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Quantitative sampling by cast-nct, seine-nci and bcam lrawl providcd data conccrning the 
dist ribution , relative abundance , migrations and composition of populations of pcnacid 
shrimp, portunid crabs and dominant fish spccics in the Huizachc-Caimanero Jagoon syste m 
on the Pacifie coast of Mexico. Data concc rning lagoon hydrography wcrc also obtaincd and 
qualitat ive st udics wcrc made of the lagoon vegetation , bird fauna and benthic infauna. 
PenaellS (Lilopenaeus) \lQnnamei Boone and Penaeus (LilOpenaeus) slylirosifis Stimpson were 
the dominant pcnaeids and, numerieal1y, Life stoli[era (Jordan and Gilbert), Anchoa 
panamensis (Steindachne r) and Mugil curema (Cuvier and Valenciennes) were the dominant 
fi sh species within the lagoon. Two species of ponunid crab , Collinec/es arCl/alUS Ordway and 
Callinectes loxOIes Ordway , oceurred in the lagoon with the forme r by far the more abundant. 
Population densities o f shrimps, crabs and sorne fi sh speeies were generally highe r in the 
" esteros " and canals than in the open lagoons. Crabs and fi sh were bOlh seasonally 
abundanl , maximum biomasses occurring in the dry season. 

Postlarval penaeid immigration was maximum in the wei season. Subseq uent growth was rapid 
and estimates of growth rate of up 10 0.4 mm carapace length/day were obtained for 
P. \lanl/amei. Growth rate eSlimates were also obtained for C. arcl/oms and sorne fi sh species. 
The nalural diets of penaeid shrimps and portun id erabs, and the feeding modes of sorne 
impona nt fish and bi rd spccies arc discusscd. Models of the lagoon system are presented and 
discussed. 

Oaallol. Acm, 1982. 
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lagoons. 

Écologie et pêcherie de Penaeus d'une lagune côtière du Mexique Occidenta l 

Des prélève ments quantitatifs réalisés par " cast-net .. , " sei ne· net lO, et " bea m-trawl lO nous 
onl permis d'obtenir des données sur la distribution, l'abondance relative , les migrations ct la 
composition des popu lations de crevettes pénéides, des crabes ponunides ct des espèces 
dominantes de poissons dans le système lagunaire de Huizache-Caimanero sur la côte 
pacifiquc du Mexique . Nous avons également obtenu des données sur l' hydrographie. ct , en 
outre , réalisé des étudcs qualitatives sur la végétation, les oiseaux et la faune bent hique des 
lagunes. 

Parmi les crevettes pénéides, PenaellS (li/Openaeus) \lal/namei Boone ct P. (Litopenaells) 
sfyliroSfris Stimpson sont dominantes ct, numériquement , Lile stofi[ero (Jordan ct Gilbert). 
Anchoa pallOn/el/sis (Steindaehner), MI/gil curema (Cuvier ct Valencien nes) sont , parmi les 
poissons, les espèces dominantes à l' intérieur des lagunes. Deux espèces de crabes 
ponunides: Caflùzectes arcuaws Ordway ct C. fOXOfes Ordway existe nt da ns la lagune, la 
première étant de loin la plus abondante. Les de nsi tés de populations de crevettes, de crabes 
ct de cenaines espèces de poissons sont généralement plus élevées dans les" esteros lO ct les 
canaux que dans les grandes lagunes. Les crabes ct les poissons sont tous deux d'abondance 
saisonnière , leurs biomasses maximales se situant pendant la saison sèche. La migration des 
post larves de pcnaeidae est maximale pendant la sa ison humide. En conséq ue nce , la 
croissance est rapide ct des taux de croiss.1nce de 0 ,4 mm/jour de la longueur de la carapace 
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0 01 été obtenus pour P. vomwmâ; on a égalemem oblenu des estimai ions du taux de 
croissance de C. arcualIIs ct de ce rtaines espèces de poissons. 

