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AbstraCI: The Golfo de NiC(lya is among the largest tropical estuaries (15301;m' ) in Central America and the main. and al
ready overexploited. fishing ilR:a of Costa Rica. It can be separated into ashallow « 25m) interior part liinged by mangroves 
and mud flalS and 11 deeper part that e",teods to the shelf edge to about 200m. In order to imegrnte available information on 
biomass. catches. food spectrum and dynamics of the main sr~ies populations of the system. a troph ie model of21 com
piUlments was eonstructed by the use of tile ECOPATH J1 software . The larger portion of system biomass ~ wnfined to the 
bcmhic domain (1 8.4 gm"'. mangroves e.~cluded, compared to 1)8 gm-' for the pelagic domain). M1II1L"";"Ovcs, although only 
covering 1% of tile gulf~a. contribute 76% to the system biomass, but only about 10/. to !he system's primary production. 
"IlIrough their roOl system. the)· provide surface area for about 90% of the gulfs biomass of epifauna {12 gm~, the second 
largest group ofthc mode1.lt serves as food source for commercially important species and also fuels the system by the pro
dl>clion of large amounts of pelagic larva:: and fa::caJ material. Based on these findings, it is anphas~ !hat mangro\'cs, 
even if they cover only small areas of an estuarine system. have a fundamental role in biomass distribution iWld flow pattern. 
and must be considered wilen constructing a trophic model of the system. Most of !he system's energy Ihroughput is 
achieved from !he trophic levels I to II (62"/0) and II to III (34%) as expected for coastal phytoplanktorVdc1ritus based sys
tems. TOOIl catch amounts to 3.38 gm.l. which is considered intennediate for tropical CO<NaI syslCmS. A high gross effi
ciency of the fishery- (catch! primary prodllClion) of 0.3% COIlfinns the known high level of rlSheries exploitation in the 
Golfo de Nicoya As shown by the model, shrimps occupy a central role within the gulf lIS conve:rtas of detritus and other 
tOad into ~ biomass for many preda!ors, that seem to be simUltaneously affected by !he ove\'e:'tploilltlion of this resource: . 
The nelWOl"k: summary swiSlics computed for the model suggest an overall picture of!he Golfo de Nicoya lIS a system ora 
low degree ofmaluri!y, which seems to be characteristic for tidally driven. tropical estuarine systems. The =Its are com
pared and discussed ... ith other published trophic models of coastal systems. Among these, is Golfo Duloe, a funher Costar
riean gu!fsystem about 200km south of the Golfo de Nicoya. 

Kry>mn1s: Biomass budget, ecosystem structure, estuary, tropical, Costa Rica. 

The Golfo de Nicoya (Fig. 1) is located on the 
Pacific coast of Costa Rica (10"N, 85°W) and 
represents one of the largest estuaries (1530km2 

surface area) of Central America. It extends 
about 80 kIn from its narrowest part at the mouth 
of the Tempisque river to its widest part (about 
55km) where it borders with the open ocean 
(Epifanio et 01. 1983). For its bathymetry, the gulf 
can be separated into two distinct zones: the up
per gulf, north ofPuntarenas, which is shallow « 
25m) and fringed by mangrove stands (about 
15176 ha, Jimenez 1994) and mud flats. In this 

area, the soft sea bottom is made of fine , organi
cally enriched sediments (Maurer & Vargas 
1984; Vargas er al.1984). The lower gulf deepens 
sharply towards the mouth to over 200m, and is 
surrounded by rocky shores and sandy beaches. 
The gulf is similar to other tropical estuaries as it 
is subjected to extreme seasonal variations in 
riverine flow paralleled by strong variations in 
salinity and water temperature, but it differs from 
most temperate counterparts in that much of the 
nitrogen entering the system comes from off
shore deep water, which is upwelled into the gulf 
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Aquatic ecosystems of Costa Rica " 
(Voorhisetal. 1983). 

Due to its high productivity, the gulf is the 
most important fishing ground of Costa Rica, and 
contributes 90%. of the national fish landings. 
Species of the ' families sciaenid, ariid and centro
pomid are most important for the fishery inside 
the gulf, while white shrimps. sardines and lut
janids dominate the central and lower parts. The 
landings have declined over the past years, while 
fishing effort has drastically increased. In 1988, 
fishery costs exceeded the economic revenues 
from the fishery for the first time (WRI 1991). In 
1995, of a total catch of 3215t in the Golfo de 
Nicoya region, 63% was provided by artisanal 
fishermen, which mostly catch finfish in the inner 
highly productive part of the gulf (about 9()01c.), 
the remaining 37% were taken by the industrial 
fishery. ·About half of it was white shrimp 
(Penaeus vannamel), which seems to be the re
source most heavily overlished in the region. 
Coastal zone development, particularly agricul
ture and tourism have also increased and im
pacted the gulf in recent years (Vargas 1995). 

As early as 1979, the University of Costa Rica 
established a research programme to carry out a 
long-tenn multidisciplinary evaluation of the 
gu lf. A milestone for the description and further 
understanding of the gulfs ecosystem was the 
oceanographical and biological ' surveys of the 
U.S.A. RV Skimmer in 1979-1981 , which 
yielded first quantitative data on the biotic struc
ture as well as on oceanographical conditions of 
the gulf. Since then, numerous research projects 
have been conducted and over 100 scientific 
papers have been written on a great variety of 
topics (including estuarine flow studies, nutrient 
dynamics. fish diversity and population dynam
ics, artificial reefs, zoo- and ichthyoplankton 
taxonomy and -dynamics, crab larval distribution 
patterns, mangrove ecology, subtidal and inter
tidal benthos, contamination, among others), 
making the Golfo de Nicoya one of the best 
studied tropical estuaries. In 1993/1994, - fifteen 
years after the Skimmer survey-, a further expe
dition to the gulf was conducted by the German 
RV Victor Hensen, which synoptically sampled 
data on oceanographical conditions, plankton 
dynamics, structure of bentho-demersal fish and 
invertebrate assemblages as well as infauna 
communities along a depth gradient from shallow 
waters (20 m) near the mangrove edge to the 
adjacent and deeper fishing grounds up to the 
shelf edge (>200 m). This survey, due to its wide 

coverage of the total gulf area, yielded important 
additional quantitative data for the entire gulf 
area (Vargas & Wolff 1996). 

