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Absl ract: Golfo Dulce is a deep Impica! esluary whose ecosyslem dynamics are poorly understood. in order 10 evalu
aTe biomass and energy now distribuTions, prOOuctivi ly po!enlial . and 10 obI:ain guidelineli for conse ..... ation manage
ment , a steady - Slate model of 20 companmenl5 (excluding delrilUS) was constructed usine the: ECOPATH II ",fl · 
ware. TOIal system biomass ( 10 .4 tlkm') and total energy Ihroughput (sum of al l nows, T = 1405 tlkm2/year) of Golfo 
Dulce are small compared to othe:r mode led coastal ecosystems. The mayor pan of the: energy Ihroughput is achieved 
from primari ly pelagic trophic levels Ito II (52%) plus 1110 III (41 %). The pelagic fish biomass consumed with in the 
sYStem by top predat!m (about 11331) exceeds Iwice The demersal fish biomass consumed (5021). Artesanal fishery pri. 
mari ly operales on the top trophic !cvels of the benthic domain and has a very low gross efficiency (calchr' primary 
productKln = 0.06%). A nearly balanced produclionlrepiration ratio (P/R,. 1.(9) and a high mean tranfer efflCK:ncy 
(lS%) sUliest that the system is near maturi ty. Conlnldictory seem the low Ascendency (A= 32.2%) Ind high 
[)evelopmenl Capacity (OC = 61.8%) values indicalive of a relatively undeveloped system of little internal stabi lily. 
This contndiction might be explained through the rIC! thai: much of the detrital TIlItIeT produced within the euphodc 
woe i5 5edimented away and does DOl - li ke in odEr coastal systems - reenter the food web. Thus. whcras the pelqial 
represents a right ly coupled ralher lTIIture (cub) cystem. the Golfo Dulce: IS I whole lacks this degree of maturity due to 
a very inefflCK:nt benthic pelagic coupling, which results from its fJord ·like topography. The model reveals thai Golfo 
Dulce acu differently from most tropical coastal ecosystems: it is dominated by biomass and energy flow within the 
pelagic domain and ruther resembles an open ooean system than an estuarine one. Due to its low benthic biomass and 
low overal l productivity, there seems to be no potential for further deve lopment of the demc:rsalJsemi-demenai fishery 
inside the p lf. An increase of the pclaaic fishing pressure would seriously threaten the populations of resident preda
tors ~ uch a.~ dolphins, sharks and large bi rd species. which have considerable conservation and eootouris m values. 
Future ecosystem resean.:h in Golfo Dulce shou ld focus on the pelagic part of the gu lf (microbial loop. planklon. and 
nekton). on the smal l benthos. as well as on transfer processes within the pelaak: domain, between the pelagial and the 
bcnt~, and al the river/gu lf and gulf/ocean interfaces. 

Key wor<k BiolT\a.U budget ecosystem structure. tropical estillif)'. energy now. Costl Ricl. 

Golfo Dulce is a fjord-like embayment of 
tecton ic origin. located on the soulhwesl coast 
of Costa Rica (8°30' N, 83°16' W). It is about 
50 km long and 10 - 15 km wide. with a sur
face area of 750 km1 and can be divided into 2 
parts: a steeply sloped deep inner basin with a 
Oat bol1om and maximum depth of about 215 
m and a shallow outer basin with a si J.! depth of 
70 m (Fig. I), marking the borderline for this 
mode l. Shoreli nes are dominated by steep, 

forested rocky slopes to the north, northeast, 
and to Ihe sou lh featuring some coral reefs. 
Genlle, largely deforested slopes with sandy 
beaches prevail to the west (Puerto Jimenez) 
and easl (Colo-Colorado river basin). Because 
most rivers entering are small, and basin slopes 
are steep. mangroves are relatively little devel
oped (about 2000 hal. The small catchment 
basin (2050 km\ excluding Golfo Dulce itselO 
rece ives 3000 - 5000 mm of rain per year 
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Fig. 1. Golfo Dulce, Costa Rica (a) study area; (b) conceptal transect. 
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(Herrera 1985). The wettest months are August 
through October (>500 mm1month), while the 
dry season is short (January through March 
«loa mm/ month ). Because of the gu lf's 
topography, water circulation is restricted , 
resembling that of a high-latitude fjord , and it 
is one of only three such embayments known in 
the tropics (e.g. Deuser 1975). The tidal range 
is 24m, yet strong tidal currents are restricted 
to the outer basin (Quiros 1889). 

Environmental conditions favoured growth 
of coral reefs up to the recent past. But most 
reefs in the inner basin are now deteriorating as 
a result of increased sediment loads due to 
deforestation, nearshore road construction, 
agriculture in the lowlands, and gold mining in 
the mountains of the Osa pe ninsula (Cortes 
1993) . The mangrove fores ts are part ially 
threatened by coal production and aquaculture 
devel opmen t, and draining of acid mangrove 
soil for agriculture has caused local fi sh kill s. 
New economic acti vities promote local human 
population growth (tax-free zone in Golfito, 
ecotourism in Puerto Jimenez), increasing lev
els of untreated urban runoff. Fishing in Golfo 
Dulce is artesanal. and total landings make up 
on ly about 3% of Costa Ricas catch, yet some 
large finfi sh species are already being over
fished (Campos 1989). Nevertheless, Golfo 
Dulce remains a relatively undisturbed estuary 
with hi ghly unusual geographic, oceanographic 
and ecological fea tures, Its shores and man
grove forests are nesting grounds for threatened 
marine tun Ie species and rare as well as 
endemic bird species (Hartmann & Acevedo · 
Gutierrez 1996), its pelagic waters are home to 
sub s tantia l res ide nt dolph in populations 
(Acevedo - Gutierrez 1995), and its watershed 
includes. on the Osa Peninsula, parts of one of 
the leas t di sturbed tropica l rain fo rests in 
Central America. 

While the topographical and oceanographic 
co nditions of the gulf are somewhat known 
through previous studies and data of the recent 
Vi ctor Hensen - cruise of 1993/94 (Wolff & 
Vargas 1994), information abom the living biota 
is scarce. The Victor Hensen - cruise yielded the 
first quantitative data on different macroplank
ton size compartments of the gulf (Hossfeld er 
al. 1994) as well as on demersal fish and invcr
tebrates (Wolff & Jesse 1994, Koch 1994). 

