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Términos Lagoon was sclcClcd for siudy bccausc of: 1) its biologieal divcrsity, in Icrms of 
both spccics and habitaiS; 2) ils valuablc fish, oysle r, shclUish. and wildlifc rCSOUTces j 3) ils 
rclationships with Campeche Sound, the mesi important fi shcry area in the Gulf of México ; 
and 4) ils proximity to present and proposcd oil indust ries. The ecological characterization is a 
description of the imponant components and processes that make up the ecosyslem , stressing 
functional relationships and synthesizing cxisting information from the biological, ehemical . 
physK:al, and cnvironmental sciences. The ecological eharaeterization collates what is known 
about the natural resourees of the area , describes areas of probable cnvironmcntal impacts. 
aids in development of mitigation procedures and alternatives for minimizing environmcntal 
damage. and hclps idenlify researeh needs. 

The lagoon has a mooerale seasonal pulse of lemperalure and light . and the area has slrong 
near-permanent physieal gradients and a high diversity of eSluarine habitats. prevai ling winds 
cause a net inflow into the easte rn inlet and a net outflow from the weslern in lel , whieh ereales 
high salini ty and elear water conditions in the eastern end of Ihe lagoon. The major river 
discharge is into the western part of the lagoon, ereating turbid , nutrient-rieh waters with low 
salinity. An inlet delta is bcing formcd on the lagoon side of the eastern inlet. Most biologieal 
proccsscs ineluding assemblages of bcnthic and fish popu lations arc sirongly influenced by 
these gradients. Extensive grass bcds occ:ur in the northeastern end of the lagoon and a 
succession from grass beds to mangroves in taking place on the emerging delta. Extensive 
oyster reds arc located in the weslern pan of the lagoon near the river mouths. Phyloplankton 
production , chiorophyll lcve is. and mangrove li l1er-fall are highe r in the riverine area. Nekton 
larvae and juvenilcs generally enter the lagoon through the eastern inlCI, re flecting prcvailing 
currents. Peak rive r discharge is in Octobcr, when the highest primary productivity and entry 
of juveniJcs occur, 
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lagoons, 

Caractérisation écologique de la lagune de Términos, système lagunaire tropica l 
du Gol fe du Mexique. 

La lagune de Términos a été choisie pour cette étude en raison de : 1) la dive rsité des espèces 
ct dc! habitats; 2) la qualité des ressources en poissons, huîtres. coq uillages; 3) ses relations 
avec le détroit de Campeche. la plus importante zone de pèche dans le Golfe du Mex ique; 
4) la proximité de raffineries. La cantctérisation écologique consiste en une desc ription des 
composants ct des mécanismes de fonction nement dc l'écosystème . en mettant l'accent sur les 
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relat ions fo nctionnelles ct en synthétisant l'in formation disponible rclati\'e aux sciences 
biologique, chimique. physiquc ct écologique. La caractérisation écologique fait le point sur 
les connaissances concernam les ressources naturelles de la zone étudiée, décrit les zones 
sensibles aux amé nage ments, aide le déve loppemem de techniques douces d'aménagemem el 
propose des solutions de remplacement pou r sauvegarde r l'environnemem: enfin , sen li 
mettre en évidence des besoins de connaissance. 
La tempé rature ct la luminosi té dans la lagune présentent une certaine stabilité saisonnière; 
cette zone est caractérisée par un gradient permane nt des fa cteurs physico-chimiques c t par 
une gra nde diversi té de biotopes estuariens. Les vems dominams som â l'origine d 'un nux 
cntram d 'cau de mer dans la passe Est , et d 'un nux sonant dans la passe Ouest, çe qui entraîne 
de fortes salinités dans la partie oricmale de la lagune. Les apports fluv iaux sont importants 
dans la part ie occidentale de la lagune CI provoquent de fo n es turbidités ct un enrichissement 
des caux e n nutriments. Dans la passe, un delta est en voie de formation du côté est. La 
plupart des phénomènes biologiques sont dépendants de ces gradients. Des herbiers très 
importants s'éte ndent dans la partie nord-est de la lagune ; les herbiers sont progressivement 
remplacés par la ma ngrove dans le delta en cours d'émergence. Des bancs d'huîtrcs très 
é tendus sont si tués dans la part ie occidentale de la lagune près de l'embouchure de la rivière, 
La production phytoplanktonique , les concent rations en chlorophylle c t les quantités de 
matière o rganique provenant de la mangrove sont plus élevées dans la zone fluviale. 
Les lalVes ct juvéni les de poissons pénètrent da ns la lagune par la passe Est fi cause des 
çoura nts dominants. Le débit maximum du neuve sc silue en octobre en mê me temps que les 
plus ro rtes productions primaires et pendant l' immigration de juvéniles. 