Les nourrilU res nalurelles des crcvelles pénéides Ct des crabes porlUnides, ainsi que les modes 
d'alimenlation de certains poissons ct oiseaux importanls som discutés. Les modèles du 
système lagunaire sont présentés ct discutés. 

Occonal. ACla, 1982. Actes Symposium International sur les lagunes côt ières, 
SCOR/IABO/UNESCO, Bordeaux , 8· 14 septembre 1981, 383·388. 

INT RO DUCTION 

The Huizac hc-Caimanero lagoon system, like most o thers 
on the Paeific coast of Mexico, supportS an important 
scasonal fishe ry for pcnaeid shrimp. Young shrimp emer 
the lagoon and. l'If te r a rapid growth phase , arc eaught near 
art ificial exit barriers (" tapos ") as Ihey migrale back to 
the ocean (Edwa rds. Bowers, 1974; Edwards, 1978 a). 
Regisle red shrimp calches in th is lagoon system varied 
belween 1014-1348 tonneslyear during the pcriod 1976-1979 
( Blake et al.. 1981). PerUH!!1S (Li/openacus) vannamel 
Boone and P. (Lilopenaells) slyliroslris Slimpson form the 
basis of commercia l lagoon shrimp fishe ries in this area of 
Mexico and in sorne months are a lso importrmt in the 
coastal trawler sh rimp fishe ry (Chapa , Soto, 1969 ; Soto, 
Bush. 1973), P. (Farfantepenaells) califomiensis Burken· 
road and P. (Forfamepenaeus) brevirostris Rathbun a lso 
occur in the lagoons but arc more typical of the coastal 
rishery. Ot her risheries in the lagoon system are much Jess 
developed and principally exploit finri sh 5uch as the mullet 
(Mugil Cl/ rema Cuvier and Valenciennes), portunid crabs 
(Collinec/es arclla/llS Ordway and C. 10XOies Ordway) and 
oysters (S/rios/rea iridescens). 
Between 1973 and 1979 a joint projeet existed bctween the 
Depanmenl of Marine Biology of the University of Liver
pool and thc Centro ùe Cieneias dei Mar y LimnologÎa of 
the National Autonomou$ University of Mexico (UNAM), 
wilh funding for British part icipation from the Overscas 
D('vdopment Administration. The purpose of the projeet 
was to slud)' lagoon ecology, wit h particular rcference to the 
populations of penaeid shrimp, portunid erabs and domi
nant fish spccies, with an eventual aim of formu lating plans 
to improve fishery management. 
The present paper gives a revicw of sorne of the aspects of 
research undertaken by the University of Liverpool team. 

STUDY AREA 

T he Huizache·Caimanero lagoon system (22" 48'-2Y 06'N, 
and 1{)6° OO'_I06D 16'W, sec Fig. 1) has been described by 
~everal aulhors (Edwards, 1977 ; 1978 b ; Warburton , 1978 
0; 1979; Menz. 130wers. 1980; Paul. in press a). A double 
lagoon oceupies the area bclween two rivers. and is 
connected to them by narrow winding mangrove-lined 
channels (called .. esteros "). During the weI season (from 
la te June to Octobc r) frcsh water cnte rs the lagoons via land 
run off. by direct precipitation and through the esteros via 
the rivers. At the height of the wet scason thc lagoons covcr 
an area of about 175 km!. From October onwards, the 
esteros conduet seawater from the ocean compensating for 
the cffccts o f evaporalion and reduced precipitation. Then. 
the mean tide Icvel of the lagoon syste m falls by 47 cm, and 
the net flow is reversed. The minimum water lcvel is 
reached around May each year when the lageons eover an 
area of about 81 km!. The maximum depth reaehes 2 m in 
Caimanero and 1.5 m in Huizache in the wet season. 
although tho.: average deplh is around 1 m. In the dry SC3son 
large areas of both lagoon basins dry up and the average 
depth of the open lagoons is bc10w 0.5 m. The sea mouth of 
Estero Ostial. whieh conneets Hui'lache lagoon 10 the 
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A mop of Iht lfuiZIlCht-Cllilllantro lagoon S)'Sltm. The melln 
minimum limil$ of Iht lagOQn$ (fa/e dry Stason) are "olled. Canots 
Ufe shawn by a broktn line. Impflrlom sumpli1lg SIa/io,iS are 
indicaœd ilS : A . Tupo fJotadtro,. /J. Tapo Ds/iaf,' C. Lus Ganas,. 
D. Tapo Pozo dt la ffaôt"da ; E, El TOllqul!' Canol; F. Tapo 
Cai,no/luo: G, Tupo Agua Dulcr. 