There is now sufficient quantitative infor
mation allowing for the construction of a first 

holi stic ecosystem model in order to under
stand the main energy pathways of the system. 
The model we are presenting here is an attempt 
to answer the following questions: (I) How is 
biomass distributed among the various ecoys
tern components and what are the major path
ways of energy flow? (2) How, in particular, is 
biomass distributed between pelagic and benth
ic predators, and what are their prey items and 
consumption rates? (3) What is the productivity 
potential of - and food availability for - the 
pelagic and benthic resources of the gulf, con
sidering the needs of coastal conservation and 
fi sheries management? (4) How do the biomass 
fluxes in the gulf differ from the open shelf and 
other gulf systems in the (TOpics? (5) What are 
the major ecosystem components on which fur
ther study should be concentrated? 

To model the gulf s ecosystem, the ECO
PATH II software of C hri s tense n & Pau ly 
( 1992) was used, which combines an approach 
of Po10vina (1984) for estimation of biomass 
and food consumption of the various ecosystem 
elements (species or species groups) with an 
approach proposed by Ulanowicz ( 1986) for 
analysis of flows between the ecosystem ele
ments and for the cal culati on of ecosyste m 
indices. In particular, indices used are "Total 
Sys tem Throughput (T )", which reflects the 
size of the system in teons of the sum of flows 
through all the indi vidual compartments. This 
index is regarded as a measu re of the 
"power"generated within the system . 
"Ascendency (A)" represents both, size and 
organization of th e flo ws, while the 
"Development capacity (C)" is the upper limit 
to ascendency. The degree of a system's rea
lized growth, organi zation and development 
can be given by the Ale ratio (Ulanowicz & 
Mann 1981 ), which tends to be low in systems 
under stress and hi gh in well organ ized sys
tems. The latter have the tendency to internal
ize most of their activity, to become relatively 
independent of eltternal inflows and outflows 
and are thus tending towards high temporal sta
bility (Baird & Ulanowicz 1993). Other indices 
used to assess mat urity incl ude: ( i) trophi c 
transfer efficiencies (supposedly high in mature 
system s), (ii ) the production/resp iration ratio 
(PIR= I for mature systems), (iii) the degree of 
energy cycling which increases with maturity 
(Odum 1969) as eltpressed in Finn 's cycling 
indelt (Finn 1976) and (iv) "Overhead" (0), an 
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indicator of ecosystem stability (Rutledge et al. 
1976) representing the potential of the system 
for further development These indices have 
been used by various authors to compare a 
wide variety of ecosystems of different sizes. 
geographical location and complexilY (Baird et. 
al. 199 1, U1anowicz & Wulff 1991 , 
Christensen & Pauly 1993), and they will be 
used in our analysis of the Golfo Dulce model. 

In the ECOP ATH II model, biomass pro· 
duction of and impons to the compartments is 
balanced by consumption and exports. 
Important input parameters for the model are: 
biomass (B), production per unit of biomass 
(PIB). consumption per unit of biomass (QIB), 
ecotrophic efficiency (EE)- the fraction of the 
production used within the system (i.e. entering 
the o the r compartments) • and export (EX). 
Respiration (R), respiration per unit o f biomass 
( RI B) a nd g ross e fficiency (G E) are output 
parameters that are cruc ial for examining the 
modelling results. The modelle r defines the 
model structure by a prey · predator matrix 
indicating for each compartment the fractions 
of the total consumption contributed by each 
prey source. 

MATERIAL AND METHODS 

The Coiro Dulce environment: The first· 
and up to the "Victor Hensen· cruise 1993194" 
o nl y - oceanographic account dates back to the 
earl y 1970's, through three c rui ses of RV 
Thomas G. Thompson (Richards et al. 1971 ; 
Kuntz et at. 1975). During the dryer season 
(January·March), the lauer found a slightly 
dilute, thermally stratified surface layer, with 
the major thermocline centred around 4Om, and 
nearl y homogeneous deep wate rs similar to 
subtropical subsurface water occurring at corre
spondin g depths outside the gulf (Brenes & 
Leon 1987) . CTO measurements during the 
Victor Hensen cruise (January 1994) confirmed 
this dry-season picture (Wolff & Vargas 1994). 
While temperature appears to be the major con
tributor to the thermocline most of the year, 
periodic freshwater flu shing of the upper 10m 
in the outer Gulf has been observed after heavy 
precipitation (Yukihira 1991). Richards et al. 
( 197 1) found oxygen levels declining rapidly 
be low the s urface « 10% saturation a t s ill 
de pth), a nd total anoxia below about 150m, 

while outside (oceanic) concentrations were > 
10% of saturation at that depth. In the deep 
anoxic water column, H2S concentrations to 
about 5 -'10 I!M developed. The recent Victor 
Hensen data revealed less oxygen at intennedi· 
ate depths (dissolved ~ disappeared at 80 . 
100 m depth), yet barely detectable H2S levels 
in the deep basin). 

At both investigation periods. nutrient levels 
were low near the surface. typical of non· 
upwelling shelf waters. Nitrate increased with 
depth to a peak just below the thermocline. 
Richards et al. (1971) concluded from their 
observations that deep water renewal was slow 
and restricted to occasional intrusion of dense 
subsurface water into the Gulf, which simulta
neously advected nutrients into the photic zone. 
The Victor Hensen observations confirm this 
hypothesis. yet the flushing periodicity remains 
uncertain (Wolff & Vargas 1994). 

Sediment studies during the Victor Hensen 
expeditio n revealed mostly unconsolidated soft 
olive-black sediments mixed with leaves and 
wooden sticks. similar to sediments found dur· 
ing one of the Thompson cruises (Nichols
Driscoll, 1976). Total organic carbon (TOC) 
and carbonate contents were not uniform. 
Highest TOC levels were found along the west
ern side o f the Gulf (>2.3%) which drains the 
forested and mountainous Osa peninsula and 
the mangrove forest of Rincon . The levels 
decreased across the deep basin to the eastern 
Gulf (1.3 - 1.8%). Nevertheless, these values 
are higher than TOC in other nearshore subtidal 
tropical soft sediments (typically < I %. Alongi 
1989). 

