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A one-yeaT siudy rcvcaled that the Puerto Real Inlct (Tlwlassia tesfudinum cnvironmcnt) is 
ul.il ized by a varicty of immature and adult fish as an immigration pathway 10 the Términos 
Lagoon and/or as Il nursery. In Ihis unpollulcd cCQSyslcm, 7670 fish represc nting 59 spccics 
a nd 27 Camilies wc rc capturcd in 168 lrawl collections bclwcc n August, 1980, and July , 1981. 
Ninety-five percent of the salinity, temperature and tra nsparency measureme nts ranged from 
28 to 39 ppt, 23.8 to 32.8 oC and 32 to 100 oro, respectivcJy. 

Diurnal (24-h) and scasonal variations of several diversity indices - density , biomass, 
frequeney and numerical abundance - were statistically relaled 10 changes in salinity , 
lemperature, tide, and ligbt periods. Nichthemcral variations in density and biomass are 
probably related to speeiflc trophie behavior (night or day feeding) which influc nces 
catchability, as was corroboratcd by cluSler analysis. The rc we n: 5Cil5l.:mal variations in a il 
parameters of the community. Great variations in the population structure were corre lated 
with climatic pcriods and river discharge, but tempcrature was the best correlale, as shown by 
a multifactorial analysis. Thesc ecological parameters of the fish community remained high, 
reflecting a daily and seasonal suct:essÎon of dominant fis h spccies. The similarity in 
nichthemeral and seasona1 changes ellhibited by certain assemblages of spccies indicates Ihat 
sorne dominant groups arc innuenced more by light pcriod Ihan by tidal stage. 

The largest numbcr of fish spccies {45} was collectcd in Octobcr, the seasan of immigration of 
immature fishes. The smal1est numbe r of species (22) occurred in February , by which Ihere 
many fish have left thc inici system. 

Community inhabitants and consumers of diHercnt trophic categories were scasonally 
quantified. Cyclieal visilOrs (49 %) and second-orde r consumers (49 %) were dominant 
throughout the e ntite year. 20 spceics were quantitative ly important in terms of freq ue ney, 
biomass and numerical abu ndancc ; the fam ilies represenled wcre Sparidae , Pomadasyidae , 
Balislidae , Diodontidac , Tetraodontidac , LUljanidae, Seiaenidae, Scaridac , Gerridae , ArH
dac and Urolophidae. 

Ouallol. Acta, 1982. 
SCOJUIA BO/UNESCO, 

Proceedings Internalional Symposium on coaslal 
Bordeaux . Fra nce, 8- 14 Scptembcr, 1981.417-429. 

lagoons, 

Écologie, évolution nycthémérale et saisonnière des peuplements de poissons à 
l'ent rée d'une lagu ne tropicale, Mexique. 

Une étude, portant sur une année, a montré que la Passe de Puerto Real (raciès à Thala$sill 
lesluditlum) est empruntée par un grand nombre de poissons juvéniles et adultes comme voie 
de migration vers la lagune de Terminos et/ou sert de nu rsery. Dans CCI écosystème non 
pollué, 7670 poissons représentant 59 espèces et Tl familles ont élé capturés au cours de 
168 pré lèvements entre aoûl 1980 ct juillet 1981. Les mesures de salinité. de température ct de 
tra nsparence ont varié e nt re 28 ct 39 %, 23,8 et 32,8 oC. 32 CI 100 % respective ment. 

Cont ribution nO 240 or the Instituto de Cicocias dei Mar y Limnologia. Universidad Nacional Aut6noma 
de Méldco. 
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Les variations nycthémérales et saisonnières de plusieurs paramètres - densité, biomasse, 
fréquence, indice de diversité - sont statistiquement corrélées avec les variations de salinité, 
de température, de marée et de pholOpériode. Les variations nycthémérales de densité Ct de 
biomasse sont probablement reliées au comportement trophique des espêces qui influence 
l'efficacité de capture comme le montre l'analyse des groupe ments spécifiques. Les variations 
saisonnières de tous les paramètres SOnt importantes. Ces grandes variations de la Structure 
des peuplements sont miscs en relation avec la climatologie et le débit fl uvial. mais la 
meilleure corrélation est obtenue avec la température comme le montre l'analysc mullifacto
rie lle. D'une manière générale on observe une succession d'espèces au cours de la journée et 
au cours de l'année. La similitude des variations nycthémérales et saisonnières manifestée par 
certains groupements d'espèces montre que ceux-ci sont influencés davantage par la 
photopériode que par les mouvements de marée. 

La plus grande richesse spécifique en poissons (45) est notée en octobre, pé riode d'immigra
tion des juvéniles. La plus faib le richesse spécifique est observée en fébrier (22), beaucoup de 
poissons ayant quiné la lagune. 

Les espèces sont classées saisonn ièrement d'après leurs comportements migraleur et 
trophique. Les immigrants temporaires (49 %) et les consommateurs de deuxième ordre 
(49 %) sont dominants toute l'année. 20 espèces sont particulièrement importantes en termes 
de fréquence , dc biomasse et d'abondance; elles appartiennent aux fami lles suivantes: 
Sparidae, Pomadasyidae. Balistidae, Diodontidae, Tetraodontidae , Lut janidae, Sciaenidae, 
Scaridae, Gerridae, Ariidae ct Urolophidae. 

