988a). Seagrass produc-
tivity data were obtained from Day et al. (1982),
Moore & Wetzel (1988), and Soberon-Chavez
et al. (1988). Mangrove productivity data were
obtained from Day et al. (1982, 1987, 1988b). See
Table 1. Specific methodologies are indicated in
those papers.

Habitat characteristics

Temperature, salinity, dissolved oxygen, depth
and transparency with a Secchi disk were mea-
sured during each field trip. Observations of the
submerged and surrounding vegetation, benthic
macrofauna, tide, currents and climatic condi-
tions were made.

Results

In the S-M system the total catch of fish was
14200 individuals belonging to 77 species, while
in S system the catch was 7700 individuals from
83 species. The seasonality of the ecological pa-
rameters of diversity, species composition, and
biomass of the fish community at the two sites

Table 1. Annual aquatic primary productivity (APP;
gC m?yr~ 1) and litterfall values (g m? yr~!) in seagrass and
seagrass mangrove systems.

Location Date Reference

Terminos Lagoon APP 219 Day et al., 1982

Terminos Lagoon

Central grassbed APP 240 Day er al., 1988a
Grassbed edge APP 222 Day et al., 1988a
Central lagoon APP 197 Day et al., 1988a

Estero Pargo

APP 333 Day et al., 1988a

Primary production of
mangrove species

Litterfall, leaves 594 Day et al., 1982
Litterfall, flowers & fruit 192 Day et al., 1982
Litterfall, wood 48 Day et al., 1982

Puerto Real
Thalassia

Number of Species
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Fig. 2. Number of fish species in seagrass system (Thalassia)
and seagrass/mangrove system (Rhizophora| Thalassia) in each
month.

was related to the environmental characteristics
of each study site. Only 509, of the fish species
captured were common to both sites i.e., Haren-
gula jaguana Goode & Bean, 1879, Anchoa hep-
setus (Linnaeus, 1758), Cetengraulis edentulus
(Cuvier, 1829), Synodus foetens (Linnacus, 1766),
Hippocampus hudsonius (De Kay, 1824), Prionotus
carolinus (Linnaeus, 1766), P. scitulus Jordan &
Gilbert, 1882, Chloroscombrus chrysurus (Linnae-
us, 1766), Selene vomer (Linnaeus, 1758), Lutja-
nus synagris (Linnaeus, 1758), Eucinostomus ar-
genteus (Bleeker, 1863), Pareques acuminatus
(Bloch & Schneider, 1801), Chaetodipterus faber
(Brussonet, 1782), Chaetodon ocellatus Bloch &



Table 2. Ecological parameters of fish community in seagrass (S) system (Puerto Real Inlet, Terminos Lagoon).

Months No. of No. of Weight H'n H'w D J’ Biomass Density Popu. size
species indiv. (g) gm™2 ind. m~? gind~!
Feb 10 45 2034.6 1.73 1.68 243 0.77 0.7 0.02 51
Apr 12 44 5471.6 2.07 1.55 3.04 0.86 1.91 0.02 111
Jun 12 78 4160.4 1.75 1.84 2.65 0.72 1.39 0.03 44
Jul 16 119 4362.7 1.93 1.86 3.12 0.72 1.75 0.05 35
Aug 16 141 5035.1 1.91 1.88 3.21 0.72 1.72 0.05 38
Oct 22 167 9012.2 2.32 1.92 4.13 0.73 3 0.06 53
Dec 15 83 4987.5 2.13 2 3.25 0.8 1.71 0.03 62
Naturgesch, 1787, Citharichthys  spilopterus and at S—M during the dry season (Table 2, Figs 3

Gunther, 1862, Etropus crossotus Jordan & Gil-
bert, 1882, Aluterus schoepfi (Linnaeus, 1766),
Sphoeroides greeleyi (Gilbert, 1900), S. spengleri
(Bloch, 1782). This low similarity is because the
fish community at the inlet seagrass site was com-
posed mainly of marine species, while that at the
seagrass/mangrove area was drawn from several
ecological subsystems of Terminos Lagoon. Thus
the species composition at the S—M site is more
heterogeneous given the co-existence of freshwa-
ter, estuarine and marine species.

There were distinct seasonal patterns for the
ecological parameters as depicted in Figs 2
through 5. The number of species (Fig. 2) was
higher for S from July through December, with a
peak of 22 species in October (Table 2). For S—M,
the number of species was relatively constant over
the year with the exception of a single peak (19
species) in February (Table 3).