While detailed knowledge is now available for 
most system compartments, no attempts have as 
yet been made to integrate the available infonna
tion into a holistic ecological model about the 
main functional system compartments and 
trophic flows between them. With the present 
contribution we attempt to provide this holistic 
view by the construction of a first trophic model 
of the gulf. We tty to answer the following ques
tions: (1) How is biomass distributed among the 
various ecosystem components and what are the 
major pathways of energy flow? (2) How, in 
particular, is biomass distributed between pelagic 
and benthic predators, and what are their prey 
items and consumption rates? (3) What is the 
productivL.,V potential of - and food availability 
for - the pelagic .,d benthic resources of the gulf, 
considering the nt . -·f coastal conservation and 
fisheries managemen" :. (4) What is the role of the 
small mangrove cover (I % of system area) for 
the biomass distribution and energy flow within 
the system? (5) How do the biomass flows in the 
gulf differ from the open shelf and other gulf 
systems in the tropics? (6) What are the major 
ecosystem components on which further study 
should be concentrated? 

For modelling the gulf's ecosystem, we used 
the ECOPATH 11 software of Christensen & 
Pauly (1992), that had also been applied before 
(Wolff et al. 1996) to another Costarrican gulf 
system, Golfo Dulce, about 200km south of the 
Golfo de Nicoya. We believed that the compari
son of these two neighbouring gulf systems, as 
modelled by the same approach, would deepen 
our insight into the specific characteristics of both 
systems. 

ECOPATH 11 represents a steady Slate model
ling approach, in which biomass production of -
and imports to - the system compartments is bal
anced by consumption and exports. It combines 
an approach of Polovina (1984) for estimation of 
biomass and food consumption of the various 
ecosystem elements (species or species groups) 
with an approach proposed by llianowicz (1986) 
for analysis of flows between the ecosystem ele
ments and for the calculation of ecosystem indi
ces. Based on these, the size of the system is 
measured in terms of the sum of flows through 
all the individual compartments and the degree of 
a system's realized growth, organization and de-
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velopment is described (Ulanowicz & Mann 
1981, Baird & Ulanowicz 1993, see Christensen 
& Pauly 1993 for a review). These indices are 
being used to compare a wide variety of ecosys
tems of different sizes, geographical location and 
complexity (Baird et al. 1991, Ulanowicz & 
Wulff 1991, Christensen & Pauly 1993), and will 
be included in our analysis of the Golfo de Ni
coya model. 

MATERIALS AND METHODS 

The Golfo de Nicoya environment: The Golfo 
de Nicoya is a tectonic estuary, hydrodynami
cally driven by semidiumal tides with a mean 
range of2.5-3.0 m. A dry season from December 
to April and a rainy season from May to Novem
ber exert a significant impact on its water char
acteristics. During the rainy season most fresh 
water enters the gulf through the rivers 
Tempisque, Barranca and nrcoles with the high
est volumes provided by the latter (about 60%), 
which drains the central valley (Fig.\). The inner 
part of the gulf is estuarine and stratified, espe
cially during the rainy season, when it receives 
the run-off from 1500 mm rainfall between May 
and November (Herrera 1985, Jimenez, 1992). 
Fresh water stratification becomes less important 
downstream and thermal stratification prevails in 
the outer gulf, with the pennanent thermocline 
centered around 30-40m and temperature differ
ences up to 14°C between the surface and bottom 
waters. Cross-axis horizontal variability is related 
to the asymmetry of fresh water inflow, namely 
the discharge of the rivers Barranca and T{U-COles 
into the eastern part of the bay. Compensating 
this low salinity outflow along the eastern shore, 
saIl water penetrates along the western edge, thus 
creating a transversal salinity gradient superim
posed on the general estuarine circulation. Posi
tion and dynamics of the pycnocline are further 
complicated by tidal currents and associated in
ternal waves (Voorhis et al. 1983). The strong 
seasonality observed in the gulf is also reflected 
in the distribution of oxygen and nutrients 
(Epifanio ef ai. 1983, Chaves & Birkicht 1996). 
Dissolved inorganic nitrogen varies up to one 
order of magnitude in the inner gulf, whereas 
nutrient levels in the outer gulf are low and rela
tively stable throughout the seasons. Further de
tails on geographicaJ, physical and chemical 
characteristics of the Golfo de Nicoya are given 
in Peterson (1960), Epifanio et al. (1983), Voor-

his et al. (1983), Wolff & Vargas (1994), Brenes 
& Le6n (1995), Lizano (1998). 

The physiochemical setting is reflected in the 
zonation of fish and benthos inhabiting the bay: 
the inner gulf is dominated by the families Sci
aenid and Ariid (Price et al. 1980, Bartels et af. 
19&4) as well as stingrays, flatfishes and sea 
robins, while in the lower gulf cods, scorpion
fishes, gobies, cutlassfishes, carangids, serranids 
and others prevail (Wolff 1996). This latter zone 
appears to be the nursery ground of at least nine 
species of penaeid shrimps (Campos et al. 1984). 
Epifanio & Dinel (1984) report differences in 
dominance of brachyuran larvae in the inner and 
outer parts of the gulf, probably attributable to 
changes in bottom communities. Wolff & Jesse 
(1994) confirm this as they found highest bio
mass values of stomatopods and crabs in the in
ner part of the gulf. while shrimp biomass and 
abundance was highest in the central and outer 
parts. The shaping of the bottom communities 
appear CO be due to biological factors (e.g. preda
tion, competition) in the inner and by physical 
factors (e.g. fronts) in the oUler gulf (Maurer & 
Vargas 1984). Numerous benthological studies 
have been carried out in the Golfo de Nicoya 
including bottom commun ities (Vargas 1987, 
1988), Meiofauna (De la Cruz & Vargas 1987) 
and specific groups such as polychaetes (Maurer 
et al. 1988). stomatopods (Dittel 1991), and oth
ers (see Vargas 1995 for a review). 

Questions about community functions 
(detennination of trophic groups and energy 
pathways) have not yet been addressed, however, 
and are the focus ofthe presenl study. 