ocean. is blocked by a sand bar for about 4 months each 
year du ring the dry scason and it is usually opcned by 
bulldozers around July cach yea!. The moulh of Estero 
Agua Dulce remains opcn throughout the year and pe rma
nently con neets Caimanero lagoon to the ocean. Within the 
lagoons there 3re artiricialJy dredged canals which aid 
navigatiun and are important fishing areas. Ayala-Ca~tana· 
rcs el al. (1%9) and Phleger and Ayala-Castanares (1972) 
have describcd the topography of the area and the bottom 
deposils ; they showed thal the lagoon bouom is prcdomi· 
nantly silly etay mud with sorne large patches of etayey sand 
in the Caimane ro basin. 
The shrimp fi shery is eentred in bath the lagoons and the 
estcros. Barrier fences callcd tapos, which impound shrimps 
within the lagoons. arc situated at the junetions of the 
lagoons and csteros, across the main esteros and aeross the 
narow neck of water between Caimanero lagoon and 
Huizache lagoon (Fig. 1). The tapos arc closed betl'.'een 
mid-A ugust and mid·April eaeh year by screens erected on 
a framel'.'ork of permanent posts. Shrimps are caught by 
means of cast ne ts ca lied .. atarrayas ,. thrown by rishermen 
opcrating from cances, Details of Ihe fishery arc givcn by 
Edl'.'ards (1978 a). 

MATER IALS AND METHODS 

Edwards (1978 b) made a gcnera! 5urvcy of the fauna of the 
lagoon system in the initial phase of the projec\. Subsequent 
S<1 mpling l'.'as more intensive. During the period 1974-1976 
regutar samples (ranging in frequency (rom bil'.'eekl)' to 
monthly) of shrimps ( Menz, Bowers. 1980). portunid crabs 
(Paul. in press li ) and finfish (Warbunon. 1978 a ; 1979) 
werc oblained from the lagoon system using cast nets. scine 



nets and a small beam trawl. Less intensive qualitative 
surveys were also made of the lagoon vegetation, bird 
populations and benthie infauna. 
Sampling was carried out at fi xed stat ions representing the 
main lagoon eeotopcs in open lagoon arcas, anifieial canals 
and esteros. In the weI season, up to a total of 16 stations 
were sampled in Caimanero and 9 in Huizaehe but, in the 
dry season, the numbcrs were reduced to a maximum of five 
and threc respeetively as many became inaccessible or dried 
up. The most imponant sampling stations were those that 
could bc sampled throughout the year and thesc arc 
indicated in Figure 1 as stat ions A-G. 
During sampling, the wate r temperature was measured to 
the nearest 0.1 oC using Gallenkamp lotal immersion ther
mometers and salinity was measurcd to the nearesl 1,.. 
usi ng American Optieal Corporation temperature-compen
sated Rcfractomcters. Dcpth was measured using a pole 
and a 30 cm rule . Samples were stored on ice or were 
preserved in 10 % formalin in the fie ld and brought to the 
laboratory for analysis. Ali samplcs were identified to 
specific Icvcl and were sexcd befoTe being measured and 
wc ighed. The principal measurements ta ke n included cara
pace Icngth and total lengt h (shrimp), carapace breadth 
including lateral spines (pon unid erabs) and total length 
( fi sh). 