Biomass and density of fishes were generally
higher at S during the wet and ‘nortes’ seasons

and 4). In general, however, the density was much
higher at S—M. The average weight of individual
fish was higher at S reflecting the predominance
of juvenile and preadult fish at S—M (Fig. 5). With
the exception of a peak in February, there was
little seasonality in individual weight for S. For
S—M, individual weights were somewhat higher
from January through March.

The dominant or typical species of each com-
munity were identified on the basis of abundance,
biomass and high frequency (Tables 4 and 5). At
system S, there were 21 dominant species and at
S—M there were 18 dominant species. Only 399
of the dominant species occurred in both sites.
This low similarity is related to species composi-
tion. At S 489 were marine species, 36%,
marine-estuarine, and 16%, estuarine, while at the
S—M station 69, were freshwater species, 22%,
estuarine, 66%, marine-estuarine and only 6%,
marine.

Figure 6A and B gives the index of seasonal

Table 3. Ecological parameters of fish community in seagrass/mangroves (S—M) system (Estero Pargo Inlet, Terminos Lagoon).

Months No. of No. of Weight H'n H'w D J’ Biomass Density Popu. size
species indiv. ® gm™?2 ind. m ™2 gind !
Jan 11 74 1803.5 1.69 1.48 2.51 0.72 0.9 0.04 32
Feb 19 187 8141.3 222 1.95 3.53 0.77 4.07 0.09 50
Mar 12 87 1934.3 1.78 1.59 2.55 0.73 0.96 0.04 21
May 15 393 4191.6 1.43 1.84 2.4 0.54 2.09 0.19 11
Jul 14 269 3465.2 1.63 1.9 2.34 0.62 1.73 0.13 12
Sep 14 101 2770.2 1.84 1.8 2.83 0.69 1.39 0.05 26
Nov 10 121 865.9 1.01 14 1.78 0.47 0.43 0.06 6
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Fig. 3. Fish biomass in seagrass system (Thalassia) and
seagrass/mangrove system (Rhizophora/Thalassia) in each
month.

abundance for seven dominant species common
at both sites. S shows a clear tendency of high
abundance during the rainy and ‘nortes’ seasons
(June to December, Fig. 6A), while in S-M the
highest species abundance occurred late in the
‘nortes’ season and during the dry season (De-
cember to March, Fig. 6B). Non-dominant spe-
cies also showed the same usage tendency of the
two systems.

Discussion

Seagrass and mangrove habitats in tropical and
subtropical areas in the middle western Atlantic
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Fig. 4. Average size in weight of fish in seagrass system
(Thalassia) and seagrass/mangrove system (Rhizophora/
Thalassia) in each month.

are used by many species of nekton and are gen-
erally characterized by high fish abundance and
diversity. The literature on these two topics is
broad and the reader is referred to Yafiez-
Arancibia & Lara-Dominguez (1983). Living-
stone (1984), and Weinstein (1985).

Overall patterns of biomass, density, number
of species and size presented for the fish commu-
nity in the results section are a function of the
patterns of behavior of individual species. When
specific species are considered, it is apparent that
the use of different habitats has a strong seasonal
programming.

It is clear that the utilization of the two habi-
tats by fishes is different. Fishes in seagrass beds
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Fig. 5. Density of fish in seagrass system (Thalassia) and
seagrass/mangrove system (Rhizophora/Thalassia) in each
month.

in Puerto Real inlet were larger and fewer in num-
ber while those captured in the seagrass/
mangrove system behind Carmen Island were
smaller and more abundant. This reflects the pre-
dominance of juvenile and preadult fishes in the
S—M area compared to mainly adult fishes at the
S system. This pattern is also evident when the
index of seasonal abundance of individual dom-
inant species is considered (Fig. 6). The domi-
nant species were found more often in the inlet
during the end of wet season and all of the ‘nortes’
season and in the seagrass/mangrove area at the
end of the nortes and during the dry season. This
means that larger fish use the seagrass beds in the

7

inlet mainly as an area of transit. The movement
into and through the inlet during the ‘nortes’ sea-
son is facilitated by the strong net inflow, espe-
cially during the frontal passages. The seagrass/
mangrove system behind Carmen Island is used
mainly as a nursery. The combination of calm
water, high organic matter content, mangrove and
seagrass habitat, and high densities of inverte-
brates makes this a rich nursery area (Yailez-
Arancibia et al., 1990).