Basic modelling approach: The core routine of 
ECOPATH 11 basically consists in using a set of 
simultaneous linear equations (one for each 
group i in the system), i.e.: 

Production by ( i ) less all predation on ( i ) 
less non predation losses of ( i ) less export of ( i ) 
= 0, for all i, 

0" 
Hi - Bi M2i - Pi (t-EEi)-EXi ~ o. (1) 

wI<. 
Pi - the production oft i )(gm"'y") 

Bi - the biomass oft i) (gm-l) 

M2 j '" the predation mortality oft i )(y"') 
EE j " the Ecotrophic EffICiency oft i) (fi-al.1ion of 1) 
t-EEi .. the "Olhef mortality" (y') 

EXi - the export oft i )Ulm-y') 
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Thus, the total production by group ( i ) is bal
anced by predation from other groups (B· "M2 i)' 
by non-predation losses (Pi(1-EE i)) and ~osses to 
other systems, e.g. sedimentation and fishery. 
Since production is more conveniently estimated 
from the produdionlbiomass ratio (PB) and the 
average annual biomass (B), it is expressed as (Pi 
'" Bi " PBi)' Predation monality depends on the 
activity of the predator and can be expressed as 
the sum of consumption by all predators ( j ) 
preying upon group ( i ), i.e. 

where 

Oil = consumptior1ibiumass ratio ofthc predator j V') 

""" OCji .. tr6CIion of the prey (i) in the average diet of 

prcilator j . 

Two of the three parameters B, PB and EE 
have to be set initially for each group. The re
maining parameter is computed by the software. 
Particularly for some lower-trophic level groups, 
EE is sometimes changed by the program, even 
when P or PB are treated as initial unknowns. QB 
of a compartment can .liso be calculated by the 
model and treated as an unknown in initial 
parametrization, if infonnation is available on the 
amount of prey entering the compartment. For 
further details of the ECOPATH II model struc
ture see Christensen & Pauly (1992). 

Selection of model groups (conlpurtment:.1 
As a first step in defining the model compart

ments, available infonnation on biomass, catches, 
P/B ratios, consumption rates (Q/B), as well as 
grmvth and monality rates for the species/groups 
of the system was assembled from landing statis
tics, own research data and the literature. For 
most fish species, Q/B was calculated using the 
aspect ratio of the caudal fin (Palomares & Pauly 
1989). The weight dependent model of Palo
mares (1987) was applied to the groups "rays and 
sharks" and "morays and eels". As a next step, 
species of similar sizes, diets, consumption rates, 
monality and production rates were grouped 
within a compartment. As the official landing 
data are not given for each fish species sepa
rately, but for groups of fish such as "primera 
grande" (first quality fish> 2kg), "primera pe
que~a" (first quality, < 2kg), and others, which 
are comprised of different trophic groups, it was 

difficult to attribute catch values for each of the 
groups defined in the model. As the total catch is 
given, we proceeded by allocating a fraction of 
the total catch to each group that was roughly 
proportional to the biomass fraction of the fish 
sUlVey results. 

The mangroves cover approx. 15km2 (Jimenez 
1994) representing 1% of total system area. To 
convert given production values for phytoplank
ton carbon into wet weight, we used the follow
ing conversion: carbon to dry organic matter, 
I :2.5; dry to wet organic matter, 1:5 (Parsons et 
al. 1977). 

The model groups with the main elements are 
given in Table I.The input data as well as the diet 
matrix used are given in Tables 2 and 3 together 
with (he literature sources used. 

RESULTS AND DISCUSSION 

Fig. 2 shows the compartment model of the 
Golfo de Nicoya ecosystem based on the diet 
matrix and flows given in Tables 3 and 4. Table 5 
contains the summary statistics and network indi
ces computed by (he programme. Table 6 gives 
the transfer efficiencies calculated for each 
trophic level. 

Balancing the model and evaluation of com
puted values: The balancing of the the model 
was done as described in Wolff el al. (1996). 
Some biomass input values had to be modified as 
seen by the numbers in brackets in Table 2. Of 
these, the largest changes were done for the 
groups phytoplankton (18 to 6) and squids (0.09 
to 0.4). Minor changes of input biomass as well 
as of the P/B and Q/B values were also applied 
for other groups, of which most remained within 
narrow bounds around the input value (Table 2). 
We think that the threefold reduction of the phy
toplankton biomass is reasonable, as our input 
value was derived from measurements in the 
interior part of the gulf (C6rdoba-Mu~oz 1993) 
and from Tenninos lagoon (Mexico), both repre
sentative for shallow estuarine waters in the 
tropics. The Golfo de Nicoya has this character
istic in its interior part, while towards the outer 
oceanic part of the gulf, primary productivity can 
be expected to be far lower. The necessary in
crease of the biomass values for squids and some 
of the fish groups and for the predatory crabs also 
seems reasonable, as our initial values were based 
on scientific bottom trawl sUlVeys, which are 
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Aquatic ecosystems of Cost I Rici 

TABLE I 

System compart~"fJ as uUdfor t~ Golfo tk Nicoya Moth/ 

Group.!l 

I. Phytoplankton 

2. Microphyl~s 

3. Mangrov~.~ 

4. Zooplankton (>30CltJ ) 

5. Shrimps 

6. Squids 

7. Small pelagics 

8. Car.llIgids & Q(hers 

9.' Small demersal fi sh 

10. Flatfish 

II . CatfiSh 

12. Snappers & Grunts 

13. Liuudfish 

14. large Scianids 

15. Rays & sharks 

16. Moravs & ee'-~ 

17. Endobenthos 

18. Epibenlhos 

19. Predatory crabs 

20. Sea/shore birds 

21. Detritus 

Main ElemtnlS 

Di:lloms. d;oon~gellatC1 and othcn 

B.nthic diatoms 

Rh,zop/lo>n 5p.. Ayann,a 'P.. Peil lcic:n III. 

""ermc al'Kl ocean oopepodi. biyalye 1MYx. fDl~Ln,n,rcr"J. 

nfl,a.;,><l,. m)·"d~. na~pl;'. r;~ cu.... cl\;oel'JI;n;ul><. &: 0ll><J$ 
P,tL:>eUS '1'1'. ; T",,:hyp"n:II!:u, Iopp.. othe, pcnxo.h.: SuIc"""",.. 
;IJ'II. S •• yor'P iiPI'. l'and;.Jo.l;>e 
t..otoolopo" <homedeae. Lotli' ........ 1;1 p.>n;UI>f ..... s 

Nccpmlloplerus uupic:u5: And1o.:I 1ut1<.b. A. "A'- ""'S1""",.ruS 
.pp. 
C~ran" can;nu5; C. 0lJ)'J>\Cr; C. opocio6u.: C. ,'i ... , ws; i'tp<ilu. 
mod," ,: P. I n~dcri : Selene bn:vortii ; S. oo:n;lrJ,,: S. I'<", .. all:l: 
"L"r~:h i"",ui JI'Iil0n$i~ 

s rn;L1l &: juY. S<:iacnitls. Haemulioh. Tn'l....... (;.,nrids. Scrnnal •. 
Scomionids. Gnt>;.. A: othen 
AtII,rus klulinge'i: Sy"",,um ov.; S. I",(NIIS; S~'mphuru, 

c" ..... II.ool; S. calloplcrut; S. elodpiu. : Cyclop>t1u 'l""ma: 
Elr,~ ... > ""'SS<>lU~; CiLh."duhys !'lalnl'llrv< &. ...... " 

Anus da<~ccrh~lus; A. <lo_;; A. pl:llYVO¥M: A. " " .. :ul .. , &. otocr> 

!..~Ij""ui MU llal\ls; L. Iopp. ; HM:mulon K\IIkri ; An' >01n:.nu., ,l",.,, ; 

C~I ... nll' b'a.'hi ...... ". &: •• IIt ... 
Synutlws "";tuli,,.,p,; ; S. C ... nnanJI, ; S. _hur ... 