Up to the Victor Hen sen Crui se, there has 
been only one benthic faunal study. in form of 
a grab-survey (Nicholl s-Dri scoll 1976). The 
recent Victor Hensen collections include cores 
for analyses of meiobenthos and macrobenthos 
and trawl to ws for demersal fi sh and macroin
vertebrates. Pre liminary results confirm the 
azoic nature of the deep anox ic basin already 
o bserved by Nichol s-Driscoll, and an overall 
lower species richness than_ in Gulf of Nicoya. 
Coral reefs , howe ver. have been studied in 
detail (Cones 1990. 1991. 1992). Reefs in the 
inner Gulf are either dead or severely degraded 
by si ltatio n. Reefs closer to the o uter G ulf, 
away from major river inflow. however, appear 
healthy. Secchi depths in Golfo Dulce observed 
recently (Victor He nsen Cruise) ranged from 
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was 50-6Om deep_ The only accounts of plank
ton are some sporadic observations in the early 
1990s. macrozooplankton and ichthyoplankton 
tows of the Victor Hensen cru ise (Wolff & 
Vargas 1994) as well as punctual community 
productivi ty and respiration rate measurements 
(Kuntz et. al. 1975 ). High numbers of phyto
plankton. nanoplankton (Oagellates) and bacte
ria were recently observed in the surface water. 
They dropped rapidl y. to < 10% of the surface 
value at 40m (Hartman n & Acevedo-Gutierrez 
1996). Phytopl a nkt o n was domi nated by 
di atoms and dinoflage ll ates. and red- tid e 
dinoOageliates occurr. Below 40 m, dead phy
toplankton prevailed. along with some bacteria 
(Vfquez and Hartm ann . in prep.) . Bacteria 
increased aga in near the bottom , and were 
characterized by autotroph ic cells containing 
sulfur granules. Sul fate-reduci ng bacteria were 
present in the surface water and also near the 
bottom, but not in the middle water column 
(Thamdrup 1994). High rates of oxic respira
tion we re measured above the pyc noc line 
(Thamdrup 1994). Nevertheless, as for phyto
plankto n abundance, values dropped rapidl y 
from the surface to the pycnocline. Some data 
reported from the 1970's Thompson cruises 
indi cate equ a ll y stro ng strati fi c ations of 
nanoplankton primary production and of ATP
carbon biomass. The same cruise dala showed 
thai water-column productiv ity and chloro
phyll a were much lower than recentl y mea
sured in the Gu lf of Nicoya, corresponding to 
average values of mesotrophic tropical shelf 
waters. Photosynthesis and respiration in the 
water column were relatively well balanced 
(P:R 0.9 to 1.2 including net zooplankton ), 
whi c h is unu sua l for tro pi ca l es tuarie s. 
Nanoplankton contributed over 85% to respi
rat ion in the photic zone, compared to <15% 
for net zooplankton (Hartmann & Acevedo
Guti t!rrcz 1996). Ichthyoplankton and macro
zoop lankto n co ll ection s from th e Victor 
He nsen crui se show differe nces in volume 
and species composition betwee n inner and 
outer Golfo Dulce. Detriti vorous zooplankton 
(e.g. ostracods) and some offshore species of 
copepods and chaetognaths were found to be 
important components of the net zooplankton 
in inner Golfo Dulce (Hossfeld er ai. 1994). 
Overall , the plank ton vo lumes were lower 
th a n in the hi ghly prod uc ti ve Golfo de 
Nicoya. 

While divers ity of demersal fi sh and inverte
brates is comparably low (Wolff & Vargas 
1994), pelagic fi sh, pelagic birds, and large 
pelagic predators appear more d iverse and 
abundant than in typical trop ical estuaries 
(Acevedo - Gutit! rre z 1995. Hartma nn & 
Acevedo-Gutierrez 1996)_ 

Based on the above infonnation, a conceptu
al transect of the oceanographic features of 
Golfo Dulce has been elaborated (Fig. I b). 

Basic modelling approach: The core rou
tine of ECOPA TH II basically consists in usi ng 
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 (0 
= 0, for all j, 

or: 

w""~ 
Pi'" the prodllcdon of (l)(&m-2y-t) 
Bi'"' the biomau of (i) (Cm-2) 

(l a ) 

M2; ,," !he ~tioo monatity of (i)(y-t) 
EEj :: the Ecotrophic Efficicncy of (i) (fraction o f 1) 
I-EEj"' !he "oIhcr mottality~ {):-I) 
EXi ': the Cllport of (i)(lm-ly-t) 

Thus, the total prod uction by group (i) is 
ba la nced by predati o n fro m o ther groups 
(Bj - M2i)' by non-predation losses (Pi(1 -EEi» 
and losses to other systems. e.g. sedimentation 
and fi shery . Since production is more conve
niently estimated from the productionlbiomass 
ratio (PB) and the average annual biomass (B). 
it is ell.pressed as (Pi :::: Bi • PBi)' Predation 
mortality depends on the activity of the preda
tor and can be ex pressed as the sum of con
sumption by all predators U> preying upon 
group (i). i.e. 

(Bi·M2i) '" IjBj · QB;· DCji 

Equation (1 a) can be re-expressed as: 

whe« 
PSi :: productionlbiomass ratto (y-I) . 
QBj '" ct)IIslimpiioNbioml$$ ratio of the predator j (y- t ) 

"'" DC ji .. fraction of the prey (il in the .vcrqe diet o f 
predator j. 
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Two of the three parameters B. PB and EE 
have to be set initiall y for each group. The 
remaining parameter is computed by the soft
ware. Panicularly for some lower-trophic level 
groups, EE is sometimes changed by the pro
gram, even when P or PB are treated as initial 
unknowns. QB of a compartment can also be cal
culated by lhe model and uealed as an unknown 
in initial panunetrization. if information is avail
abk on the amount of prey entering the compart
menl. For further details of the ECOPATH n 
model SlrUClure see Olristensen & Pauly ( 1992). 

Selection of model groups (compart
ments): As a first step in defining the model 
compartments, avail able information on bio
mass, catches. PIB ratios. consumption rates 
(QIB). as well as growth - and mortalily rates 
fo r the species/group s of the sys tem was 
assembled from the literature. landing slatistics 
and own research dala. For most fi sh species. 
QIB was calculated using the aspect ratio of the 
caudal fin (Palomares & Pauly 1989 ). The 
weight dependent model of Palomares (1987) 
was applied to morays & eels. As a next step, 
species of sim il ar sizes. diets. consumption 
rates. mortali ty and production rates were 
grouped within a compartment. As a result, a 
20 • compartment model was developed (Fig.2) 
consisting of the fo llowing groups: 

(I) Dolphins, (2) Birds, (3) Carangids , (4) 
Rays and sharks. (5) Snappers & Grunts, (6) 
Morays & Eels. (7) Pufferfish, (8) Catfish, (9) 
Fla tfi sh. (10) Li zardfish. (II) Serranid s & 
Scorpaeanids, ( 12) SmaJl Demersals (<2Ocm), 
(13) SmaJl Pelagics, ( 14) Portunid Crabs, (IS) 
Shrimps , (16) E pibenthos > IOmm, ( 17 ) 
Benthos <10mm, ( 18) Zoop la nkto n. ( 19) 
Phytoplankton, (20) Bacteria. 