Oceal/o{. Acta, 1982, Actes Symposium International sur les lagunes côtières, 
SCORlIABOfUNESCO, Bordcaux, 8·14 septembre 1981,417·429. 

INTRODUCfl ON 

A number of studies have been concerned with scasonal 
variat ion of cstuarine fis h (Fox, Mock, 1968 ; McErlean el 

al., 1973; Wagner. 1973; Sabins. Truesdale . 1974 ; Livings
ton, 1976 ; Ogren, Brushe r, 1977 ; Yliiiez-Arancibia, 1978; 
1981 a). In other studies, there has been an emphasis on the 
use of various community parameters 5uch as spccies 
richness, diversi ty and biomass 10 eSlimate funclional cha
raeterist ics of such assemblages (Dahlberg, Odum, 1970; 
Bechtel, Copeland, 1970 ; J-Ieadrich. Headrich, 1974 ; 
Livingston, 1976; D'Croz, Averza, 1979). At the sa me 
time , a number of papers have considcrcd thc use of 
subsystems and fis h populations ( Horn. Allen , 1976 ; 
Livi ngston et al. , 1978 ; Warbunon, 1978 ; Daniels, 1979 ; 
Chlivez. 1979; Yaiiez- Ara ncibia et al., 1980). 
There is a paucity of information on the occurrence of 
immature marine fish in seagrass meadows, which arc 
distinct and important componcnts of marine and estuarinc 
environments. Among their most important atlributes arc 
their ability to support high densitics and diversities of fish 
and invenebrates, and their use as nursery and feeding 
grounds for macrofauna , as sediment stabilizers, and, in 
general, as complex habitats ( liocsc, Jones, 1963 ; Fergus· 
son-Wood el al .. 1969: Carr, Adams, 1973; Adams, 1976 
a; 1976 b; 1977; McRoy , Hclfferich, 1977; Thorhaug, 
Rocsslcr, 1977; Wcinstein, Heck, 1979; Yânez·Arancibia 
el al., 1980 ; Heck, Orth , 1980 ; Yliiiez-Arancibia , 1981 b; 
Vargas Maldonado et al., 1981). Moreover, there are few 
published studies specifically directed to research on fi sh 
ecology in tidal passes or on the status of immature coastal
marine fi shes in these habitats (Simmons, Hocse, 1959; 
King, 1971; Sabins, Truesdale . 1974 ; Bravo-Nuiiez, 
Yaiicz-Arancibia , 1979). 
Barrier islands arc interspersed wit h relativcly narrow 
openings, the tidal passes , which allow for the exchange of 
organisms and nutrients between the sea and estuarine bays 
and marshes. About 75 % of the com mercial fi sh of the 
southern Gulf of Mexico spawn in the sca and along the 
shoreline. Their postlarval and juvenile stages enter the 
estuarics through the tida! passes (Yliiiez-Arancibia et al. , 
1981). The carly life history stages are a critical pan of the 
life cycle, and many e5tuarine-depcndent marine spccies 
spend a pon ion of this eritical pcriod in tidal passes 
(Gumcr, 1967 ; Sabins, Truesdale , 1974). Sorne fishes 
spawn in the immediate vicinity of tidal passes and a few 
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complcte their entire life cycles there (Bravo-Nu nez, 
Yâiiez-Arancibia , 1979). 
Puerto Real, a natural tidal inlet, is a panicular subsystem 
of the Términos Lagoon areas. Becausc of the presence of 
ThaltlSSÎtl teswdil/llln beds and the nature and characteristics 
of ils fish communil ies, il must be considered as very 
imponant in the productivity and composition of the 
communities in ail internai cnvironmcnts of the lagoon, for 
it is the entl)'Way for a number of nektonic species. The 
existence of a flood tide delta is the consequence of net 
transportation toward the interior of the lagoon. Marine 
influence is highest in this area and diminishes proponio
nally with movement into the lagoon. There is no suong 
light , thermal or salinity stratification , in the in le!. There
fore, these faclOrs, togcther with lu rbulenee , do nOI provide 
for any strong ve rt ical distribution of the communities. The 
estuary and adjacent continental shelf, !Ogclher with the 
intervening pass, fOTm a rccognizablc ecological system 
influenced by physical factors. Exchange of living organisms 
is related to the physical processes, but it also reflccts 
reproductive and behavioral activit Îes. Juvenile and adult 
fish actively traverse the pass and display regular seasonal 
patterns of migration. As a physically-dominated nutritio
nally rich ecological system, the pass is a distinct habitat. In 
this paper we discuss slrategies of fish succession , diversity , 
biomass, community inhabitants, and trophic balance in 
terms of nichthemeral and seasonal programming. 