Such patterns of the use of estuarine habitats
by migratory nekton species has been shown for
a wide variety of coastal systems (Boehlert &
Mundy, 1988; Shaw et al., 1988). For Terminos
Lagoon Chavance etal., (1986), and Yafez-
Arancibia & Lara-Dominguez (1988) have doc-
umented life history patterns. As indicated be-
fore, there are a number of advantages of using
estuarine habitats including protection, calm wa-
ters, abundant food resources, and a diversity of
habitats. Our results indicate that adult fish enter
the lagoon through Puerto Real inlet in the fall
during the wet and ‘nortes’ seasons. These fish
often spawn nearshore in the vicinity of the inlets
or in the inlet itself. This ensures that eggs and
larvae are swept into the lagoon and distributed
widely by prevailing currents. Therefore, there are
at least three main patterns of use of the sea-
grasses in Puerto Real inlet and the sea-
grass-mangroves areas behind Carmen Island:
(1) There are marine species which spawn in or
near the inlet and the eggs and larvae are trans-
ported into and distributed throughout the
lagoon by the predominant currents. Two impor-
tant species which follow this pattern are Archo-
sargus rhomboidalis and Orthopristis chrysoptera.
(2) There are estuarine-marine species which
spawn in different habitats of the lagoon and use
the seagrass/mangrove system as a nursery area,
e.g. Bairdiella chrysoura, Arius melanopus, Arius
felis. (3) Finally, there are species which complete
their life history in the inlet seagrass and seagrass/
mangrove systems, e.g. Urolophus jamaicensis,
Opsanus beta.

It seems clear that life history patterns have
evolved to ensure the distribution, migration, bio-
mass, and habitat use. But which factors have
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Fig. 6. Temporal variation in abundance of dominant fish
population assemblages, as measured by trawl catch. In A)
the seagrass system (S) and B) the seagrass/mangrove system
(S-M) show Ob = Opsanus beta, Oc = Orthopristis chrysoptera,
Bc = Bairdiella  chrysoura, Cs=Corvula sanctae-luciae,
Ar = Archosargus rhomboidalis, Ap = Archosargus probatoceph-
alus, Am = Arius melanopus, Af = Arius felis.

influenced the evolution of these patterns? We
have found that there is a strong correlation be-
tween the life history patterns of migratory fish
and the patterns of primary production (see Ta-
ble 1, Fig. 7). In general fish tend to use habitats
during periods of high primary production. We
will illustrate this pattern with the fish species
which use inlet seagrass meadows and the
seagrass/mangrove systems behind Carmen Is-
land. The index of seasonal abundance shows
that the period of greatest use of the inlet area is
during the rainy season, June to October (Fig. 7c).
The fish which occur there are mainly adults,
many of which spawn in or near the inlet and the
eggs and larvae are swept into the lagoon. These
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Fig. 7. A) Temporal variation of plant biomass in the sea-
grass and the seagrass/mangrove systems. B) Temporal vari-
ation of net aquatic primary productivity in Terminos Lagoon.
C) Monthly index of fish abundance in the seagrass (S) and
seagrass/mangrove (S—M) systems.

eggs and larvae arrive at a time when there is a
high availability of organic matter in the central
lagoon (Day et al., 1988a). This is due to high
levels of phytoplankton productivity at that time
as well as to high riverine input (Day et al., 1982,
1988a; Soberén-Chavez & Yailez-Arancibia,
1985; Deegan et al., 1986). Thus it is likely that
the young fish feed directly and indirectly on these
sources of organic matter in the open waters of
the lagoon.

With the end of the rainy season, river flow
diminishes thus reducing riverine input of organic
matter and nutrients. Aquatic primary productiv-
ity in the central lagoon is lowest during the dry
season probably because of low nutrient input
from the river (Day et al., 1988a). In contrast to
the open lagoon waters, tidal creeks and shallow
waters associated with seagrass beds and man-
groves have the highest levels of aquatic primary



productivity during the dry season (7b, S—M sys-
tem). Studies have shown that this high level of
production is at least partially the result of stim-
ulation of primary production by water draining
from mangroves (Day et al., 1987, 1988b). In ad-
dition, the productivity of seagrasses is highest
during the dry season as a result of higher water
clarity (Fig. 7a, Day, et al., 1982; Moore & Wet-
zel, 1988).