Table I summarizes the parameter values 
obtained for these groups and used as initial input 
for the ECOPATH U program. lnfonnation to set 
the diet matrix was taken from literature sources. 
unpublished uni versity reports and from own 
observations (see Table 3). 

For the phytoplankton biomass, the follow
ing conversions were used: Chl.a to carbon, 
2S: I ; carbon to dry organic matter, I : 2.S; dry 
to wet weight organic matter. I: S (parsons t t 
al. 1977). For the biomasslm2 estimates for 
phytoplankton. zooplankton and bacte ria, the 
average depth of the euphotic layer of the gulf 
(sOm) was considered. 

Balancing the model: The first step in veri
fying whether the model output was realistic. 
was to check if the ecotrophie efficiency (EE) 
was < 1.0 for all companments, as values > 1.0 
arc inconsistent (it is impossible that more bio
mass is used than produced by a compartment); 
if inconsistency was detected. the B or PB val
ues were adjusted; as a second step, the GE 
(gross efficiency) and RIB values were: checked 
for their consistency by comparing them with 
literature data as were the missing QIB. PIB 
values caJculated by the program. TIle biomass 
of the group Small Benthos had to be estimated 
by the programme. Some modifications of the 
QIB and PIB of other compartments had to be 
done, but all these remained within narrow lim
its (max. ± 20% of the origina l input values 
used). Some larger biomass changes had to be 
done (or the following groups: (3) (rom 0.07 to 
0.15; (4) from 0.2 to 0.1 ; (5) from 0.02 to 0.1; 
( 13) 0.04 (00.38; (14) 0.01 (00.195; (15) from 
0.05 to 0 .13 1; (16) from 0 . 12 to 0.S5S . The 
changes (or the pelagic groups (3),( 13), ( 14) 
and ( 15) seem to be justified as our sampling of 
these groups was very inefficient. due to the 
demersal sampling gear. Group (4) might have 
been overestimated due 10 the fact that a single 
sample hit a dense shoal (32 specimens) of 
Musttlus lunu/atus Group (5) was probably 
undersampled as these fi sh are known to occurr 
primarily in rocky habitats not quantitatively 
covered by our sampling. 

RESULTS AND DISCUSSION 

Evaluation or the compartment parame· 
ters: Fig. 2 shows the compartment model for 
the "balanced" Golfo Dulce ecosystem . The 
boxes are aligned along the y-axis as a function 
of the estimated trophic level and the area is 
proportional of the double square root of the 
biomass. Table 2 summarizes the input values 
for the fi nal run and those that were computed 
by the programme. 'The diet matrix is shown in 
Table 3. 

The parameter estimates of the programme 
seem reasonable. The gross efficiencies (GE) 
(or the fi sh and invertebrate compartments are 
between 0.089 and 0.289, in the range reported 
by Mann (1982) and Caddy & Sharp ( 1986). 
Our Zooplankton value (0. 187) is within the 
range reported by Conover (1974). The GE for 
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TABLE I 

Golfo Dulce. Modd - inpu/ dala and Ii/era/14ft sourus 

'~P biomass I u kh 2 PfB 3 QJB' UlulIlure 

" 
estimate based on Acevedo (1992): 3+4: own cst in'lales 

(I) OoI.phlns 0,010 O.OS 28,00 

: own estimate; 3+4: Muck & Pauly (1981) 
(2) Birds 0,011 O.DJ 70,00 

) Wolff & Je~o;e (1994): 2: landing ~ulli~tics: 3: own e.~ti -
(3) Carangids 0,070 0.014 0.70 1,90 

mate. 4 : a.~pect ratio 
I: Wolff & Jcs.o;e (1994): 2: landing .~hU .: 3: Plluly & ellri . 

(4) Rays/ Sharks 0,200 O.OSO 0,00 2," sten5C1\ ( 1993); 4 :W ... model or Palomares (1987) 
I: Wolff & Jesse (1994): 2: [Mding sUUiSlics; 3: Pauly & 

'"~ Snappen I Grunts 0,020 0,050 0,75 4,30 C hristensen (1993). 4: a.~pect ratio 

I : Wolff & Jesse ( 1994); 2: landing mllislics; 3: own est;· 
(6) Morays/His 0,021 0,010 0,75 3,60 mate; 4;W"" model of Palornares ( 1981) 

I: Wolff & Je~o;e (1994): 3: own estimate ; 4: a.~pect ratio 
(7) PutTerlish 0,050 1.00 4,00 

) , Wolff & Je~se ( 1994): 2: landing Slati stics: 3: own C$;ti-
(8) Catnsh 0.003 0,001 0," 4,00 mate: 4: aspect r:l.li o 

I : Wolff & Jesse ( 1994): 2: landing Sialislics: 3: length 
(9) lllatOsh 0.070 0,020 1.90 6,50 frequency analy~is of catch data: 4: aspect ratio 

I : Wolff & Jesse ( 1994): 2: landing stali sti~ : J: length 
(10) Uzan:lfuh 0.050 0,015 1.00 5,50 frequency anal ysis of catch data: 4: aspect ratio 

I : Wolff & Je~se ( 1994): 2: landing statistics: 3: le ngth 
(II) Snranids I Scorpatnlds 0,040 0,020 1.1 0 5,20 frequency analysi~ of C1I.Ic h dab: 4: aspect ratio 

I : Wolff & Je.'se (1994): 2: landing statislics: 3: own e'lt i-
(l2) Demersals < 20 em 0.070 0,0 15 2,30 8,00 mate: 4: aspect ratio 

I : Wolff & Jesse ( 1994): Palacios & Phillips (1984):2: 
(13) S",all Pelalta; 0.020 0,020 4," 20,00 landing statistics;) : anal ysis of catch data: 4: a~pect ratio 