RESUL TS AND DI SCUSSION 

lIyd rography 

Figure 2 gives variation in mean mont hly water temperalure 
and salinity at seleeted locations for thc period February 
1975 to August 1976. Local rainfall is alsa shown. Lagoon 
water tempcratures were similar at ail stat ions and werc 
highest bctween Ju ne and Septe mber each year (maximum 
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Figure 2 
MtO/l mo'lIh1y "'Illtr lemperowrt olld solinilits Of El 
Tanqut (--J. Tapo Ca;mall{!rv ( .. _) alld Tapo 
Agita Dulct ( ... ) ;11 Ca;nW/lera klgoo/l ami LAs 
Carzas (--). Tilpo 1'0:0 dt III Ilacù:nda (,, -J, 
a/ld Topo OSlrol ( ... ) ;11 Nui:acht klgooll Jor Iht 
periad Ftbruary 1975 fa AI/gllsi 1976. Rai/lfoll dOla 
for Iht adjact/ll cily of Mazallall are S/IO"'". 
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36 oC) and lowest bctwec n Dceembcr and MaTCh (m inimum 
18 oC). Salin ity is the main e nvironmental variable . showing 
large nuetuations related to the wet and dry seasan. During 
both yeaTS lagoon salinity declined rapid ly with the onset o f 
the rains in Ju ne and the floodi ng of thc rivers, fro m folly 
saline or hypersaline to bclow 10 '" in Caimanero and to 
almost ze ro in Huizache. Rainfall was much lowcr in 1976 
than in 1975 and this is refleeted in the salinity data for 
Caimanero lagoon . After the rai ns, salinity slowly inereased 
and reached its maximum values bctween March and May. 
Tapo Poze de la Hacienda in Huizache bccame isolated 
from the mai n lagoon body during the dry seasan of both 
years and salinities in exccss of 125 '" wcre recorded. The 
sudden drop in salinity in Huizache during February 1976 
was duc to a temporary diversion of frcshwater into the 
lagoon from Ihe Rio Presidio. A salinity gradient exists 
across the lagoons, especially during August and Septembcr 
each year, with Icve ls of about 2%. in Huizache , 4%0 at 
Tapo Pozo de la Hacie nda and 8- 11 '" in Caimanero. 
The general pattern was similar in ail years during the 
pcriod 1974-1979 and variat ions were due to differe nces in 
the amou nt o f rain and Ihe date o f iniliation of the wet 
season each year, both locally and in the nearby mountains 
which fOTm the catchment area of local rivers. The lagoon 
hydrography is diseusscd more fu lly by Mendoza von 
Bo rstel (1972), Edwards ( 1978b ) and Moore (1979). 

Vegetation 

Mangroves oceur in dense stands along the estcros and alsa 
are common in the pcripheral areas of the lagoon system, 
panieula rly along the western shore. Three spccies domi
nale: Rhizophora man8fe (t he red mangrove) ; Avicennia 
lIi/ida (t he black mangrove) and LAgurieufaria racemosa. 
The button mangrove, COllocorpus treCUl, is much Icss 
common. Also common in the pcripheral areas of the 
lagoon system are the saltwort (Salieomia spp.), cordgrass 
(Sparrilla spp.) and severa l spceies of rush. These tend to 
colon ise mudflnts during the dry season. In the lagoon 
diatoms and dinonagcllates arc common (Gomez-Aguirre et 
of. , 1974) as arc the maeroalgac Ellleromorpha sp. and 
C/adopllora sp. The widgeon grass (Ruppia maritima) is 
also vcry abundant in the lagoon cspceially during the wet 
seasan. 