STUDY AREA 

Pueno Real Inlet (91"3O'E-18°50'N, Fig. 1) in Términos 
Lagoon is located in the southern Gulf of Mexico, off 
Campeche Sound on the Mexiean coast. The area has a 
warm humid climate wilh three c1imatic seasons. From June 
until the end of September. Ihere arc almost daily aftcrnoon 
and evening showers. From October to March is the seasan 
of .. nortes" or winter storms. These storms are generally 
strongest and associated wilh rains during Ûctober, Novem
ber. December and Janual)'. Februal)' through May is the 
dry $Cason. Water temperatures range from 36 oC in sum
mer to 25 oC in winter . and precipitation ranges between 
1 200 and 2000 mn per year with an average of 1681 mm. 
The lagoon is largc (+ 2500 km") and shallow (mean depth 
3.5 m) with a limited channel sySlem at the two wide in1ets, 
Pueno Real on the east and El Carmen on the west. 
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Figure 1 
GUll OF 1ltE1IICO 

The Iw.dy Ilœll. PhY$KIlI, hydrodynomic Ilnd biowgiclll 
!taruœJ of Putrto R~tli Inkt, Tümino$ Ltlgoon in lM 
$OUIMrn Gulf of Mexico. 

Prevailing easte rly wind, longshore eurrents, and river 
discharge cause a strong net f10w into the eastem inlet and 
out of the western inlet . Three main rivers enter the 
lagoon : the Palizada , the Chumpan , the Candelaria , and, in 
part , tlle Atasta system, forming important f1uvial- lagoon 
systems. The seasan of high rive r flow is from August to 
November (especially in October) with an average total 
dischargc into the lagoon of 6 x tO'ml yr l . Tidal range is 
0.3 to 0.7 m. More detailed ecological descriptions of the 
lagoon a re round clscwhere (Phleger, Ayala-Castafiares, 
1971 ; Gierlorf·Emden , lm ; Bravo-NL1nez, y anez·Aran
cibia , 1979; Amczcua Linares, Yanez-Arancibia, 1980; 
Mancilla, Vargas, 1980; Vargas Maldonado t t af., 1981 ; 
Graham tt af. , 1981 ; Yanez-Arancibia , Day, 1981). 
On lh!; lagoun side of Pueno Real Inlet, a broad delta of 
calcareous sediment is forming as a result of the net import 
of water and scdiment through that inle!. The TluJfiJssio. 
restudinum areas of Puerto Real have salinities of 28 to 39 
ppt , tempcralUres from 21 to 33.5 ~C, oxygen from 2.6 to 
6.4 mIO/l , a muddy substTllta of fine slime clay with 50 to 60 
percent CaCO) and significant quant ities of organic matte r, 
depth up to 4 m, varied and abundant macroepifauna , clear 
waters, high availabil ity of food and complex trophic 
structure of communities (yai\ez·Arancibia , 1981 b). 

MATERIALS AND METHODS 

Fish were sampled over 24-h periods during Ausgusl, 
Octobcr and Oeeembcr, 1980, and February, April , June 
and July, 1981. On each date two hau ls were made in 
opposite direct ions every twO hours, for a total of 168 trawl 
collections. These were made with a 5 m trawl (mouth 
opening during sampling was 2,5 m, mesh sizc 314-). Collec· 
tions were classified in two ways, as flow or counter-flow 
and as scaward haul or lagoonward hau\. The two classifica· 
tions concur in flood stage and arc opposite in ebb stage, 
both situations occurring in a 24-hour cycle. During each 
collection, salinity, temperature , transparency and tidal 
stage were mcasured , and substrate , vegetation, and 
macrocpifauna were obscrved. In the laboratory fis hes were 
identified, counted, weighed and measured, ln order to 
characterizc the sire of fish of eath spccies populations, an 
index (g ind- I ) was calculatcd by dividing total weight of 
capture per spccies by the total numbcr of individuals. 
On the basis of gut content , morphology of gut , mouth and 
gi ll mkers, and sizc, trophic position was determined using 
the critcria of y aftez·Arancibia (1978) and fo llowing earlicr 
sludies in the arca by Bravo Nuftez and Yaftez-Arancibia 
(1979) , Amezcua Linares and Yaftez·Arancibia (1980), 
y anez·Arancibia et al. (1980) and Vargas Maldonado et al. 
(1981). The trophie categories are : 1) first-order consu· 
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mers: plankton feeders (phyto-andlor zooplankton) leedcrs 
on detritus and other vegetable remains, and omnivores 
(feede rs on detritus, vegctable material and small animais) ; 
2) second·order consumcn: predominantly camivorous 
fis h, even whe n they consume small amounts of plant 
mate rial and detritus. These fish consume primarily macro
and microbcnthos and small fish ; 3) third-order consu· 
men: fish that are exclusively carnivorous and feed prima
ri ly on macrobent hos and second-order consumer flSh. 
Based on freq uency of occurrence , gonad maturity, food 
habits, migration patterns and sîzc, the fish speeies were 
classified as : 1) occasional or accidentaI visiton (Occ) , 
2) cydical or seasonal visiton (Cv) and 3) resident or 
typical estuarine species (Scd). These groupings arc based 
on earHer classifications by Yénez·Arancibia et of. (1980) . 
Dominant spccies wcre determined by ecological indices as 
we il as by frequeney, biomass and numerical abundance. 
The information function H' of Shannon and Weave r 
(1963), which increascs as both the numbcr of spccies 
(richness) and the equitability of species abundance (even
ncss) increase, was caJculated. Ail diversi ty caleulations 
were based on use of natural logs. The abundance of fish 
was calculated by number, density (individuals by area), 
and biomass (standing crop). The Wilhm (1968) function 
(H'w) was uscd to evaluate weight heterogeneity by spccies. 
To compare the degree of similarity of fish fau na by hour, 
cluster analysis was pcrformed. Cluster analY5is i5 a descrip
tive tool which objectively groups data into similar units 
based on their characteristics. The similarity measure was 
the simple matching coeffidenl , and the dustering method 
u.scd was that of single linkage (Sneath, $okal , 1973; 
Davies, 1971). Each sampling hour was compared to each of 
the remain ing Il in terms of speeies composition and was 
given a value ranging from 1.0 for complete similarity (ail 
spceies in common) to 0.0 for complete dissimilarity (no 
spccies in common). The heurs were then compared and 
groupcd again according to similarity. This procedure was 
repeated at Iower levels until distinct major groupings 
occurrcd. Results wcre displayed in a dend rogram in two 
ways: heurs by species, and species by hours (Hom, Allen , 
1976; Warbu rton, 1978 ; Yanez-Arancibia et al. , 1980). 
ln order to compare the bctween·hauls variations the 
Wilcoxon non-paramctrie test for paired data (in Snedccor, 
Cochran, 1957) was u.scd considering the direction of the 
trawl and the density, biomass , and diversity of fi sh 
populations. 
1'0 su mmarizc the information obtained on $Casonal evolu
tion of populat ion. the factorial method of principal compo
nents fifst dcscribed by Holteling (1933) was utilizcd. The 
data considercd the monlhly (7) average densit ies (in a 24-
hour cycle) of the 59 fish species encountercd forrned a 
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general data matri" of 59 rows and 7 columns. For the 
analysis itself, the SPSS (Statistical Package for the Social 
Sciences) Version 6 (Nie el al. , 1975) was utÎlized on a 
Burroughs 6700 compuler. T he specifie nature of the 
analysis procedure is as fo llows : principal components arc 
detcrmîncd (rom a Bravais·Pearson correlation matr;" 
bctwecn monlhs (Q·type) j original data is traosforrncd iolO 
log 10 (l + x) eige nvectors which have a length unit y and 
are normalizcd to the Icngth of their standard deviation pl. 
112) j a Varimax rotation is made on the firSI 6 factors. 
Considering Ihese particularities, the interprelation must 
bcar esscntially on the angles formed bctween the axis 
joining each point with Ihe origin as weil as those formcd 
with the factors which correspond to correlation measurcs 
(Legendre, Legendre, 1979). Since samples were homoge· 
neous in regard 10 species content , double-absence fre
quency was low and was considered to bc of liule prejudicc 
10 the analysis. A similar analysis trom a Kcndall correlation 
malnx gave vcry comparable results, thus confirming the 
abové assumptio n. 