I : Wolff & Jesse ( 1994): Diue l et at ( 1985): Paul 
(14) Portunld Crabs 0.007 2.30 11 ,00 ( 1982):3:own eSlitnate: 4: own estimate 

I : Wolff & Je~se (1994): 2: landing stati stics: 3: Pauly & 
(15) Sh rimps 0.05 1 0,004 6,00 2 1,00 Christensen (1993): 4 : own C$;timate 

I : Wolff & Jesse ( 1994): 3: production model of Tumbiolo 
(16) Eplbtnthos> I em 0. 120 3,90 15,00 & Downing (1994): 4: own estimate 

3: production model of Tumbiolo & Downing ( 1994): 4 : 
(17) Btnlbos < I em 5,50 19,00 own estimate 

I : v. Wangelin & WoIff{ I996): 4 : Huntley & Lopez 
(18) Zoopla nkton 2.260 28,00 150,00 ( 1992) 

I : Kuntz et .al. ( 1915): Black.burn et al. ( 1970): Conover 
(19) Phytoplankton 3,750 100,00 ( 1974) 3: own eIltimate 

3: Vi nogrndov et aL ( 1911): 4 : own estimale 

"'" Bacteria 0,100 170,00 400,00 
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TABLE 2 

Golfo Dukt. Paromtltr va/IitS tllltrtd (ill bold) and caklllllltd by /ht ECOPA.TH /I . $oftM'art (stMdardJ. (UplaM/ion of 
s)'mbols: PlB, QlB. EE and GE Ut IIWttrialand ~thod uctiOll; FI: food illtiJU: HE.: Ntl t fflCit1lCY; R: rtspirotiOtl: 

A. : o..uimikllion) 

lroop me" biom .... P I B Q / B EE GE f1 NE R A R I A P / R R I B 

(I) Dolphin ~ 

(2) Binb 

UII D.~ 11." 0.000 0.002 0.29 0.002 0.235 0.235 0.998 0.002 2V~ 

..... ..., n." 0.000 0.001 0.17 0.001 0.61 5 0.616 0.99\1 0.001 ~~.9l 

()) Canngids 

(4) Rays I Shatlr.s 

•. n. O.UO 0.18 7." 0.907 0.0119 1.19 0.111 0.&43 0.948 0.189 O. IH ~.62 

• • ~ 0.100 .... 1,11 0.9)1 0.21 4 0.21 0.2611 0.164 0.224 0.D2 0.366 !.bot 

( .~) Snappers / GRlnls 

(6) Moray51 eels 

•• ~ 0. 100 '.75 4.J1 0.942 0.174 0.43 0.2 11 0.269 O .. ~ 0.782 0.2N 2.b9 

"'1' "'16 U5 3,60 0.982 0.208 0. 13 0.260 0.017 0.10. 0.740 0 .. U2 2.1.1 

(7) purrerfish "'16 1,00 4,OD 0,922 0.250 0. 14 0.3 13 0,019 O. II ~ 0.6&1 0.4~~ 2.20 

(8) Catfish .... 1 0.016 . ... 4.fI) 0.950 0.200 0.06 0.250 0.031 0.050 o.no 0.3.13 2.40 

(9) Fllllfish ... 21 ..... I." ue 0.943 0.292 0.S6 O.:I6.~ 0.284 0.441 0.635 0~176 .1.;10 

( 10) Liurdfish "'1.5 .,t54 1.01 5,58 0.960 0.182 O.JO 0.227 0,184 0.238 0.77.1 0.194 .1,40 

( II ) Sc: rran~ I ScorpaefIMIs ... 2I ..... I, ll .5.20 0.957 0.2 12 0.25 0.264 O. I ~ O.lO4 1-160 OJW 3.06 

(12) Dtmen.aJs<20em 

( 13) Small Pelagia 

(14) PonunMi CrW 

( 15) Slvimp!i 

"'15 0.184 lJf ..... O.HI 0.287 L47 OMU 9 0,755 1.1 11 0.6011 OM'I61 4,10 

"'21 0.380 ..... 11'" 0.916 0.240 7.60 O_lOO 4.ll6 6.080 0.700 0.429 11.20 

0.195 lJf II.DI 0.958 0.209 2.14 O.26 t 1.267 1.7 16 0.7.19 0.354 II "~ 

""" 0. 131 Uf lUG ',tSO 0.286 2.75 0.3~7 1.413 2.198 0.64 ~ 0550 10.110 

(1 6) EpibcnthO!>,. I em 

( 17) Benth()!; < I em 

( 18) Zooplank.ton 

0.55~ l.M 15.00 0,'50 0.200 8.J2 0.32~ 4.4~~ 6.6.\9 0.675 0.48 1 8.10 

1.628 !$ 19.00 0,910 0.289 30.92 0.362 1 ~.7 81 24.740 0.638 0_~1 9.70 

U60 lI.M 150.00 0.746 0.187 .HMO 0.23~ 201.920 271.200 0.761 0_1D4 92.00 

3.7~ I ..... 0.727 ( 19) PI1 ytopiankloo 

(2 1) Bacteria 

(22) De1ritus 

0.700 171 .......... ',512 0.415 280.00 05)2 105.000 224.(0) 0.469 1 . 1 3~ 1.'00.00 

0.765 

Bacteria calculated (0,43) is near the value of 
0.5. reponed by Calow (1977). The respiration 
to assimil ation ratios (RIA ) are as expected 
form co mpiled literature data give n in 
Humphreys (1979) and Huebner &. Edwards 
( 198 1 ), 

Trophic structure, transfer efficiencies : 
The pelagic domain contains about twice the 
biomass of the demersal compartments (7.25 
compared to 3.28gm!) (Fig.2. Table 5), wilh 
the highest food intake ac hieved by 
Zooplankton (339g1ml ). fo ll owed by Small 
Pelagics (7.60glml), Carangids ( 1. l9g/ml), 
Sea Birds (0.77g/m 2) a nd Dolphins 
(O.29g/ml). In our model , bacteria ingest about 
280 glml of detritus' of which 15% is derived 
from mangrove litter exported into the system 
(estim ates based on Hartmann &. Acevedo
Guti6rrez 1996). 

Within the demersal domain. the benthos 
compartments (16. 17) contain about two thirds 
of the biomass (2. IOg/ml) and account for a 
food intake of about about 38g1ml). Demersal 
fi sh (companments 4 - 12) represent only 0.7g 
of the total benthic biomass and account for 
about 3.60g food intake/mI. Of lhe fi sh groups, 
Small Demersals account for most of the bio
mass consum~tion ( l .47g1m:,), followed by fl at
fi sh (0.56g1m ), Snappers &. Grunts (0,43g1ml) 
and others (0.3 glml). 