FaulUl 

The lagoon system supports a very exte nsive and diverse 
fish , bird and invertebrale fauna. No atlempt is made 10 lisl 
ail spccies prese nt but mercly to draw attention to the most 
abundant and characteriSlic types. 

Bell /hic il/faul/a 

Edwards (1978 b) rcportcd that in most areas polychaetes of 
the family Spion idae (e.g. Priol/ospio spp.) predominat
cd in the infauna followed , in Caimanero , by amphipods of 
the family Corophidae, the bivalve molluse Tageliis affillis 
and eumacea ns. In Hu izac hc cumaceans (family Lcucon i
due) predom inated in the infauna with polychaeles and 
amphipods in smal1cr numbers. 

Bell/h ic epifa/Illo 

The predominant invenebrate on Caimanero roud-nats, in 
terms of biomass, is the gastropod Ceri/hidea maza/lallieu 
(Edwa rds, 1978 b). Garcia-Cubas (1%9) reponed Ihis 
gaslropod to bc prese nt in large numbcrs in Caimanero but 
absent From Huizache. Its distribution scems related to that 
of the macrophytc Rllppia maritinw, its major food source. 
The oyster Siriosfrea irideseells is com mon in Estero Agua 
Dulce. l3urrowing shrimps (Calfiallassa spp.) and palaemo
nid shrimps (Maerobrachillm spp.) arc also commo n in the 
lagoon system. Associated with the mangrove communities 
and lagoon sho res arc considerable populalio ns of erabs of 
the families Ocypodidac (c.g. Vca spp.), Gccarcinidae (e.g. 
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Cardiasomn crassum. Gecarcimls spp.) and Grapsidoe (e.g. 
Sesarma spp.) 

l'e/laeid shrimp 

Mexican Pacifie pcnaeid shrimps spawn in the ocean 
(Edwards. 1978 a) with pc:aks of spawning between March 
and Octobcr. Subsequent postlarval immigration to the 
lagoons is maximal bctwee n June and October (Watkins. 
1980). Shrimp densi ties were higher generally in the canals 
and esteros than in the open lagoons (Menz, 1976; 
Edwards. 1978 b). Dcnsities of small juvenile P. va/mantej 
of up to 5.4/m2 we re recorded in the open lagoons with 
7.S/m! at Tapo Ostial and up to 341m2 at Tapo POlO d~ la 
Hacienda (Blake el al .. 1981) . Densi ties of larger shnmp 
were normally around 31m2 in the open lagoons dudng the 
summer. \Vithin the lagoon the white shrimp (P. ~ 'al/llQmei) 
and the blue shrimp (P. sty/irostris) we re by far th~ mo~t 
abundant although P. californie/ISis and P. brev" osrrts 
sometimes occurred. Shrimp numbers and biomass were 
highesl in the late spring and summer afler .w~!ch. they 
dcclined duc 10 the closing of the tapos and the tnlllallOn of 
lishing in August and Septembcr respeetively. The growth 
of juyenite shrimp in the lagoon is rapid. Estimates were 
obtained from cage expcrimenls (Edwards, 1977) , length· 
frequency analyses (Menz. I3owers, 1980) and from taggi~g 
and e nclosure experiments (Menz, Blake, (980). Summanz
ing the results, it was shown that there was a high negative 
correlation between sile and growth rate . Growth rates of 
P. l'alll/amei of 4-20 mm carapace length (C L) were in the 
range of 0.3-0.4 mm CL (1.35-l.80 mm total length) per 
day . and those of shrimp above 20 mm CL were around 
0.2 mm CL (0.9 mm total length) per day. Above 28 mm 
CL growth rates further decreased. Shrimp growth was 
faster in the summe r thlln in the winter. 
Little work was earded out on shrimp feeding but Edwards 
(1978 b) indicated that pcnaeids in the lagoon arc detritus 
and deposit feeders, consuming sediment and infaunal 
orgonisms such ilS smoll cruSlocca ns und polychactcs. 