C~ llIJscioa .Ib.,,: C. ph..,,,ot:t:p/l:IJ ... ; C "I" . 
lJaSyJli s I""gu.'; UI\>I 'y ~"" chikni" ; lI.ay~ .~k" .• ; Ith" • .tl .. M< 
kucorh)·n.;l1us; N:ud ne bfJ! ili(l\Si. &; otha rap. . h.J,b. 
Mur..l(lu~ lunuJalus 
C)rIOpDIIl icu. CUflIC(pi &. om. ... 
C'pilcll id ~n<l Sfl"""d pulych:ola a: (II ...... 

G~jl""1",J.; Hiv~lvil ; M.jld:lc ; Panllt"",,,,,,,,, ; Lc ..... ·u"wc. 
!'J~"rill:l": Diosonidae: Sca urchin ... ie. $tl"'; 
CnilineClCS lO~ot .. : C. " piIlus; C. an:u>!u.; I'ortunus ... "",: I' . 
ind.secns: P. ~um;nalus; E.lphyln l"Obulolus; Squllb spp; Call;opi. 
\br; )(onIhu.b:: 

PcJIC4nws lpp. ; PutllCCPS dum"ricu>; SuLo "W.. PhoI""fIIO.-uQ, 
.., ' i~;t«w.; o..'1:"lOdrom~ m~; F~pL1 ""'~n,r=n.; 

Anhinga anhing.; &. (IItv:r"J 

69 

known to operate with a low catch efficiency, 
thus yielding underestimates. We did not modify 
our inilial catch values, which were assembled 
from landings staliSlics (INCOPESCA 1995) but 
also from estimates derived from the proportion 
of different fish and invertebrale groups within 
the shrimp by-catch as reported by CamlXls 
(1986). The model· value for lotal catch (3.38g 
m·l ) translates to 5070 t for the total area (1500 
km..!) .. a value that we consider rea listic, as offi· 
ciallanding statistics do not inelude the by catch. 

groups are belween 0.11 (Carangids) and 0.26 
(Squids), well within the range reponed by Mann 
(1982), Caddy & Sharp (1986) and Conover 
(1974) (for zooplankton). The respiration to as· 
similation ratios (RIA) are as expected from lit· 
erature data given in Bumphreys (1 979) and 
Huebner & Edwards (198 1). 

The gross ~fflCiencies (GE = production I con· 
sumption) cakulated for the fish and invertebrate 

Trophic structure, transfer effteiencies: The 
larger portion of system biomass is confined to 
the benthic domain ( 18,4 gm-l .. mangroves ex· 
eluded. ve~us 13.8 gm..! for the pelagic domain). 
According to the model results .. ~pibenthos .. 
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TABLE 2 

Golfo de "'Icaya- Input data and literalure sourCll!J 

Group 8iomuJ I Catch I PIO' Q/O' LitCrilurc lource 

1.PhyopJanklon 18 (6) .80 
1,3. Robertson &. 8iabeo" (1992) ; esUmalei forTer_ 
minos La,oon. Muico, C6rd0ba.Mulloz (1\193) 

2 ,M icrophylobcnthos 0,8 (0.5) 110(12\) 1 J. CIIimatel t.5d on Dummermuth ( 1997) 
Issumin, mlcrop/lylObmthos IOt:O\'ff "" o( area 
I-.fkr J jmenez (l99S) and considering I .. man. 

3 .Mangru~es .00 O,ll ,1Ovt: oo~r.) . ancr Diu (1\193) and .fter Day eI 

I I. (l9S7) 

" .Zooplankton (>JlM) m) 3,7 {4.0l jQ(40) .'" I -Wan&chn" Wolff(l996). Hossfeld ell" (1994) 
3+4: H", .. 1ey a l.OPel (1992) 
I· Wol ff ( 1996); iJanel, eI al. (JIIS4); 

5.Shrimps 0.' .... (6.0/ 21 (28) 2· INCOPfSCA (1995);)· Palacios (. ~l .(1993): 
... own e"i_ 
j· Kocl! (199<4) : 2-cllinwc t.Kd on CamJ'lO' 

6 .. Sljuids 0,0\1 (0,4) 0,02 '.J 12 (l986);3·based on t.bjid '" Kilal iluddin (1994) 
Laplikhnv~kij ( I99S): of· P:o .... m~ru (19117) 
1_ Wolff (1996): Banell et ,I. (1984): 

7.Small pcluj;ic. 0,15 4.8 (S .~) 20 (211) 2- INCOPESCA (1\195); 3: an:r.lysis of CJltch data; 
. ; upr:cc llIIio 

1- Wolff (1 996); 8anelal al. (1984): 
S. Cilr.m11iU~ & miters 0.15 (0 .1, 0.2 0.' 7.J 2. INCOf'ESCA (1995); 3: analysis of C3tch data; 

4; aspect ratio 
1- Wolff (1996): 8ancI>cl aI. (198-4); 

tJ.Srn.;a1l uc mcrs ;a l fish '0 2.7 8 (12 2· INCOPESCA (1995); 3: IIlOIlysis of calch d~ta: 
4; IIlpccI ralio 
I· Wolff ( 1996): lIanel. t! aI. ( 1984); 

10. Fl:!lIhh OJ (0.78) 0.2 1.9(I.H) 6,5 (7.5) 2· INCOPESCA ( 1995); 3: an~IY!iis of catch dall; 
4: ISpect ratio 
1- Wolff ( 19'J6); 8~n~l, Cl al. (1 984); 