Ouano/. Acta, 1982. AÇles Symposium International sur les lagunes côtières, 
SCOR/IABO/UNESCO , Bordeaux , 8-14 septembre 1981,431-440. 

INTKO D UCTION 

Estuarine ecosyste ms arc do minated by a diversificd physi
cal environment. EstuarÎne physical factors include winds, 
tidal a nd riverine effects, heavy nutrie nt loads, high lurbi· 
dit y Icvels, and turbulence. Moreover, in highcr lati tudes 
there is a si lOng seasonal pulse of lempcrature a nd sunlight. 
Much of estua rine ecology is an investigation of the effect of 
Ihi) variablo.:: at.. iulic cnvirollment on the biOla (Day , Yanez
Arancibia , 1982). 
Térmi nos Lagoon i5 an excellent si te at whkh 10 stud)' 
physica l-biological interaçtions ror a number of reasons: 
1) because of ilS tropical location, thçre is no strong 
seasonality in sunlight and Ic mperature as in higher lati tu
des. T hus, in effecl. the unique estuarine riverine·t idal 
interaction is isolated rrom tempcrate scasonal va riabililY ; 
2) the re arc two in lets connecting the lagoon wilh the Gulf 
of México. Regional winds and coastal cu rrents cause a net 
innow through one inlet and a nel outDow through the 
other, a circulation pattern that leads to strong semi· 

permanent gradients in salinity, tu rbidity, sedime nt lypeS, 
and nUlrient levcls ; 3) estuarine habi ta ts in the lagoon arc 
dive rse, including mangroves, submerged sea grasses, 
marsh grasses, oyster reefs, areas of high sedimentat ion. 
and low salinity in the oligohaline zone. The errects o f the 
physical environment can be studied in each casc. 

T H E PHYSICAL ENVIRONMENT 

Regional sdting 

Términos Lagoon is a large (:t: 2 500 km!), shallow (mean 
deplh 3.5 m) coastallagoon bordering the southe rn Gulf of 
México in Campeche , Méxiço (Fig. 1). Offshore is located 
Ihe Bay of Campeche, an area wilh a broad çontine ntal 
shcif. This rcgion supports one o f the largest marine 
fishcries in México. The lagoon is at the base of Yucatsn 
Peninsula and boarders two gcologic provinces. To the cast 
is the Yucatân Peninsula. characterized by Jow rainfall. 
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Figure l 
Tlrminos JAgoolI 011 CamptcM wast. 
sowh(fn Gulf of MlxlCO. sht!"';111 Ih( moill 
((ologlcul subsys/(ms. LQ(ulr"tll's K'lIh 

muril/./' ÎlIflUI'II<I' urt! BRP ; PI/l'riO Hfal 
fil/l'l, PC; Plm/u Gordu, CA: Bujos dl'! 
(j1)'Q, Esr ; Es/uo ParlQ. FI""u! lal;OOII 
SySffm.f (U( CP; CUlld(ÛJrr{l-l',mÛJu , C liS ; 

ChumfHlII-Ba/chac:ah, Pt. : Paflzada-del 
Es/t'. PA ; Pom·AI05/a. 
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calcarcous soils. a nd I1Q signifieanl surface drainage. To the 
west and south arc the lowlands o f Tabasco and the 
highlands of Chiapas and GUaiemala. an area of high 
rainfa ll and fluvial soils. The Usumacinra-Grijalva river 
syste m ( the largesl in México and sccond largest in the G ulf 
of México) discharges inlo the Gu lf about 70 km to Ihe 
west. Three main rivers enter the lagoon : the Candelada, 
the Chumpan , and the Palizada (a distributaf)' of the 
Grijalva·Usumacinra). 