Portlmid crabs 

Callil/I?ctes arcl/ams and C. IOxotes arc the only twO spc:cies 
of portunid crab which occur in the lagoon system and the 
former is by far the more abundant (Paul . in press a). Their 
distribution and general ecology has been deseribcd by Paul 
(in preS!> b). Their commercial cxploitation is at a \CI)' 10 .... 
level as )'et alt hough their fi sheries potential is high (Paul , 
1981 a). The crabs arc scasonally abundant. maximum 
numbers occurring in the dry season (partieularly between 
Fcbruary and May). Crab density and biomassfm2 in ail 
areas werc 3-17 and 3-32 times higher, respcetivc ly. in the 
dry $Cason than in the wet season ( Paul , in press a). Dcnsity 
and biomass werc also up \0 14 times higher in the esteros 
and canals than in the open lagoons. Densities of up to 
5 crabslm! (a corresponding biomass of SOO !Vml) wcre 
recorded. Fe male crabs tended 10 dominate at the seawards 
end of the lagoon and they migrated to the sea \0 spawn 
bctween Mareh and August, fol1owed by the males (Paul , in 
press a ). Growth estimates for C. orcuows of different sizcs 
wcre derived from breadth-frequeney analyses (Paul. in 
press a). Estimates ranged from 5-11 mm carapace 
breadthlmonth. Growth was faster in the su mmer than in 
the winter and ceased whe n the crabs eompleted the 
terminal moult. The spawning season of C. arcl/ams was 
from MaTCh tO August and that of C. foxores from Novem· 
ber to January. The subsequent immigration of smal1 
juveniJc C. arel/oms tO the lagoon was maximum bctween 
January and May eaeh year. Stomaeh analyses showed that 
C. arel/aws and C. /Oxo/es arc omnivores and that they feed 
as predators. sca\engers and. when juveniles, as detriti\'ores 
( Paul. 19S1 b). They feed o n mo l1uscs (particularly bi\'al· 
ves), erabs (including Callineeles). fis h and to a 1csscr extent 
on shrimps. polyehaeles. amphipods and plant mate rial. 
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Fish 

57 species representing 26 families have been rccorded in 
the whole lagoon system (Warburton, 1978 a). Nume ri· 
cally. the anchovy (Allchoa paliame/lSis) , sardine (Lile 
slo/item) and mullel (Mllgil ci/rema ) were the most abun
dant and constituted o"er 90 % of the lish caught. ln Icrms 
of biomass the most abundant were the mullet, anchov} t 

eatlish (Gale jchlhys caef/flescells) and weakfish (CYllosâoll 
xa lll/llllllS) (Warburton , 1979). Fish, generally , ..... ere mos! 
abundant between Nove mbcr and March each ycar (up tO 
IS.3/m2) and ..... crc tcasl abundant hetween May and August. 
Fish densities were higher in thc cana ls and esteros than in 
the ope n lagoons and higher fish densities were obtained in 
1·luizache lagoon than in Caimanero lagoon (Warburton. 
1978 a). Most of the spec ies recorded use the lagoons as 
nursery grounds and growth areas and occur mainly as 
juveniles. Othcrs, such as the catfish and mullet, arc more 
or less permanent residents and oceur as adults. Fish gro ..... th 
is rapid in the lagoons and estimates obtai ned from length
frequency analyses and otolith check techniques varicd from 
0.5 cmlmonlh (sardine). 0.7 emlmonth (anchovy) , around 
1 cm/month (goby, Gobjollellus microdon and sole, AchirUJ 
maza/lat/us) up to 1-1.5 cmlmonth (catfish) , 1.89-
2.60 cm/month (weakfish) and 2.24-3.93 cmlmonth (mullet) 
(Warburto n. 1978 b ,- 1979). The main recruitment pcriods 
for mOSI species were during the period September 10 April 
caeh ycar. Published ..... ork (Carranza , 1969 ; Yanez, 1975; 
Warburto n 1978 a) on fi sh feeding habits in lagoons allows 
six main feeding types to bc identified. Thesc arc: herbivo· 
rous feeders (e.g. mullet) ; planktivorous feeders (e.g. 
sardine, anchovy) ; detrilivorous feeders (e.g. sole. goby, 
mullet); omnivorous fecders (e.g. Gerru cineretlS, Euci· 
IIOSlomllS califomiellSiJ) j omnivorous fceders and/or pd
m~ry carnivores (e .g. Dinplerus perlll'jallllS. Cemroponws 
rabolira) and secondary carnivores (e.g. weakfish . calfish). 
ln the lagoon system fish arc not commercially exploited tO 
anylhing like their full potentia!. 