According to the model resul ts. a significanl 
part of the production of the Plankton compart
ments ( 18, 19,20) is not directly used in the sys
tem (seen by their rather low EE-values) and 
enters the deuitus pool, of which Bacteria use 
about 80 % (238g/ml). 

Although pelagically driven, the system has 
relatively low biomass of pelagic predators and 
our respective model estimates could be ques-
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TABLE 3 

Golfo Dt.w. Prry-prwltuor -.1m MSflJ for 1M ECOPATH /1- .-kL NlUflNn rq .... ......, ..... itN /rfIl:tiotu o{jotNI ~MJ 

group 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 20 

(I) Dolphins 

(2) Birds 

(J) Carangids 

(4) Rays I Sharks 

(5) Snappers f Grunts 

(6) Moray~ I cds 

(7) Puffcrli ~ h 

(8) Catfish 

(9) flaTfi sh 

(IOJ Lizardfish 

( II) Semmids/ Scorp. 

0,13 

0.02 

0,01 

0,01 

0,10 

0,04 0.05 

0,03 0.04 

0.1)6 Om 0,06 

0.D3 0,02 

O.O~ 0.05 0,07 

0,03 0,02 0,04 

0,08 

0,03 

0.05 0.10 0,03 

0,0'<; 

0,Q3 0,]0 

( 12) Demerimls < 20 em 0,01 0.02 0,07 0.10 0,14 0,1.'1 0.12 0.10 0.20 0,30 0,04 

(13) Small Pelagics 0,760,830.550.11 0.180,07 0,05 O.l:'i 0,05 om 
(14) Ponunid Crnbs 

(L'I) Shrimps 

(16) Epibcntho!; > I em 

(17) Benthos < 1 em 

(1~) Zooplank.ton 

( 19) Phytoplankton 

(20) Bacteria 

(21) Detritu.' 

Impon 

Ljterature sources : 

0.06 

0,01 0,05 0. 150,080,10 0,10 O,IS 0,05 0.10 0.10 0.04 

0,080. 11 0. 13 O,O.:'i O,160.200.I.'IO,100,tO 

0.06 0,03 0. 18 0.17 0.28 0.500.2 1 0.32 0.20 0.30 0.20 

0,05 

0.10 

0.200, 100,05 

0.100,02 0. 14 0.15 0.08 0.25 0.22 0.28 0,05 

0.25 

0.37 0,20 0,23 0,40 0, I I 

0.22 0.90 0,21 0,150, 130. 10 

0.10 0.21 0.130.300.77 

0.43 0,25 0,27 0.46 0.13 

0.1I.'i 

0.1.'i 

I) Wuertz & Marraele (1993). Kastclein (1993), McKinnon (1994); 2) Muck & Pauly (1987): 3) 
own data, Randall (1967), Vasconce los Fi lho ~ (1984), Popov a & Serra (1983). Brewer et al. 
(1989), Sudekum et al. (1991. Bussing & Lopez (1994»; 4) own data, Randall . (1967), Salini m 
!:I.L ( 1990), Gi ll iam & Sullivan (1993), Bussing & Lopez (1994); 5) own data, Popova & Serra 
(1983). Campos & Corrales (1986). Sa li ni.tl...i!L. (1990). Sze1itowski (1990), Bussing & Lopez 
(1994); 6) own data, Bussing & Lopez ( 1 99~·); 7} own data, Bussing & Lopez (1994); 8) Sheri
dan m....al. (1984), Rcis ( 1986), Yanez- Arancibia & Lara- Dominguez (1988). Rojas- Beltran 
(1989). Salini ~ (1990), Ti lney & Hecht (1990). SzelilOwski (1990). Bussing & Lopez 
( 1994); 9) own data. Mac Pherson (1978), Szelitowski (1990). Garcia- Abad t1...ill (1992). Bus
sing & Lopez (1994); 10) Sweatman (1984), Vasconcelos Filho!a..aL. (1984), Bussing & Lopez 
(1994); 11 ) own data, Salini tl...al. (1990), Bussing & Lopez (1994): 12) CamlX's & Corrales 
(1986), Szelilowski (1990). Bussing & Lopez (1994): 13) Okera (1973), Vasconcelos Filho ~ 
(1984), Campos & Corrales (1986). Szelitowski (1990), Bussing & Lopez (1994): 14) Laughlin 
(1982). Williams (J982); 15) Moriarty & Barclay (198 1), Frog lio & Gram itto (1988), Stoner & 
Zimmerman (1988); 16) Giovanardi & Manfri n ( 1984)perez & Bell wood (1988), Nojiima 
( 1989), Tokeshi t1Jl1 (1989) Manjulatha & Babu (199 1), Frid (1992). Woods (-1993). 17) own 
data, 18) Petipa kU.l (1977); Phytoplankton (19) is producer not consumer; bacteria (20) are as
sumed to degrade detritus: other IX'tential detritivorcs are considered 10 mainly feed on hacteria 
growing on detritus. 

tioned, especially as there was a great lack of 
dala for the pelagic compartments. The pelagic 
fish, however, consumed annually by the top 

predators Carangids (O.65g/ml), Bi rds 
(O.64g/m2) and Dolphins (O.22g/ml) amount to 
about 11331 for the whole gulf area (750km1), 
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which is more than twice the consumption of 
demersal fis h (0.67g1ml or 502t for the whole 
gu lf area taken by Serranids & Scorpaeanids, 
Rays & Sharks, Small demersals and others). 
Fisheries annualy harvest an additional 164t of 
primari ly demersal species. These comparisons 
underline the fact that most biomass is cycled 
with in the pelagic part of the system. 

Finall y, th e mod el indi cates tha t more 
shri mps are consumed within the gulf than 
demersal fi sh (0 .74g1ml) and even Portunid 
crabs are a very important food so urce for 
many compartments (0.42g1m1

). 

The Transfer efficiencies calculated (Table 
4 ) are close to the 15% value proposed by 
Ryther ( 1969) for coastal zones and in the 
range (10·20%) commonly reported in the liter
ature (Odum 197 1 ;Barnes & Hu ghes 1988). 
They are, however, at the upper end of average 
values found by Christensen & Pau ly ( 1993) 
(8%- 14%). Fig. 3 shows a modified Lindeman 
pyramid, in which the volume of each trophic 
level compartment is proportional to the total 
throughput at this level. 