During the dry season, the density and biom-
ass of fishes is highest in the seagrass/mangrove
area (Fig. 7c). The great majority of these fishes
are small juveniles and preaduits. Thus these or-
ganisms use the seagrass/mangrove areas during
the period of highest primary production and dur-
ing the most rapid growth period of the life cycle.

In summary, we have shown that for nekton
species using seagrass and mangrove habitats in
Terminos Lagoon, the pattern of migration seems
to be strongly coupled to patterns of primary pro-
duction in the lagoon. The idea of migratory nek-
ton species using coastal habitats because of the
high productivity is a generally accepted tenant of
estuarine ecology, see paper in Yafiez-Arancibia
(1985), Yanez-Arancibia et al. (1988, 1990), Day
et al. (1989), and Pinto (1988). However, this is
one of the first times that we are aware of where
this behavior has been specifically shown both for
an entire community (in terms of such parameters
on total biomass and density, and diversity) as
well as for individual species in the community
(as revealed by the index of seasonal abundance).
One of the reasons that these patterns are evident
have is that they are easier to observe in a trop-
ical system. In temperate systems, seasonal pat-
terns of migration and productivity are strongly
controlled by the strong seasonality of tempera-
ture and light. In this tropical system where light
and temperature are more constant, the adjust-
ment of ecological interaction and processes to
more uniquely estuarine forcing functions (e.g.,
riverflow, prevailing currents, nutrient concentra-
tions) is more evident.

From a standpoint of natural selection, it is not
surprising that such patterns would evolve. Lar-
val, juvenile and preadults find using habitats
during periods of high primary productivity have
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higher growth rates. These young give rise to
adults which are more successful. The annual
patterns of high productivity would continue to
reinforce the utilization of habitats during periods
of high primary productivity.

References

Bell, J. D. & D. A. Pollar, 1989. Ecology of fish assemblages
and fisheries associated with seagrass. Biology of Sea-
grasses: A Teatrise on the Biology of Seagrasses with Spe-
cial Reference to the Australian Region, A. W. D. Larkum,
A.J.McCom & S. A. Shepherd (eds), Elsevier Science
Publishing Co. Inc. Amsterdam, 841 pp.

Blaber, S.J. M. & T. G. Blaber, 1980. Factors affecting the
distribution of juvenile estuarine and inshore fish. J. Fish
Biol. 17: 143-162.

Bochlert, G. W. & B. C. Mundy, 1988. The role of behavioral
and physical factors in larval and juvenile fish recruitment
to estuarine nursery areas. Larval Fish and Shelfish Trans-
port through Inlets, M. P. Weinstein (ed.), American Fish-
ery Society Symposium 3, Bethesda, Maryland: 51-67.

Chavance, P., A. Yéafez-Arancibia, D. Flores Hernandez,
A. L. Lara-Dominguez & F. Amezcua Linares, 1986. Ecol-
ogy, biology and population dynamics of Archosargus rhom-
boidalis (Pisces: Sparidae) in a tropical coastal lagoon,
Southern Gulf of Mexico. An. Inst. Cienc. del Mar y Lim-
nol. Univ. Nal. Autén. México 13; 11-30.

Claridge, P. N, I. C. Potter & M. W. Hardisty, 1986. Sea-
sonal changes in movement, abundance, size composition
and diversity of fish fauna of the Severn Estuary. J. mar.
Biol. Ass. U.K. 66: 226-276.

Day,Jr,J. W, R. H. Day, M. T. Barreiro, F. Ley-Lou & C. J-
. Madden, 1982. Primary production in the Laguna de Ter-
minos, a tropical estuary in the Southern Gulf of Mexico.
Coastal Lagoons. P. Lasserre & H. Postma (eds). Ocean-
ologica Acta Vol. Spec. 5: 462 pp.

Day, Jr, J. W., W. H. Conner, R. H. Day & A. Machado,
1987. The productivity and composition of mangrove for-
est, Laguna de Terminos, Mexico. Aquat. Bot. 27: 267—
284.

Day, Jr, J. W., C.J. Madden, F. Ley-Lou, R. L. Wetzel & A.
Machado, 1988a. Aquatic productivity in Terminos La-
goon. Ecologia de los Ecosistemas Costeros en el Sur del
Golfo de México: La Region de la Laguna de Términos. A.
Yafiez-Arancibia & J. W. Day Jr (eds), Inst. Cienc. del Mar
y Limnol. UNAM, Coast. Ecol. Inst. LSU, Editorial Uni-
versitaria, México D. F., 518 pp.