Birds 

Large populalions of man)' spc:cies of birds inhabit the 
lagoon area throughout the year. Sorne arc permanent 
reSÎde nt ~ and others arc scasonal vis ito rs. Their impact on 
the lagoon ecosystcm has not been siudied quantitativc!y 
bul it must he eonsidcr~ble sincc they arc voracious feeders. 
A recent study (Watkins, pers. comm.) and personal 
observations indicate that four main feeding types exiSI 
among:.l the lagoon avifauna. The ducks (AliOS spp., 
SpalUlo clypeula) arc mainly he rbivorous feeders but they 
also include small bcnthie organisms (e.g. molluscs) and 
inscets in their diet. Wading birds sueh as the avocets 
(RecllfVirostra omericQ/[Q ), dowilche rs (Limllodromus seo
lapaulIs), godwits ( LmlOsa jedoa) use their bcaks tO obtain 
small erustaeeans (e.g. amphipods). polychaetes. molluses 
and inseels from the substrate. They also consumc plant 
matcrial. T he large r birds sueh as the herons, egrets and ibis 
have a va ried diet whieh. in addition tO small bcnthic 
o rganisms. also includes penacid shrimps , crabs and fish. 
Thesc birds, particularly the herons (Ardea sp.) and egrets 
(Egretla sp.) commonly stalk their prey in shallow water 
before striking with their bcaks. The final type includes the 
large piscivorous fc eders such as the white pelican (Pe/ua· 
mIs erythrorhYllchlls), the bro ..... n pelican (l'rlecan,us Qcci
dentolis) a nd cormoran!s (NU/lauocorw: spp.). Ftsh form 
the major pan of the diet of ail three species al though ail . 
partieularly the eormorants, also feed on crustaeeans 
(shrimps and crabs). The brown pel~a.n catches fish by 
diving from the air. the cormoran! b)' dlvlng from the ..... ater 
surface and the white pelican feeds from the surface. 

CONC LUSIONS 

The Hui7.3che-Caimanero lagoon system is a highly produc
tive area. It is uti tizcd by pcnacid shrimps . portunid erabs 



and man)' specics of fish as a nul1iCry and growth arca. As 
weil as support ing a ..... ell established shrimp fishery there is 
conside rable potential for the further development of finfish 
and crab fi sheries in this area . Recommendations conce rn· 
ing dredging operations, tapo maintenance, timing of the 
fishing scason, mesh sile regu lation and the comTol of 
predalOrs b)' the diversification of lageon fish ing effort , with 
an aim to improve the management of the shrimp fishery. 
arc fu lly discussed by Blake et al. (1981). The fisheries 
potcntial of portunid crabs of the genus Callinectes in this 
area is discusscd by Paul (1981 b). 
The research unde rtaken in this project has cluciclated many 
asp::cts of Ihe ecology of Ihis lagoon system. Edwards 
(1978 b) constructed a hypothetical model of trophic re la· 
tionships in the lagoon system , which, whilst an oversimpli· 
fication, represc nted the chief eomponents of the ecosystem 
as revea lcd by the sampl ing mcthods cmployed. This work 
indicatcd that net production in the walcr column was 

nlure 3 
Modû of I~ illlurtiolionships ofl~ main physicol compo· 
~m.J of lM HllizDcM·Co;manuo lugoon «osys~m (1 ..... 
f. - logoon "'DIU k,'û ). 