Ecosystem flow indices, summary statis
tics: The model estimates a Total sys tem 
throughput (T), i.e. the sum of all flows (con
sumption, exports, respiratory flows and flows 
int o detritus) o f 1405 tlkm l/year (Table 5), 
which is low compared to other coastal systems 
presented by Christensen & Pauly (1 993). It is 
about 66% of what is reported for the North 
Co ntin e nta l She lf Ecosys te m o f Yucatan, 
Mex ico by Arreguin-Sanchez t! t. al. ( 1994) and 
only about 7% of what Wolff (1994) reports for 
a bay system in Northern Chile. Fig. 3 shows 
that abo ut 93% of the throughput is achieved 
from the trophic levels I to II (52%) plus II to 
III (41 %). About 48% of the total is due to con· 
sumption, 5.2% is exported (sedimentation and 
fi shery), 22% flows into the detritus and 25% 
are respired. 

The tota l primary production/ respiration 
(PIR) ratio calcul ated by the model ( 1.091) 
(Table 5) is similar to estimates obtained from 
in-situ primary production and plankton respi· 
ration data (P/R = 0 .9 - 1.2, Hart mann & 
Acevedo-Gutie rrez 1996). The system thus 
resembles open ocean conditons, where pro
ducti vity and respiration tend to be balanced 
(PIR .. !, Chri stensen & Pauly 1993) and where 
primary productivity is comparati vely low. lbe 

,, ------k - - ----- ... 
, ... 
,, -----f+ ~r'c----- 5,'" 

"' ------1-+ -\--\---- .. , . 
" -\----\,-JI.I .. 

MI. 3. Golfo Dulcc. Modirted Undeman pyramid of flow.; 
the volume of eal:h di~e lrOphic level is propot1ionallo 
the throu&hput (tolII flow) It that level; the bottom com· 
partment feprc5enu herbivoty (trophic Ievet iI). 

TABI.J:4 

Golfo Dwtu. Transfer efficiencies (TEJ/or each trophic 
Itvtl: T£ cpmporticm of trltrgy tratufuud f rom OI1t 

trophic level to 1M nut 

Source II III IV V VI VII VIII 

~ 2U 12.1'> 16.2 11.9 I~. I 1(.( 

22.2 U 20.8 IS.S 16.2 17.9 1(.9 
13.7 II . ' 17.9 IU 16.1 IS..s 14.1 

system biomass of about t Oglml is very low, 
lower than for anyone of the 41 trophic mooels 
presented by Christensen & Pauly ( 1993). Even 
in the above-menti oned model o f the North 
Continental Shelf Ecosystem of Yucatan, total 
system biomass was six times that Golfo Dulce 
value (65g1ml). A system picture emerges in 
which the biomass and energy fluxes are con· 
centrated in the pelagic environment, but where 
a certai n degree of benthic pelagic coupling 
still takes place. The. fisheries mean trophic 
level (5.3) is very high and reflects the fact that 
most fi shery targets are demersal predatory fish 
which themselves feed on high trophic levels. 
The low gross efficiency of the fishery (catch! 
primary production) (0.06%) underlines the 
above statement and clearly shows that most of 
the system's production (which occurs in the 
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TABLES 

Golfo Dulu. (0) $lImmory I/O/utics; (bl N~twQ,I:f1ow indiu!. For fUrlhu txplanaliorl$ su Itxt an.d ChriSft1UtN d POlily 
( 1992) 

(a) S ummary statistics 

sum of all consumption 

sum o f all exports 
sum of all respiratory flow s 
sum of all flows into detri tus 

total system throughput (T) 

sum of all production 

fi shery"s mean trophic level 

it 's gross efficiency (catch! prim. prod.) 

100ai ne t primary prodoction (W ) 

10lal PP 'Iotal respira tion (R) 
total hiomass I tOlallhroughptJl 

tOlal biomass (exc1. detritus) 

pelagic biomass 
total catches 

(b) Network now indices 

Source 

lmpon 
Inlernal flow 

E~po" 

Respiralion 

Total s 

Throughpul cycled 
Finn 's cyet ing index 

Mean length or palhways 

Ascendenc), 

AowbilS 

97.1 
1019.9 
158.4 
375.3 

16S1.J 

37.9 
18.9 

3.37 

pelagic part of the system) is not harvested. 
Harvest ing these pelagic fi sh. however. would 
se rio usly redu ce the food suppl y for 
dolphins.birds, and other large migrating preda
tors. which are direct competitors for a pelagic 
fishery of the gulf. 

If we rank the Golfo Dulce system on a 
ecosyste m maturity scale, a milled pi cture 
emerges. According to the PIR ratio calculated 
(P/R= 1.09), the system appears near maturity. 

% 

1.9 
19.9 
3. 1 

7.3 

32,2 

616.6 
73,2· 
343.8 
311 

1404.6 

572.5 

5.3 
0.0006 

375 
1.091 

0,007 

10.431 
7.25 

0,219 

Overhead 

Aowhils 

115.2 
2]70.1 
156.4 
835.7 

347' 

11 km 2J year 

·sedimentluion and fi shery 

values in g I m2 

Capacity 

% Flowbits % 

2.2 2lJ 4.2 
46,2 3390.6 66.1 

3 31 4.8 6.1 
16.3 l2 11 23.6 

67~ 5129.4 100 

(% of 100al lhroughpu1) 

A further ind ication thereof is its high mean 
transfe r effic iency ( 15%. Tab le 4). wh ich 
ellceeds that of most of the systems reported by 
Christensen & Pauly (1993). According to the 
PIB ratio for the whole system (35.9). on the 
other hand, Golfo Dulce seems to occupy an 
intennediate position on the maturi ty ranking 
scale (Christensen & Pauly 1993). This seems 
confirmed by the degree of energy cycl ing -
assumed to increase as systems mature (Odum 
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1969) - which is also intermediate (Finn 's 
cycling index FCI= 18.9%, Table 5) compared 
to the 41 systems reported by Christensen & 
Pauly ( 1993). The low Ascendency/Capacity 
ratio (AC = 32.2%, Table 5), also rather suggest 
a relatively inmature system dependent on 
external flows (Baird & Ulanowicz 1993). This 
low AlC value can partly be explained by the 
low total system throughput (and biomass), 
which fonns part of its calculation. The follow
ing reasoning might explain the contradiction 
regarding the degree of the gulf's maturity: con
trary to most tropical coastal systems, Golfo 
Dulce has a depauperated benthic domain with 
very little energy cycl ing. Much of the detrital 
matter produced within the euphotic zone enters 
this domain were most of it is sedimented away 
and does not - like in other coasal systems -
reenter the food web. Thus, whereas the pela
gial might be considered as a tightly coupled 
rather mature (sub) system, the Golfo Dulce as 
a whole lacks this degree of maturity due 10 a 
very inefficient benthic pelagic coupling, which 
results from its fjord-like topography. 