RESULTS AND DISCUSSION 

Habitat characterizatlon 

Water tempcratures ranged from 33 .5 eC (14: 00 hrs, 
August) to 23.8 eC (06 : 00 hrs, December), with an average 
water tempcralure of 28.4°C. Salinities recorded during the 
study ranged from 40 pp! (12: 00 hrs, June) 10 22 ppt (10: 
00 hrs, Dceembcr), with an average salinily of 34.3 ppt 
(Fig. 2). Salinities in the pass area are inOuenced mainly by 
the introduction of saline waters from the Gulf of Mexico 
and local freshwater runoff. However, during pcriods of 
high river discharge (Oclobcr), salinit ies in tbe pass area 
were appreciably redueed by diluled estuarÎne waters. On 
Ihree occasions (Octobcr, 1980, Deeember, 1980 and July, 
1981) flood tides from the Gulf were associaled wilh 
decreasing pass salinities , probably reflecling the movement 
of low salinity waler from shclf into the pass area. 
T idcs along the sou lhern G ulf of Mexico arc normally 
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Rgur/; 2 
Temporal and nicht~meral dUlfibution of Ulfj· 
nily and temperalure in Puerto Real Inlet. 
Selected molJ/hs, hours, lide Slage (R .. ebb, 
F = flood) and dark period, are indicated. 
Lowesl vaIlles of II.'mperarure and UlfjnilY occur 
in December and highesl ;/1 hm~ to AI/gusl. 

diurnal j semi-diurnal t ides occur infrequently. T ropic and 
equatorial lides occur scmi-monthly at intervals of about 
8 days. Tidcs ranged from 0.30 10 0.70 m witb an average 
annual tidal range of 0.50 m. The basic tidal patterns were 
modified by various meleorological phenomena , espccially 
wind. Strong northe rly winds dampcned tidal fluctua tions 
by length inereasing the duralion of flood lides and by 
reducing the range of cbb tides. Periods of strong southerly 
winds had the opposite effee1. A li collections fo r the study 
were made during pcriods of d iurnal tides j no semidiurnal 
tides were sampled. Tidallevels in Ihe pass area were 10weSl 
during limes of prevailing southerly winds (August, 1980, 
and Octobc r, 1980) and highest during limes of prevailing 
northerly winds (February, 1981 j April , 1981). 
The scasonal pattern of salinity was highly eorrclated with 
the tempcrature pattern (Fig. 3). Lowest ave rage values 
were recorded in Oecembcr (" ' nortes " scason), with salini
lies of 30.5 ppl and lempcratures of 24.4 oc. Highest 
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Figure 3 
Binuon.mal al·uagl'$ and SfQndard de ~Ùllio/IJ ofsafinily, II.'mpe· 
rarure and Ira/l.Sparency i/l P"ef/o Real /lr/et. LoweSI values of 
poramete's occur in December and hightsl in June (su Fig. 2 
for nichrMmeral ~ariarums). 
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Table 1 
Wilcoxon non paramelrie /.eSI for pairtd crolll. Val/j~s of lM srrwl/esl ranks' sums of diffortncts. TM sign indical~S Ihe posili~'~ or ~gative 
dlffortnces' sum (* 0.05 significam /ew/, .. 0.01 significan/ /eve/). A significative posi/ive sum means lhat /M parameter vai~s ar~ higller ln 
countercurrtn/ hauls or uaward OMS d~ptnding the clDssifkorion COl1$idtred. 