sufficicnt 10 SUpport the melabolic requiremenls of the 
relatively sparsc infauna in the wet season but Ihat the input 
ncccssary 10 su pport the epifauna was to sorne extent 
dependent on the contribution made by macrophytes. A 
si mpl istic overall picturc of ene rgy palhways in relation to 
shrimp ecology was formulatcd ( Blakc et al., 1981). The 
flooding of Ihe rivers into the lageons during the rainy 
scasan provides an input of nutrients. detritus and suspend
cd sediment . This is turn stimulates primary production , 
particularl)' of diatoms. Ruppia, macroalgae and mangro
ves. The subsequent bacterial and fungal decomposition of 
primary produccrs enhances the organie content of the 
substratc togethcr with direct deposition of sediment from 
the rivcTS. and this bcnefits shrimp production, either 
directly. or indirect!y through the bcnthic fauna. 

Figure 3 is a diagrammatic represcntation of the interrera· 
tionships of the main physical components of the lagoon 

ECOLOGY AND FISHEAY OF A COASTAL LAGOON 

ecosystem. Most of thcse factors have been discusscd 
prcviously and these arc summarizcd outside the main body 
of Figure 4 which gives a modified version of the mode! of 
trophic relationships (Edwards, 1978 b) in the lagoon 
system. Direct grazing of primary producers or their decom
position by bactc ria and rungi supports a variety of deposit 
and filter fecders (e.g. Prioflospio, Corophillm, Tage/us, 
Ceratllidea) and omnivores (e.g. Callinectes, Perweus, Ger
res, Euciflostom/ls) which, in turn . arc fed upon by primary 
carnivores (e .g. DÛlpterus, Cemropomus) in the mixed 
trophic level. Secondary and tertiary carnivores (e.g. 
Cyfloscion. Galeichthys, Ardea and Pelecanus, Phalacraco· 
rax , Man) arc supported by the mixcd trophic level and 
there is a considerable immigration of larval invertebrates 
(e.g. Perwe/ls, Ca fljnectes) into the lageons, logether with 
larvae of many fish spccies. Ot her more direct pathways 
support popu lations of herbivorous and planktivorous fi sh 
and birds (c.g. Mugil, Anas. Anchoa, Li/e) and detrit ivo-

rous fish (e.g, Mugil, Gobionellus. Achirus) as shown in 
Figure 4. 
The general pattern of trophic rclationships summarized in 
Figure 4 is likcly to apply 10 man)' shaHow coastal lagoons 
on the Pacific coasl of Mexico and elscwhere in the tropics. 
though therc will bc diffcrenccs in detail related to hydro· 
graphie condit ions, sediment tylX! and biotic components. 
Therc !Ire strong similarities bctwccn the food web in the 
HuiUlche·Cai mancro lagoon system and thal in the Cochin 
Backwater. a tropical estuary in Kerala . India , invcstigated 
by Oasim (1970). 
ln contrast to aquatic ecosystems in rc latÎvcly high latitudes 
and to 0lX!n ocean systems , tropical lagoon food chains 
show a rcduclion in the role of phytopla nkton as a primary 
producer and of zooplankton as thc moSt important herbi
vores. Direct grazing of plant mate ria! . and utilisation of 
dctritus from plant decomposition provide alternative 
pathways for encrgy transfcr (Odum . 1970) . 
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Figure 4 
Modtl of Irophic r~lolioliShips in lM lIuiZl.lc~-CuimQ· 
tltrO lagoon tcOsysl~m (modi~d Dft~r Edwards. 1978 
b) • 
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