Day, Jr, J.W., W.H. Conner, R. H. Day, F.Ley-Lou &
A. Machado, 1988b. Productivity and composition of man-
groves forests at Boca Chica and Estero Pargo. Ecologia de
los Ecosistemas Costeros en el Sur del Golfo de México:
La Regi6n de la Laguna de Términos. A. Yafiez-Arancibia
& J.W.DayJr (eds), Inst. Cienc. del Mar y Limnol.
UNAM, Coast. Ecol. Inst. LSU, Editorial Universitaria,
Meéxico D. F., 518 pp.

Day, Jr, J. W, C. A. S. Hall, W. M. Kemp & A. Yifiez-
Arancibia (eds), 1989. Estuarine Ecology, Academic Press,
USA, 558 pp.



12

Deegan, L. A., J. W.Day,Jr, J. G. Gosselink, A. Yafez-
Arancibia, G. Sober6n-Chavez & P. Sanchez-Gil, 1986.
Relationships among physical characteristics, vegetation
distribution, and fisheries yield in Gulf of Mexico estuaries.
Estuarine Variability, D. A. Wolfe (ed.). Academic Press
Inc., New York, 510 pp.

Kjelson, M. A. & G. N. Johnson, 1978. Catch efficiency of a
6.1 meter otter trawl for estuarine fish populations. Trans.
am. Fish. Soc. 107: 246-254.

Lewis III, R. R., R. G. Glemore Jr, D. W. Crewz & W. E. O-
dum, 1985. Mangrove habitat and fishery resources of Flor-
ida. Florida Aquatic Habitat and Fishery Resources.
W. Seaman Jr (ed.), American Fisheries Society Kissim-
mee Fla.

Livingstone, R., 1984. Trophic response of fish to habitat
variability in coastal seagrass systems. Ecology 65: 1258—
1275.

Moore, K. A. & R. L. Wetzel, 1988. The distribution and pro-
ductivity of seagrass in the Terminos Lagoon. Ecologia de
los Ecosistemas Costeros en el Sur del Golfo de México:
La Regiéon de la Laguna de Términos. A. Yafiez-Arancibia
& J. W.DayJr (eds). Inst. Cienc. del Mar y Limnol.
UNAM, Coast. Ecol. Inst. LSU, Editorial Universitaria,
Meéxico D. F., 518 pp.

Pinto, L., 1987. Environmental factors influencing the occur-
rence of juvenile fish in the mangroves of Pagbilao, Philip-
pines. Hydrobiologia 150: 283-301.

Pinto, L., 1988. Population dynamics and community struc-
ture of fish in the mangroves of Pagbilao, Philippines. J.
Fish Biol. 33 (Suppl. A): 35-44.

Robertson, A. I. & N. C. Duke, 1987. Mangroves as nursery
sites: Comparisons of the abundance and species compo-
sition of fish and crustacean in mangroves and other near
shore habitats in tropical Australia. Mar. Biol. 96: 193-205.

Roger, B. D. & W. H. Herke, 1985. Estuarine-dependent fish
and crustacean movements and weir management. Fourth
Coastal Marsh and Estuary Management Symposium,
C. F. Beyan, P.J. Zurank & R. H. Chabreck (eds), Baton
Rouge LA Louisiana State University Press, 201-219.

Shannon, C. E. & W. Weaver, 1963. The Mathematical The-
ory of Communication. Urbana: University of Illinois Press.

Shaw, R.F., B.D. Rogers, J. H. Cowan & W. H. Herke,
1988. Ocean-estuary coupling of ichtyoplankton and nek-
ton in the northern Gulf of Mexico. Larval Fish and Shelfish
Transport through Inlets, M. P. Weinstein (ed.), American
Fishery Society Symposium 3. Bethesda, Maryland: 77—
89.

Soberéon-Chavez, G. & A. Yafiez-Arancibia, 1985. Control
ecologico de los peces demersales: Variabilidad ambiental
de la zona costera y su influencia en la produccion natural
de los recursos pesqueros. Recursos Pesqueros Potenciales
de México: La Pesca Acompafiante del Camardn, A.
Yafiez-Arancibia (ed.), Progr. Univ. de Alimentos, Inst.
Cienc. del Mar y Limnol., Inst. Nal. Pesca. UNAM, Méx-
ico D. F., 748 pp.