II. C~\fish 0.35 (O.~) O. J 0,8 (0.',1) • 2- INCOPESCA (I99S): 3: analysis of catch dat.; 
I : upett ratio 
1- Wolff ( 1996); Bane ll et al . (1 984); 

12. Suapf""rs & Cirunts 0.ll (0.4} 0.2 0.75 (0.115 , ' .J 2- INCOPESCA (1',195): ) : ;IIllIlysi~ of c,uch d;,ta; 
4: bpCCt ralio 

I· Wol ff (1 996); B.ndl CI .1. (1984); 
1). U f.;arJfi,h 0.12 (0. 19) 0.' 5~ (7.0) 2' /NCOf'ESCA (1995);); anal)'Si. of C3lc1l data; 

14. I;ugc x lacmds 
' : aspect ""io 
I· Wolff (1996): 81C1el$ ctll. (1984); 

O.J 0.12 0.' • 2. INCOPESCA (1995);): ana l)'Sis of Catctt dill: 
I : u pect llIIio 
1- WolfT ( I996); Ba.ub et .1. (1 984): 

15. R :l)'~ & ~ harks 0." 0.' ,., 2- INCOf'ESCA (1995); 3- Pauly'" Christensen 
. (99): • . P.Iorrnon:s (1987) 

1- Wolff (1996); Banels el.1. ( 1\184); 
lb. Moruy~ & C<.!h 0.1 (0. 16) 0.' 0.75 3,6 2- INCOPESCA (1995}:)· own e$linwe:'" Palo-

mares (1981) 

17. Endohcnll"", 0.2 (O.H) 15(30) .iO( ISO) I· Maurer It VNlls (1984): 3- Tumbiolo 41 Oown_ 
inl- ( 1994): '" own estimate 
,. Jeuc: (1996); Maum-ct. al (1978); 2- lncopesa 

l it l:ribclllhos " 0", 3,9 (4.0) 15(25) ( 1995»)· Tumbiolo a. Downin, {199<I); '" Gri(-
Ii lhl(l9801 
1- WoIH (I9%J: Bane ls 1:1'1. (1981); 

I~. 1'1"!,::Uatory .. r~h!; 0.2 (0.5) 0.' 2. 0 II 2_ INCOPESCA ( 199~ »)- Diuell:l.l. (198~l; I · 
own tscim.«: 

~(I. Sca/,horc Ilirds 0.02 (0.05) 0.15 " I· Dunlop et ,1 .( 1988): l.'· MlICk It Pau!y (19111) 

21.Dc tritll ~ & ""c tcri~ 
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shrimps and small demersal fish are the most 
prominent benthic groups in tenns of biomass, 
while plankton, small pelagic fish, carangids and 
squids dominate the pelagic biomass. In terms of 
food intake, zooplankton and epibenthos are the 
most important pelagic and benthic groups with 
an intake of 640 gm_l and 300 gmol respectively 
(see Table 4). Demersal fish (groups 8,11 ,12, 
13,14,15,16,) conswne twice the amount (10.8 
gm.l) than predatory crabs (5.5 gm~. Of the pe
lagic predators, squids and l'Iirds conswne 12.8 
gm-l and 3.25 gm-l respectively. The groups phy· 
toplankton, zooplankton, mangroves and epi· 
benthos have the lowest ecotrophic efficiencies 
(the fraction of the total production conswned 
within the system), and thus represent the main 
providers of detritus. 

-Mangroves, although covering only 1% of the 
total area, contribute 75.7% to the system bio
mass but only about 1 % (22g m'~ to the primary 
production. Nevertheless, through litter fail, 
mangrove production can be asswned to be of 
great importance in fuelling the detrital food 
chain in the inshore areas of the gulf. More im
portantly, however, seems the role of the man
grove root system as a hard substrate for epi. 
fauna. As shown by BOttller (1997), the sutface 
area of the roots is about twice the ground area 
covered by mangroves and average epifaunal 
biomass can reach values of 1400g ow nfl. This 
represents about 9()01o of the epifaunaJ biomass of 
the entire gulf and explains, why epibenthos is 
the second largest box in our model. It serves as 
an important food source for invertebrate preda
tors and many commercially important fish spe
cies of the inshore gulf area. Through the release 
of enonnous quantities of pelagic larvae and of 
faecal material, epibenthos also provides food to 
many of the, zooplankton filter and suspension 
feeders of the entire system. It is thus evident, 
that even small areas of mangrove vegetation 
(like in the Golfo de Nicoya), have an enormous 
importance for the biomass distribution and en
ergy flow pattern within the estuary. Trophic 
models of estuaries that do not include mangrove 
vegetation and associated fauna will grossly un· 
derestimate system biol)1ass and energy flow. 

The computed mean transfer efficiency be
tween trophic levels of 14.9% (Table 6), is very 
close to the 15% value given by Ryther (1969) 
for coastal zones and within the range of JO to 
20% commonly reported in the literature (Odum 
1971; Barnes & Hughes 1988). It is almost iden· 

tical to the value (15%) calculated for the Golfo 
Dulce system in southern Costa Rica by Wolff et 
al. (1996). As seen by the flow pyramid (Fig. 3), 
most of the system's energy throughPUt is 
achieved from the trophic levels I to II (62%) and 
II to In (34%) as expected for coastal phyto
plankton/ detritus based systems with strong 
benthopelagic coupling. The situation differs 
from the one in the Golfo Dulce, where phyto
plankton and benthic production is low and 
where the pelagic community seems to be more 
tightly structured (Wangelin & Wolff 1996) 
leading to a larger fractional throughput in the 
higher trophic levels (Wolff et al. 1996). In the 
Golfo de Nicoya most energy is transferred rrom 
the primary producers and the detritus pool to the 
next trophic level. The ingestion by detritus and 
phytoplankton feeders alone represents 82% of 
total system consumption (Tables 3 and 4). 

Flow Pyramid 
(Gn25-03d) 

I @ Wet weight (Ukm')/year I 
Fig.3. Golfo de Nicoya, pyramid oftlows. The volume of 
each trophic level is proportional to the total flows 
through this compartmc:nt. the bottom compartment rep
resents herbivory. 

According to the model estimates, a large 
quantity of detrital matter (482 gm.l) is exported 
by the system. Of this, a part will be sedimented 
away, another serves as food for deep water de
tritus feeders, such as squat lobsters, that were 
found in dense shoals and comparatively high 
biomasses in the deep water of the outer gulf area 
(Jesse, 1994). 