Months 

Number of pairs 
Density 
Biomass 
Diversity 

Months 

Numbcr of pairs 
Dcnsity 
Biomass 
Diversily 

Figure 4 
Temporal and nichlMmeral 
comparison of lM distribu
lion of ecolagical parameters 
of tM fish communil)' : bio
mas! (g m-1), species num
ber, numericai diversity (Un) 
weight diverS/I)' (H w) and 
avera~ $Îzt of populalions (g 
ind- I),. in Puerto Rea/ In/el. 

Counlcr now Versus Flow direct ions 

August 

10 
- 12 
- Il 
- 13 

August 

10 
- 17 
- 21 
- 16 

•• 
, 

; '., ; ~ _1 z : . . 
''] ... .. 

October Deççmbcr February April J,~ luly 

12 10 10 10 10 12 
-35 + 12 -25 +23 + 20 +38 
-22 18 +20 - 16 +25 -30 
+32 + l' + 14 + 17 + 17 -33 

Scaward Versus Lagoon ward 

Octobcr Dcccmber Fcbruary April l une l uly 

12 10 10 10 10 12 
+ ,. + 16 S' + 20 - 23 +37 
+ 4" +24 -20 + 14 -20 - 21 
-33 + 6' - Il -25 - 10 - 17 

~ ~ ~ n ,. M ~ ~ ~ ~ " u 
" .. "..ou." 

0<'0'" _ • • <, ..... " •• .. ,. . . ' ... ,.0 
" . ~ 

' .. : / ........ -. '" ' .--- -'\ . 
',Z I ' / ' . / 

" 
, .. 

" " , . .. .. 
'>0'0 1

1

" 
00 •• >0 

' 0 ' .0 

,. 

,.. ·_~'-.jI\/'"V 
",:. .. ~-;, .. , .' ... ot DO >0 " .. 

""f '''''''''' 
" .. " .. , '"ou'" 

421 

" l' ' •• ' 1 . , ' . . 1 .. 0 : .: u 

'00' ... 

"'" .... 

.. 

.. .. ' ... 



,. 

• 

A. VANEZ-ARANCIBIA et . /. 

sverage values oceurred in June (the end of dry scason), 
wit h salinities of 37.0 ppt and tempe ra tures of 31.2 oc. 
Transparency, associated with winds and river discharge, 
showed the same panern. The lowest monthly average value 
was 39 % in Dccembcr aner the period of greatest riverine 
influence, and the highest was 100 % during J une and July. 

Influence or haul dir«tlon on paramelers or colle<-tlons 

Each two-hour colleclion was eomposcd of IWO hauls in 
opposite directions. The results of the Wikoxon lest indicst
ed Ihat direction of the haul wilh respect to tide eurrent was 
nOI statistieally rclated 10 Ihe eeologicsl paramcters of the 
oommunity (Table 1). Therefore the two hauls were oonsi
de red equivalent and combined in the subsequent analysis. 
By contrast , Ihe geographic direction (sea or lagoonward) of 
the haul was highly oorrelated (Table 1). T he signifleant 
cases correspond to the following months: Octobe r, 1980, 
when densities and biomass were higher in seaward hauls ; 
Decembcr, 1980, when diversities were higher in seaward 
hauls; February , 1981, when densities we re highe r in 
lagoonward hau!s. 
These results demonstrate Ihat Ihe geographic o rientation 
of the l rawl has a deflnite influence on sample charaeterÏ5-
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tics. Although the sampling method used in this study does 
nOI take into account the directiona! seleetivi ty of olhcr 
sample methods (t raps for example) , il is possible to 
interpret the observed differe nces bel\\"een seaward and 
lagoonward hauls as a rcflecl ion of the rclative imponance 
o f immigration and emigration at the end of winter. 
Seve ral aUlhon have discussed the Inherent va riabil ity of 
sampling methods, with differen t conclusions. Clark (1974, 
in Livingston , 1976) did not find any effcct o f sa mpling 
procedure and tidal stage on his trawl catches. On the other 
hand , Subrahmanyam and Drake (1975) found a signifleant 
differenee between high l ide and low lide collections using a 
se ine in tidal cree ks. 
lt seems d ifficult , therefore , to draw any gene ral conclu
sions about the sampling best method. This could be due to 
the faCI Ihal eSlUarinc changes are 50 evident that the 
inhe rent variability of sampling methods does not signifi
ca ndy the overall va riation . However, general statistieal 
considerations indicate Ihat therc is a marked advantage to 
colleeling numerous small samples ral her Ihan a few large 
ones. 