Soberdn-Chavez, G., A. Yaflez-Arancibia & J. W. Day, JIr,
1988. Fundamentos para un modelo ecoldgico preliminar
de la Laguna de Términos. Ecologia de los Ecosistemas
Costeros en el Sur del Golfo de México: La Region de la
Laguna de Términos. A. Yafiez-Arancibia & J. W. Day Ir

(eds), Inst. Cienc. del Mar y Limnol. UNAM, Coast. Ecol.
Inst. LSU, Editorial Universitaria, México D. F., 518 pp.

Thayer, G. W., D. R. Colby & W.F. Hettler Jr, 1987. Utili-
zation of the red mangrove prop root habitat by fishes in
South Florida. Mar. Ecol Progr. Ser. 35: 25~38.

Weinstein, 1985. Distributional ecology of fishes inhabiting
warm-temperate and tropical estuaries: community rela-
tionships and implications. Fish Community Ecology in
Estuaries and Coastal Lagoons: Towards an Ecosystem
Integration. Yaflez-Arancibia, A. (ed.), Editorial Universi-
taria, UNAM-PUAL-ICML, México D. F. 654 pp.

Wilhm, J. L., 1968. Use of biomass units in Shannon’s for-
mula. Ecology 49: 153-156. )

Yarfiez-Arancibia, A. (ed.), 1985. Fish community ecology in
estuaries and coastal lagoons: Towards an ecosystem in-
tegration. UNAM Press México D.F., 654 pp.

Yafiez-Arancibia, A. & J. W. Day, Jr, 1982. Ecological char-
acterization of Terminos Lagoon a tropical lagoon-estuarine
system in the Southern Gulf of Mexico. Coastal Lagoons,
P. Lasserre & H. Postma (eds), Oceanologica Acta Vol.
Spec. 5: 462 pp.

Yafiez-Arancibia, A. & J. W. Day, Jr (eds), 1988. Ecologia de
los Ecosistemas Costeros en el Sur del Golfo de México:
La Region de la Laguna de Términos. Inst. Cienc. del Mar
y Limnol. UNAM, Coast. Ecol. Inst. LSU, Editorial Uni-
versitaria México, D. F., 518 pp.

Yafiez-Arancibia, A. & A. L. Lara-Dominguez, 1983. Di-
namica ambiental de la Boca de Estero Pargo y estructura
de sus comunidades de peces en cambios estacionales y
ciclos de 24-hrs (Laguna de Términos, sur del Golfo de
México). An. Inst. Cienc. del Mar y Limnol. Univ. Nal.
Autén. México, 10: 85-116.

Yafiez-Arancibia, A. & A. L. Lara-Dominguez, 1988. Ecol-
ogy of three sea catfishes (Ariidae) in a tropical coastal
ecosystem-southern Gulf of Mexico. Mar. Ecol. Progr. Ser.
49: 215-230.

Yafiez-Arancibia, A., A.L.Lara-Dominguez, A. Aguirre-
Ledn, S. Diaz-Ruiz, F. Amezcua Linares, D. Flores Her-
nandez & P. Chavance, 1985. Ecology of dominant fish
population in tropical estuaries: Environmental factors reg-
ulation biological strategies and production. Fish Commu-
nity Ecology in Estuaries and Coastal Lagoons: Towards
an Ecosystem Integration, Yafiez-Arancibia, A. (ed.), Ed-
itorial Universitaria, UNAM-PUAL-ICML, México D. F.,
654 pp.

Yafiez-Arancibia, A., A. L. Lara-Dominguez, J. L. Rojas Ga-
laviz, P. Sanchez-Gil, J. W. Day, Jr & C. J. Madden, 1988.
Seasonal biomass and diversity of estuarine fishes coupled
with tropical habitat heterogeneity (Southern Gulf of Mex-
ico). J. Fish Biol. 33 (Suppl. A): 191-200.

YAafiez-Arancibia, A., P. Sanchez-Gil & A. L. Lara-Domingu-
ez, 1991. Interacciones ecoldgicas estuario-mar: estructura
funcional de bocas estuarinas y su efecto en la productiv-
idad del ecosistema. Academia de Ciencias Sao Paulo.
Publ. ACIESP, 73: 1-35.

Zieman, J. C., S. A. Macko & A. L. Mills, 1984. Role sea-
grasses and mangroves in estuarine food webs: Temporal
and spatial changes in stable isotope composition and
amino acid content during decomposition. Bull. mar Sci.
35: 380-392.