Summary statistics: The model estimate of total 
system throughput (1) of 3049.3 gm·2 exceeds 
twice the value of the Golfo Dulce model 
(1404.6) and even more the value reported for 
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TABLE 3 

Group' • 5 6 7 8 9 10 11 12 13 I. 15 16 17 18 19 20 
I. PhyopllOkton 
2. Mi(:rophytobenlhos 

3. Mansrovcs 
4 . ZooplinklOft (>300) 

S. Shrimp:5 
6. Squids 
7. Small pelagk:s 

3. Canngids.t other 
9. Small demenal 
10. FlatrlSh 

11, Catfish 

12. Snappers &. Grun 

13. Liurdfish 

14. l arg~ Scianids 

15. Rays & sharks 
16. Monys &. «15 

11. Endobcnthos 

1 S. Epibcnthos 
19. PrcdatOfY crabs 

20. ScI/shore birds 

2 1. Detritus &. bacteria 

S,m 

0,75 0,6 0,6 

0,' 0,' 

0, ' 
0.05 0,25 0,05 0,. 0,12 0,' 0,05 0.07 

0.'4 0,6 

0,1 D,Hi 

0,05 0,01 

0,05 0,01 

0,15 

0, ' 

0,2 0.3 

0,' 

0,' 

0," 

0,0& 0,12 0,' 

0,2 0,03 

0,' 0,05 

0,02 

0,05 

0,' 0, ' 0.2 0,05 0,05 0,05 

0,1 0,05 0.05 0,05 

0,2 0,1' 

0,' 

0.2 0,1 0,1 0,05 

0,02 

0,20, 15 0,2 0 ,1 0.160,1" 

0,05 0.05 0,1 0,08 0,08 

0,05 0,1 0,05 

0,05 0,05 0,001 0,05 

0,02 0.02 0.02 0.04 

0.01 0,05 0.05 

0,02 

0.03 0.02 

0.05 0.05 0.05 0,0< 

0,3 0.05 0.5 0.11 0.4 0.2 0.2 0.35 0,2 

0,05 0,02 0,05 0.1 0,05 0,15 0.1 

D,Hi 0,08 

0,05 

0.45 

0, ' 

0,1 0,1 

0,5 0,3 

0,0< 

0.05 0.08 0,62 0,23 0,15 

Groups I). 2) and 3)..-e prodL>CCfS, l1(li consume ... 4) i'(:lipa" aI. (1977); 5) Moriarty.t Barclay ( 198 1), Froslio &; G-amino (l9U), 
51 ...... &: Zimmerman (1 911); 6) Sauet-.t Lipinski (1991), Hcmar.ckz-Gucil (1992): 7) Ql(fta (1973). V~ Filho.1 aI. (1984). 
C..,pos &0 CornJa (1916). SalilOWSi<i ( 1990). BlISSin, oll.o!lez (1 9901): 8) own dar., RmdaII (1967). V~ Filloo d II . (1 984). 
Popova. SCm. (1913). Brewer n aI. (1919),. Sudckum .laI. 1991. Sm;!b.1 aI. ( 1992) Bussin,lI: Lopa(19901)); 9) 0-1 diu. Salifti n aI. 
(1990). BussirI, ol Lopa (1994). Campos ol Corrales ( 1986). de Souza Srlp . de Souza Bnrrp (1917). Szditowski ( 1990). Buuin,lI: 
Lopez (1994); 101_ dar&. Mx "'*- ( 197'). Szdilowski ( 1990). Gart-i .. Abld., aI. ( 1992). BvssinC I/: Lopa{I994); 11) Sberidan 
~I ttl. (1984). bit (1936). YaIIez· Ar3ncibia I: ..... DominlllCZ (1911). Ro;u. Bel .... (1919). Sal;"; n aI. (1990). Tilncy I/: HWlI 
(1990). Szdi""""'i ( 1990). Bussinl I/. Lopel (l994): 12) own data. f'IlpoYa ol Sb'no ( 1913). Campos I/: Coorakt (1986). P.mh (1917). 
Salin< ~I ttl. (1990). Szd;IO'oO'ski (1990). Buain •• Lopez ( 1994): 13) S .... eMm .. (1984). v~ FiIho.1 aI. (1 914 ), Suain,lI: 
Ulpc:z ( 1994); 14) own daIa. Campos.t. Comles (1916). Buu;ng &. lopez (1994). Sbmdan "I aI. (1914) I~) II'WIt diu. bOOaIl . (1961). 
Salin; rI aI. ( 1990), YWt Dyllluiun.t. Mollel (1992). l!-hill''''1 01. (1993 ). Slil .... tll. k oh ler ( 19931. Gillian ol Sullivan (1993). Bussing 
I/. Lopez (19904); 16) own darl. Btw.in~ &; Lopez (1994); Yukibira ~I al. (1994) 11) own dill; 18) Perez. Bdlwood (19U). Nojiima 
(1 9891. Tokeshi ~I aI. (1989) Manj'tlatha .t. a l bu (1991). Frid (1992). Woods ('993): 10) Laughlin ( 19'2). Willian. (1912): Giovanardi 
&; Manron (1984). Dillel '" aI.(1913); 10) M1Kk &; Pauly (1981 ). 

Tamiahua lagoon in Mexico (822.4) by Abarca
Arenas & Valero Pacheco (1994). The very low 
value of the latter system can be explained as the 
authors report a strong oil impact on the system 
that has led to a 90"/0 reduction of benthic pr0-

ducers. 
Throughput values of many other systems are 

much higher, however. Mendoza (1993) reports 
for the Nonheastem Venezuelan Shelf a value of 
762 1. Chavez eI aI. (1994) for the Celestun la
goon in Mexico of8969 and Wolff(I994) for the 

Tongoy bay (upwelling) ecosystem in Northern 
Chile an even higher value of20 835. 