Nichtbemeral vanatlons of the f1sh community 

A 10lal of 7670 fish from 59 species were collecled. 
Figu res 4a and 6a 10 68 show ail ecologies! para metcrs fo r 
the fi sh communily in 24- h samples and during differenl 
months. A broad variation, mai nly of biomass. species 
numbcr and average sizc of fish (g ind - I ) , is evident. During 
the monlhs of AuguSI, Dcccmbcr, February, April and 
June , Ihe biomass shows a peak bcginning at 18 : 00 hours 
and reaching a maximum at 24 : 00 hours. A similar pallern 
occu rred fo r spccies number and average fish size. T his 
pattern can bc explained by major fecding activil ies of large 
carnivorous fi sh (second and Ihird-order consumcrs) which 
feed largcly on molluscs, polychaetes and crustaceans whieh 
are more available and abundant du ring carly night hours. 
Sorne dominant speeies produce a second peak (i.e., 
Oetobcr. A ritlS melallopus, Nirholsina ustus, tllfit/llllS gri
~us, Urolophus jamaicensÎS, Diodol! hyslrix, Corvula SQlle
lOeludae ; Fig. 6b and 8. 
February shows the moSI simple pallem of variation. This 
ean bc explained by the simple commu nity structure during 
Ihis month as indicated by the low diversity and biomass 
values (Fig. 7). By cOntrasl, August, Octobcr, December 
and July show a complex pattern rclatcd to the more 
complex structure of Ihe eommunity, as indieated by the 
highest values of dive rsi ty and bio mass. 

""' ,,,,,, . ... ,.' " '"" 0.0' , 
__ ~U'---_ ,. _ ""_ --"'C' _ -'''' 

.... ,. 0.01' 

Figures 5 and 6a to 6g show Ihe general nichlhemeral 
community structure in terros o f speeies diversity, frequency 
and presence/absence of fish species. Cenain hOU TS of Ihe 
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0"' day arc eharacterized by panicular specics. Figu re 5 indica· 
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tes that carly nighl hours arc ecologkaUy rclated 10 each 
other as wcll as 10 the hours with maximum ligbt. Dendra-
grams 6a to 6g indicale Iwo main groups of fish : a group of 
spceies whieh have broad distribulion ail day , and a group of 
spccies distribu ted ooly al cenain hours, mainly during Ihe 
nigh!. Olhe r spccies do not prese nt a regulaT pallern . 

Annual cycle 

The lowest values of community ecological parameters were 
recorded in February, bUI this mArks the bcgin ning of a 
pulse whkh shows Ihe highest values of diversi ty (H'n), 
biomass (g m- Z) and speeics nu mbcr in Octobcr. In April 

Figure 5 
DI!/Idrogram$ of the clusluing of sampling haurs 
shawing «ological affinil~s in diffuem nwmhs, 
based on presence/absenu of fiJh JfNC~J. GroupJ 
aff defined for hourJ which prtselll a Jimlll3r 
compcJilion of fiJh populafioru. Dark hoUrS are 
«ologically rtfatrd (see Fig. 2). 
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Dendrogram of /I~ dus/ering of fish popula/ions showing ec%gical 
affini/ies bastd on frequtncy (lnd prtstlICtlabstlICt during Ilnich/he· 
"'t ral cyc/t . FiJI! sptCÎts Wtrt plactd in diJ/ributional çaltgorÎts 
(illdicattd by Iht durk Spol) baud 011 a lWQ·way IOble (24.h vs. 
SptÔts) gtntralt d will! lM dUSltr ana/ysis. The dtndrogram rtf/t CIS 
groups A a/rd 8 dt/intd Jor [/SI! populotions whiçh ço·o«ur sfJOlilllly 
and temfICrally in diffeTenl houTs. 
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Figllrc 6 
f)tndrognw! of Ill/.' crus/tmrg of fil/' pflpufllllQllS s/'owing rcofogu'llf 
af/imuts baud fin frtql/~I")' ulld prfUl/ct/absence dl/ring a mell/h!'· 
meraf cycft. Fislr SptCII!S wtrt plaud 1/1 di.flribUlifll/(/.f eu/tgories 
(mllieU/td by Ilw Ilurt SPflI) based QII U II<'o·way rubft (24·h l'S. 
SPfClt S) gtll/.'ru/td wirh the cfUJ'ler ulra/yslS. The dtndrogram rtfltets 
grQ"pJ Il und H dt /ilWd for M/' popt.lallol/s "'RlCh eo·ouur spoliaffy 
alrd /é'n/Pflraffy III d/ffr1'l!1II Rmlr$. 

adults of fcw sJX!cics werc eaught , as is suggested b)' the g 
ind · ( index, and corroborated b)' the invcrse rclationship of 
the biomass (H'w) index wilh standing crop (g rn - I ). 