At this stage, the results of the modelling 
exercise should be viewed as a preliminary 
approximation of the structure and interactions 
of of the system. It should be stressed that some 
of the input values are rough estimates only and 
others are still lacking. First, the structure and 
roles of the microbial compartments (including 
phytoplankton) and of detritus lack detail. The 
model would gai n considerable reality if the 
entire "microbialloop"- components" as well as 
detritus (separated into particulate and dissolved 
organic matter), were included and partioned 
into benthic and pelagic compartments (e.g. 
Pace et at. 1984), and detritus consumed by 
detrivores other than bacteria. Second, pelagic 
compartments lack complexity (there are only 6 
pelagic compartments, compared to 13 demer
sal compartments), due to incomplete pelagic 
fish sampling, and lack of data on dolphin 
spec ies ot he r tha n Tursiops truncatus 
(Acevedo-G utierrez 1995), on bird biomass, 
and on crucial lower- level consumers such as 
microzooplankton «200um). Information is 
also lacki ng on some benthic compartments 
(e.g. meiobenthos and microbenthos) and on 
abundance and productivity of benthic algae. 
Third, the diet matrix was assembled from a 
wide range of litemture sources, some of which 
contained only qualitative data. 

Finally, imports and exports (apart from 
catches) are not sufficiently considered in the 
model. Thus, the imports from mangrove pro
duction remain highly speculative. The carbon 
balance resulting from ri ver and ocean trans
port is unknown. The discovery of turbidites in 
the sediments indicates that much of the organ
ic matter from rivers may be directly entering 
the deep inner basin, foregoing interaction with 
the pelagic system (Hebbeln , 1994). Birds, in 
particlular pelicans (often seen migrating by 
flocks of 10 to 100 individuals) and fregate 
birds and herds of large whales, sharks, as well 
as turtles are known to migrate daily or season
alIl y through the gulf and may thus also alter 
the biomass budget of the gulf. 

Despite these shortcomi ngs, we feel that the 
model gives a coherent picture of the Golfo 
Dulce ecosystem and quantifies conclus ions 
derived from more general observations (e .g. 
Hartmann & Acevedo - Guti errez 1996). It 
show s that Gol fo Dulce acts different from 
most tropical coastal ecosystems, as it is domi
nated by biomass and energy flow within the 
pelagic domain and resembles rather an open 
ocean system than an estuarine one. Due to its 
low benthic biomass and productivity there 
seems no potential for a further development of 
the demersal and semi-demersal fishery of the 
gulf. An increase of the fishing pressure on 
pelagic fish would seriously threaten the large 
resident predators, such as dolphins and sharks. 
The model's shortcomings indicate that future 
ecosyste m research in Golfo Dulce should 
focus on the pelagic pan of the gu lf (microbial 
loop, plankton, and nekton), on the small ben
thos, as well as on transfer processes within the 
pelagic domain and between the pelagial and 
the benthos. 

RESUMEN 

Golfo Dulce es un cstuario tropical profundo y 
su ecosistema es poco conocido. Para evaluar la 
distribuci6n de biomasa. flujo de energfa, poten
cial reproductivo, asi como obtener gufas para su 
administraci6n y conservaci6n, se elabor6 un 
modelo "de estado estable" de 20 compartimemos 
(excl uyendo detritus) con el program a ECO
PATH II. La biomasa IOlal del sistema (lOA 
tlm2) y el flujo total de energfa (suma de todos 
los flujos, T = 1405 tlkm2/ai'io) son pequci'ios en 
comparaci6n con 01TOs ecosistemas costeros para 
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los qu e ex is ten modelos equiva lente s. EI 
mayor paso energctico es de los niveles tr6fi
cos primanamente pe]agicos I a 11 (52%) mas 
n am (4 1%). La biomasa de peees pelagicos 
consumida por los depredadores ma yores 
(aproximadamenle 11 331) sobrepasa el doble 
de la biomasa de peces demersales consumidos 
(502t). La pesqueria artesanal afeela principal
mente los niveles Ir6ficos superiores del gropo 
bent6nico y liene una baja efi cie ncia bruta 
(captura/producci6n primaria :::: O.06%), Una 
proporci6n casi balanceada de producci6n1res
piraci6n (PIR:: J .09) y una alia lasa media de 
eficiencia de transferencia ( 15%) sugieren que 
el sistema se aeerea a su madurez. pero no 
coinciden con ello la baja "Ascendencia" 
(A=32.2%) y la alta Capacidad de desarrollo 
(DC=67.S) calculados por analisis de la red, 
que por su parte sugieren un sistema relativa
mente subdesarrol\ado, con poca estabilidad 
inlerna (Baird & Ulanowicz 1993). Este mode-
10 revela que e l Golfo Dulce funciona de una 
manera diferente a la de 18 mayona de los eco
s istemas costeros tropicales: esta dominada 
por e l flujo de biomasa y energfa dentm del 
grupo pelagico y se asemeja mts a un sistema 
oceanico abierto que a uno estuarino. Debido a 
su baja biomasa ~ntica y baja productividad 
general. no parece haber potencial para un 
desarrollo ulterior de la pesquena demersal y 
semidemersal dentro del golfo. Un aumenlO de 
la presi6n de pesca pelagica amenazaria grave
mente las poblaciones de depredadores resi
dentes como delfines. tiburones y aves 
grandes. que tienen considerable importancia 
en co nservaci6 n y ecoturismo. La investi
gaci6n futura del ecos istema de este golfo 
deberfa co ncentrarse en la parte pelagica 
("'azo" microbinano, plancton y necton). el 
bentos pequeno. los procesos de transferencia 
dentro de la secci6n pelagica. entre la pel<1.gica 
y el bentos y en las interfases do-golfo y 
golfo-oceano. 
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