The mean trophic level of the Golfo de Nicoya 
fishery (4.06, about the level represented by rays 
and sharks) reflects the fact that the fIShery oper
ates as a top predator of the system. Several har
vested groups are predatory fish that themselves 
feed upon higher trophic levels. While this value 
is much higher than for upwelling fisheries, 
where the fIShery concentrates primarily on 
planktivorous fish (Jarre et aJ. 1991), it is lower 
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TABLE 4 

Gollo tk Nicoya. PQlTJmelu values I!nll!red (in bold) ond calculall!d by the ECOPAm 11· soft_no 
(&PIOllQtiOff 01 symbols: PIB,QIB, EE and GE WI! "IQ/t!riol and me/hod :wctiOff: 

,~p 

( I) I .Phyoplaul.:lon 

(2) 2.Microphyltlb.:mhos 

(3) 3.Mar"1gru,·es 

(4 ) 4.ZovpI;mkloo (>JOOu) 

FI: lood in/okl!: R: r l!spirolion; A: QJSimilolion) 

ral<"h hio nms§ P I li Q I II EE FI R I A P I li. R I B 

IOO./JO(} O. !! 

rn~~. ____ _ u. _ ~ ~ _ 
(6 ) 6 .. Squids 1.11' 9.<IOf I,JO J2,00 0.91U U.26(1 11." M&O o.q() l7 .lO 

(7) 7.Sm:a1l P<'1"gin ~, /-" 1,_ 5,50 lK./JO 0.9XJ 1I.:!OO 12.10 0.7~ QHO 16.911 

( II) 8. CarangiJs & olners 0.100 0.501) 0/10 7,)1} 11.9-40 O.t 10 3.70 0.860 0.160 ~.~ 

{'J ) 9.Small demersal r .. h 1.000 1,300 2,J~ 11,00 1I.~ .100 0. 11'</ I.HO 1,1.160 lI~l:!O UO 

(I U) W. l-1al fi~h ~.lOO O, 71J<J 1.80 7.511 I!.Y-40 U.2.1O '-"'0 0.100 Il~lO ' .10 

(I I, II. Calfish UOO o.sOU a.Wi 4,00 0.~20 I/, ~.w, 2.00 11.120 o.:wo 1.J11 

( 12) 12. Snapp.:::~ &Grunb 11,169 0.__ 1/,'5 ~.J(} 0,9611 0.22\1 'I I 0.1.!11 OJIO U 9 

( 13) 13. Li/...rufi:s.h ' ,100 o,/WJ 1,00 7.00 0,910 0.140 1.1' o."JU O.!}O H,u 

IJ .5.: ianWJs 
( 1-1) & LUljaniJs (>2I}.;m ) I/, IN ,1~1/JIJ 0,60 ~.110 O.'f60 0.1...... 1.:-0 0",.11 O~.lO 1.tIll 

(I S) I S. Ray~ &sharh I/.M II.(W(J O,U} 1.110 O.':I~ 0.110 0 . .10 0.7.1011 0.110 If '" 

\ 1(,) 16. Murays &. cd s 1/. /110 IJ,IIJ,() 0. 75 l .W 11.9\1\1 O.~III u.m U.7.11' 'U '>O 2.1.1 

( 17) 17. EnJub.:mh .... 

(lK) UI. [pioc llI OOs 

(I~ ) 19. 1nOalorycrJb$ 

l2n) 20. Sc:ll"ho l\: hinls 

U.J$O JU./II, HU,fIO U.'I':IO 11,2<,1() .\ 2.'10 0.1"" lI.nn 9IJ.I.(} 

O.1Jj1J 12.l1l)(I ~. QI) 15,00 o.~~ O. lr,o .""'I,IJI I II.IOW 0.2."" 16.1ll 

fI. /fIIJ 1J.$00 1,00 II,/)(} 0.9W U.IW ~.:IU 0.771/ U.l'IIJ 6.110 

\2 IJ 11 .O ..... rilU5 & baclcna '12.l.IYO 
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than the one for the Golfo Dulce model (5.3). 
This is due to the fact that within the Nicoya gulf 
an important fraction of the total catch is made up 
by shrimps and small pelagic fish, that feed on 
the lower trophic levels. 

The annual catch of 3.38 gm.l is about IS 
limes higher than that reported for Golfo Dulce, 
showing the low resource productivity of the 
latter, While this value seems reasonable as an 
average for the entire gulF, it must be stressed, 
that large parts of the resource biomass is coo· 
fined to the inner and centrnl part of the gulf, as 
revealed by the research surveys mentioned. 

for the Northeastern Venezuelan Shelf(S.2 gm·1) 

(Mendoza 1993), for Campeche bank, Mexico 
(4.82) (Vega-<:endejas et aI. 1993), or for 
Maputo Bay, Mozambique (7.05) (DePaula et 01. 
1993). It thus seems that the catch/area obtained 
in the Golfo de Nicoya can be considered imer
mediate for tropical coastal systems. 

The amount harvested is similar to that given 
by Arreguin-Sanchez et ai, (1993) for the South
western Gulf of Mexico (about 3.32 gmol). It is, 
however, higher than that reported for the conti
nental shelf of Mexico (2.8) by Browder (1993) 
and for the South China Sea ecosystem (0.83) 
(Silvestre et aI. 1993). Higher values are reported 

The gross efficiency of the fishery 
(catch/primary production) computed by the 
model (0.3%) appears high when compared 10 

the Golfo Dulce model (0.06"'.) or the Northeast· 
ern Venezuelan Shelf (0.15%) (Mendoza 1993), 
indicating the high overall exploitation rate. This 
result is consistenl with the fact that many popu
lations of shrimp and commercial fish have dras
tically declined over the pasc years due to over
exploitation (INCOPESCA, 1990-1995). The 
most affected resources seem to be the shrimp 
stocks (especially white shrimp). Catch volumes 
have decreased from about 1326 t in 1983/84 
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TABLE 5 

(a) Summary stalistics 

sum of all consumplion 

sum of all exports 

sum of all respiratory nows 

sum of lllJ no ws into detritus 

totOlI system throughput (1') 

sum of all production 

ri slk:ry 's mean trophic level 

iI's gross efficiency (catchl prim. prod.) 

100ai net primary production (PP) 

total PP I t()(a l respiration (R) 
tOl.al biomass I 100aithroughput 

100al biomass (txd. Oetritus) 
pelagic biomass 

bcn1hic biout;l~s (c"c nl;.Ul~rovcS) 

100ai caldJes 

(b) Network no,,· indices 

Sourl."t: 

Impol1 

Internal no w 

Expon 
/{cspir.ll ion 

Totals 

Throughpu! cycled 

Finn "s ')'ding irxlel 

Asccndcncy 

FJowbits 

U 
1306 

986,3 
944,9 

3237,1 

35.4 
5,5 

(CamlXls 1986) to 759 t in 1995 (INCOPESCA 
1996) and present shrimp sizes are relXlrted to be 
much reduced. 