From Octobcr 10 February . the values of communit)' 
ecological paramctcrs dccrease. as there is an evident 
immigration throughout the area , to the sea as weil as to the 
[agoon. The resu[ts dcscribcd in Figure 7 are corrclated with 
dimatK:: conditions (Fig. 3) and the environmental parame
ten of the habitat (Fig. 2 and 3), 

~' 
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I-ï gure 7 
Tt mporal dis/ribllliol/ of « ologieal pura~ltrs of lM Mh cOn/mu' 
Iril)': bion/(/.ss (g In -l). Jptciu mll/lbt r, nu~rieal dil·t rsi/y (lfn), 
wtighl dil'trsi/)' ("\<Ij and al'eragt siu of paPUhlliol1S (g ind-I). in 
Puer/o Real fnftl. TI~ /igUft rt flrelS /he bimodal dis/dbu/iOf! of 
biomass d/lring lhe fltriod of high ; ll'tnift immigrariol/ (OelolHr) 
al/d Iht prtUflCt of a mort uniform papu/4lwn of wr8tr flSh d/jring 
April. Ste /t.r.1 [or txpwnolion. 

Domi.ruanl spedes. communlly Inhabltants and khlhyOlrophk 
<:1ltagories 

Of the 59 spccies collccted , 20 (Fig. 8) made up 28 % of the 
numbcr and 75 % of the weight of the catch. Thc)' were 
Archororgus rhomboidalis. Orthoprisfis chrysoprer!4S, /Jae
mulOIl plumieri, MonilcamJws hispidus, Chilomycterus 
sc"oepfi, Sphoeroides /eswdilleus, Lutjam4S grise!4S, 8ajr· 
dielfa c"rysura, Corvula sallcUle·lucio.e, HaemulOIl auroU· 
neatum, Anisotremus l'irginicus, /JaemulOIl bonuriense, 
Nicholsitl(J uStllS, E!4cillOSlomus gula, Diodon hysrrix, 
Odomoscion demex, AriuS melanopus, Urophus jatrnlicen· 
sis, Arius Jelis and Archosargus probatocephulus, 

These spceics wcre brondly diSlribulcd throughout thc ycar . 
It must bc rcmcmbcred that IhÎs information is based on 
trawl-caught fish. Trawls can bc selective for sornc fish but 
catch othcn vcry incfficientl)'. Fast swimmers are often 
underreprese ntcd in trawls, whilc fish which live in very 
shallow habitats are common in thcsc catchcs. Figurcs 7 and 
8 show abundancc , diversit )' and biomass in the differcnt 
sampling months. The prese nce of a few large sJX!cimcns 
cxplains the inverse relationship bctwee n density and bio· 
rnass in this area (Fig. 7 and 8). Seasonal changes in densit)' 
and biornass rcsulled primaril)' from the influx of juveoilcs 
from Apri[ 10 Octobcr. 
Residcnt sJX!cies (14 %) wcre found in Pueno Reallnlct at 
ail IÎrncs (Fig. 9). They reproducc and geow to maturit)' in 
or near the inlet and apJX!ar to leave rarely, if e\·cr. Scasonal 
visitors (49 % ) use the inlet in a regu[ar reJX!ating pallern 
and $Cern to bc depcnde nt on it at sorne stage of thcir life 
c)'cle. Common examples in this group arc estuarine·depcn
dent sJX!cics spawn offshore , move into thc inlct as juve ni
les, and rcturn to the sea as adu[ts. Occasional visitors 
(37 %) had no regular pattern of use of the lagoon. In 
placing each sJX!cies into one of the three catagories, wc 
look into account trawl selcctivit)' and the ecological criteria 
me ntioned under " methods ". 
The JX!netralion of fish sJX!cies iota Puerto Real Inlet is 
either of a Irophic nature or is [inked to reproductive cycles 
(i.e . . pathwa)' of imm igration through Términos Lagoon or 
I,jce versa). 
More than 49 % of the fish sJX!cies wcre second·order 
consumers (Fig. 9). Thcse sJX!cies showed grcater affinit)' 
for a partK::ular habitat. This is not surprising since most of 
thcse sJX!cics are demcrsal and many have fair l)' sJX!ciric 
feeding habitats : thus, the)' would associatc themsclvcs 
morc closel)' with part icular habitats than would higher 
consumcrs that range widel)' over the inle!. Second·order 
consumcrs arc morc important in determining characteris-
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MOn/hly «olcgicof fXlf/l
/Tte~n of domiflOnt s~
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nU/Ttericol diytrsltr (H n), 
wtight dil·trsitr (lfw) 
ond tktUitr of populotion 
(ind m Ol), ln PUtrfO Rtol 
Jn ~f. Somt of IlItm show 
Q bimodal distribution of 
biomasJ. hlgllly corn/al
td wilh Figun 7. StOlon
al progromming of diffo
ren/ ecologicQI pat~rns 
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Figure 9 
TtmporQI distribution of communitr inhabi/an/S ond ichlhyofrophic 
CQ~gor~s of IlIt fish commun/ly in PUtrto RtQI Inkl. CydicQI or 
sttlSOool fish .sp«~s ond J«Qnd orfhr COfUUmtrs t:ln domioon/ in llIt 
communily Stru<:/Urt. QclOtnr t:lnd Ftbruory Qn llIt limiu of llIt 
communitr pul.st. cO'rt/a~d wirh Figurt 7. Stt lUI for aplorwtion. 

tics of pank ular fish communities bccausc o f their numene
al abundance . habitat SpeCi rlCity and wide 1T0phic range. 