As shown by our model, shrimps occupy a 
central role within the Golfo de Nicoya as con
verter of much of the system detritus and other 
hentho -pelagic food into food biomass for sev
eral groups (Table 3). Their overexploitation 
means a significant reduction of the food stock 
for these predators. For their wide-scale distribu
tion and specific ttophic niche within the system, 
it is improbable that other species can compen
sate for this lack, and the decline of many corn-

% 

U 
10,5 

8 
7,6 

26,1 

1[61 
485,5 

676,5 
726,3 

3049,3 
J414,3 

4,06 
0,003 

1162 

1.118 
0,04 

132,12 

13,5 
19,2 

3,38 

Ovt:rhcad 

Flowbi ts 

0 
6936,3 
340,2 

1873,7 

9150,2 

tJ km2{ year 

· sedimcntation, fishery 

values in g I m2 

Capaci ty 

% Fluwbi LS % 

0 0 0 
56 8242,3 66,5 
2,7 13265 10.1 
15,1 28 18,S 22,8 

73,9 12337,3 100 

('"k of total throughput) 

mercially important jXlpUlations of shrimp feed
ing fish seems the logical consequence of this 
overexploitation. 

The primary production to respiration ratio 
(PIR) computed by the model (1.72) indicates 
that more biomass is produced than respired, 
indicative for a relatively immarure ' system 
(Odum, 1971). The value is significantly higher 
than that of Golfo Dulce (1.07) showing the dif
ferent nature ofboth gulf systems. The character 
of an immature system is also confmned by the 
low index of recycling (Fel= 5,5%) (Finn 1976) 
and the Ascendency/capacity (AlC) ratio 
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(Ulanowicz, 1986) a further descriptor for system 
maturity. The value computed for the model (26. 
1%) (Table 5) is very low, suggesting a low de
gree of system's ·maturity. This seems to gener· 
ally hold for tidally driven, tropical estuarine 
systems. in which hydrographic and climatic 
variability is very pronounced. These systems of 
high system PIR and low AIC ratio are used 10 
environmental stress, and may eventually be con· 
sidered relat ively robust against perturbations 
(Ulanowicz& Mann 1981, Rutledge et al. 1976). 

TABLE 6 
Golfo de Nicoya. Tranifu efficienciu (TE) lor each 
Irl/phlc level: TE - proponion 01 energy Iraniferred 

lrom one Irophic level/o 1M ntx/ 

Source II III IV V VI VII VIII 

"""""'. D«riM 
Allllow$ 

8,6 17,2 14,9 14.8 16.4 15,4 17 
9.6 17.9 15.4 14,8 16.4 IS. l 17.1 
8,8 11,4 IS 14,8 16,4 IS,1 17 

We think that the modelling exerc ise allowed 
ror a coherent picrure or the Golro de Nicoya 
system and pennitted to answer the questions 
addressed in the study. Moreover; a quantitative 
basis was obtained through the model construc· 
tion. ror a comparison or the gulf with other 
tropical coastal systems. 

Some shortcomings should be mentioned, 
however. Although the data basis ror the model 
was comparatively good due to the intensive 
research in the study area over the past 20 years, 
ror some o r the model compartments only crude 
estimates were available. This espeeially holds 
ror the biomass and production values ror phyto-
plankton and phytobenthos compartments,which 
need intensive research in the ruture. Imports and 
exports (apart from catches and detritus produced 
within the system) were not considered in the 
model. The riverine import has not been quanti
fied and migrating populations or birds. dolphins. 
sharks or turt les, known to alter the biomass 
budget by their migratory aaivities, were not 
considered as well. Very li tt le quantitative in
ramation existed for the higher predators such as 
birds or aquatic mammals. While we included 
birds, by using rough estimates from the litera
ture, we did not include marine mammals due to 
the lack or inrormation. 

As in most trophic models, the "m icrobial 
loop" was not considered and detritus was used 
as a black box, without partitioning into benthic 
and pelagic compartments or particulate and dis-
solved organic matter. We think that a microbial 
loop study (or model) should be done in addition 
to the trophic model presented here once the re
spective data basis is available. 

Further limitations are associated with the 
staedy-state assumption of the model: 

It is known that high seasonal variations occur, 
which can produce intra-annual changes in the 
trophic structure and productivities of the system 
compartments. These are not considered in the 
model, which reports "average conditions", The 
construction or two seasonal models (rainy, and 
dry season) would be a wonhwhile next stcp to 
account for the seasonal dynamics or the system. 
Th is, howevcr, requires a data basis as yet not 
available. Strong modificatioos or the fishing 
activities (new targets. increasing elTon) can also 
introduce changes in the ecosystem structure and 
flow pattem, which are difficult (if not impossi. 
ble) to predict. [ t is important to keep this in mind 
when steady state models are being used as man
agement tools. 

RESUMEN 

EI Golro de Nicoya es uno de los es· 
tuarios mas grandes y sobreexplotados de 
America Centra l. Con el prop6sito de intcgrar 
la inronnaci6n disponible sobre e l eSluario. se 
construy6 un modelo tr6fico de 21 com part i
mentos usando el programa ECOPA H I II. La 
mayor porci6n de la biomasa ( 18.4 g I ml ) 
proviene de los ambientes !>enticos, sin incluir 
manglares, com parado con [3.8 g Iml de los 
ambientes pelagicos. Los manglares, quc so lo 
cubren el J % del area del Golro y propor
cionan el I % de la producti vidad primaria, 
aportan sin embargo, el 76 % de la biomasa 
del s istema. Las raices del manglar aportan 90 
% de la biomasa ( 12 glm2) proveniente de la 
epirauna, e l segundo grupo mas grande del 
modelo, enratizando eI papel rundamenta l de 
los manglares en el Golro de Nicoya. La rna· 
yorfa del nujo energetico ocurre entre los ni· 
veles tr6ficos I y II ( 62 %) Y II·III (34 %) 
segun se espera para un ecosistema costero 
basado en fitoplancton-detritus. Una alta efi
dencia bruta de la pesqueria ( captura I pro
ductividad primaria) de 0.3 % confirma la alta 
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explotaci6n actual. Los camarones son im
portantes en convenir deuitus en olms fonnas 
de biomasa. EI modele sugiere que el Golfo de 
Nicoya es un sistema de poca madurez, 
caracterlslico de eslUarios tropicales domina
dos poT las mareas. Se discute las [imilaciones 
del modele y se orienta la investigacion fu
tura, EI modele es comparado con el ya pro
pueSIO para e l Golfo Dulce, una rosa an6xica 
lambicn en la costa Pacifica de Costa Rica. 
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