Multlvariatt analysis 

ln order to summarizc the info rmation obtained on the 
scasonal cycles o f populations. the factorial method of 
principal components was ut il izcd. After rotation, the fi rst 
two factors (1 and Il) accounted fOf 44.5 % and 38.0 %, 
respectivel)' . o f the total variance. Thus, 82,5 % of the 
correlat io n matrix in format ion is represe nted in the reduced 
space of thesc two factors and this representation ma)' 
the rcforc bc considered an exce llent synthesis. The 7-month 
plot in this space foJlows the chronological ordcr of sam
pling (Fig. 10). The sequence shows sudden changes 
bctwec n February and April, June and July, and August 
through Dcce mber, which correspond precise ly to the thrce 
major hydroclimatic changes. Thcse arc. respective ly, the 
beginning o f the dry scason, the bcginning of the rainy 
season, and the bcginning o f the wintcr storm (" no rtes") 
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Figure 10 
Principal eOmpontlll$ t:lnolysiJ. RtUztivt position of llIt montJr.s În t~ {irSI 
IWO fr1clOrs t:lnd proporrion of 10fll/lit:lrWlK't. Stt IUt for apUzl'l(llion. 

season. Dctwecn mo ntly collections, Kendall correlation 
tests were made for each factor a nd the corresponding 
values of te mperature. sa lin ity . and transparency. Tempera
tu re appared as the only parameter significativcly correlaled 
(Table 2), showing an inverse relatio n with facto r 1 and a 
direct one with facto r Il . Thercfore . it seems thal salinity, 
which is a high ly variable p8ramcter in the inner lagoon (4-
35 %) but has attc nuated va riations in the pass. docs not 

Table 2 
Kt ndall eorrtlutiOl1 coefficitnu btrwttn mon/MS' l(){Jdings t:l nd 
J t:lbiotic paramtltrs (- 0.005 significant Itlitl). 

Te mperature Salinity Transparcncy 

Factor 1 - 0.62- - O.OS - 0. 15 
Factor Il + 0.62- - 0.24 - 0.35 
N of pairs 7 7 6 
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constilute an important factor for fi sh in this particular 
zone. However , temperature appears to be a good indicator 
of qualitative and quantitative changes in the fi sh commu
nity. 
Oaget (1976) in a similar sludy on a fish eommunity in an 
African lagoon with marked salinity variations (Ébrié 
lagoon , Ivory Coast , Africa) , found comparable results, but 
corrclated both factors with salinily. On the other hand , 
Sabins and Truesdale (1974) , studying a fish co mmunily in a 
natural tidal pass with attenuated salinity variation (Iike 
Pue rto Real) in Louisiana , considered temperature to be a 
good criterion for defin ing species assemblages. There, a 
cold assemblage oceurs fro m November to April and a 
warm one from May to O ctober. 
Thercfore, the pass provides a unique and original habilat 
with relation to the enl ire lagoon. This analysis has shown 
that , while salinity variation constitutes an important para
meter for fish populations in the inner part of the lagoon , 
the pass represents a Iypical marine fealu re with tempera
ture as Ihe dominant variable. 

CONCLUSIONS 

1) ln 24-h cycles salinity and lemperature were eorrelated 
with tidal stage and light pcriod. Salinity and water tempe
rature show a scasonal pulse with lowest values dudng the 
month of Dceembcr and highesl values in June . 
2) The results demonstrate that the geographic orientation 
(sea or lagoonwards) of the trawl more than the tidal 
current direction , has a definitc influence on sample charae
tcristics, thus re llccting the relalive seasonal importance of 
immigrat ion and emigration of fish. 
3) A broad variation , mainly of biomass, diversity and fi sh 
size, is evide nt during 24-h cycles. This finding is explained 
by major activities of large carnivorous fi sh (second and 
third-ordcr consume rs): fi sh and their food arc more 
available and abundant dudog carly oight hours. 
4) The lowest values of the eommunity eeologkal parame
ters we re reeorded in February , but this marks the bcgin
ning of a pu lse which reaches its highest values of diversity 
and biomass in October and is evide nt in a migration 
througho ut Ihe pass, both to the sea and to the lagoon. 
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5) ln the pass, 14 % of the fi sh species were permane nt 
resideOls, 49 % seasonal visitors, and 37 % occasional 
visi tors. The penetrat ion of fi sh iOlo Puerto Real Inlet is 
either of a trophic nature o r is linked tO reproductive cycles. 
More than 49 % of the fish species were second-order 
consumers, most of them are demersa1. Becausc of their 
numerical abundance and habitat speeificity, second-order 
consumers arc more important in determining charaeteris
tics of particular fish communities. 
6) The pass, a distinct habitat , is a pan icular subsystem o f 
the Términos Lagoon complex. This analysis has shown 
that , while salinity eonstitutes an important parameter for 
fish populat ions in the inner part of the lagoon , the pass 
represents a typical marine fealUre l'o'Îth temperature as the 
dominant variable. 
7) A succession of spccies is demonstrated in the eommu
nit y showing that the Puerto Real Inlet is a dynamic 
ecosystem of transit ional ichthyofauna. The syste m repre
SCOIS the entrance to the estuarine lagoon ecosystem of the 
interior of the Términos Lagoon . 
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