ClImalk IInd c1rtulation patterns 

Thcrc are three • scasons" in this region (Fig. 2)_ From 
June until lhe e nd of Scptcmbcr. there are almost daily 
aftemoon and evening showers_ From Octobcr inlo MaTch 
is the scason of. nones " or winter storms. These Slorms 
are generally strongest and associated with rains during 
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Figure 2 
Clima/~ rda/io llsMps ill Térmillos Lageoll. Da/a for /em~ralllrt, 
prtcipi/arioll (it, mm). al/d days will, • 1I0r/tS " IIrt mOll/hly mtllll 
l'II/lItS (lIdllp/td from Bravo NÛfltl, Y4iitl·A rllrn."ibia, 1979). Wil/d 
di"l/iol/ a/ld ,'docity IIrt IIItal/ va/lits for tach ollhe 12 dirulions 
indiealta (adapltd {rom MafICiI/o , Vargol'. 19(0). Rh·tr discMr~ 
dDlil art {rom S. H. II. (1976). 
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Novembcr, Dcccmbcr and Januaf)' . February through May 
is the dry season. Annual precipitation averages 168 cm. 
Scasonal precipitation pattems over the drainage basin arc 
similar to the local pattern. Temperatures in open lagoon 
waters range bctween 27 and 33 -c. River discharge into the 
lagoon rcflects rainfall, as indicated by annual dischargc 
patterns for the Candelaria and Usumacinta rivers (Fig. 2). 
TOlal average river discharge inlo the lagoon is estimaled al 
6 )( 10'1 m3 yr- I (Phleger, Ayala·Castanares, 1971). The 
southwestem part of the lagocn receives more than 50 % of 
Ihe freshwatcr input. The replacement time for lagoon 
waters lost Ihrough rivcr discharge is about 1.5 years. 
There arc two quite distinct wind systems (Fig. 2). Dudng 
.. nOrtes • . winds are from the nonhwest (segments 11 and 
12, Fig. 2). Mean wind speeds arc slightly higher than 8 m 
sec. - 1. For almost ail the rest of the year, there is a 
sea breeze system , with winds predominantly from the 
non h·northeast (segment 1. Fig. 2) and east-southeast 
(segment 4. Fig. 2). Average sea breezc velocity is bctwcen 
4 and 6 m sec. - 1. The easte rly orientation of the sea breezcs 
reflects the regional influence of the trade winds. There arc 
essentiatly no winds (rom the southwesl. 
The most st riking feature wilh rcgard to circulation in the 
lagoon is thc strong net f10w from cast to west caused by the 
prevailing easterly winds (Gierloff·Emden . 1977). "Mancilla 
and Vargas (1980) measured a nel westerly f1U}! of 1 350 ml 
sec.- I . Results trom a preliminaf)' hydrodynamic model o f 
the lagoon (Graham et al. , 1981) indicate a maximum flux in 
the passes of about 6000 ml see. - I . Thus, roughly one
fourth to onc-third of the watcr Ihat enters Real Inle t on a 
typica l tidal cycle ultimately leaves through Carmen Inlet. 
The net flux is also indicated from model output o f net 
currents (after tidal eurrents havc been filtcred out , Fig. 3) . 
The strong westerly flow is a reflection of wind-driven 
currents. There is a mixed diurnal tide wilh a range of about 
0.5 m whieh is in phase at the IWO inlets. 
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Figure J 
Ntl turrtlll ,·t/oôly in nrmillQS Lagooll IIfttr lidll{ tUrrtIIIS art 
fi/ltrtd OUI. Cau 3 p"un/S I~ fol/ol<'ill8 toru/ilions: 5 m $«. " 

K'i"d is impoud {rom lhe NE (45 dtg. "fillb·t 10 lM X·cuis) ,. river 
infloK'S a" 133 rrr' $«. - , al/d J8 mil«. - 1 (avrra~ aI/nuai dis
CM'St) for lhe Pa/izadll ami CJl/dt41rw ri~"t:rs, rtspte/h'tly ,. this il 
lhe (Q.Jt whieh slt(ldy Ira/k winds a" hypolhesiud 10 iru/uet lhe 
..,tsII<'urd IItl fllIX. Cau -1 " 'us illltndtd 10 obstr.'t the fiktly tlftclS of 
the ~ norlt. I<'ind : u 10 m 1«." w{mI {rom NW (135 dtg. "/Qti~'t 
10 the X·cuis) is impoud .- rivtr flow, ..,t,t U I al 19 nr' S#!l. - , (fro m a 
hydrod)'lwmic modd of tht lu800ll by Graham c l al .. 1981) . 

Three histo rie Landsat imagcs which ponray gross ci rcu la
tion p.1ltcrns arc prescnted. Figures 4, 5 and 6 arc band 5 
images takc by Landsat 2 on 8 Octobcr. 1979 (the e nd of the 
rlliny seasen). 16 January. 1978 ( .. nortes .. scason). and 
16 February. 1979 (dry scason), rcspectivc!y. Il is surmiscd 
that Figures 5 and 6 were taken during flooding tide under 
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Figure 4 

umdsa/ 2 image ofnrmillos Lagoon. 8 OClObtr, 1979, al/he elld of 
Ihe faill)' season. Balld 5, for sedimelllS and d rCII/mion. PhO/ogrilph 
COUrJe5y of Oonald S. Graham (Tudor Ef/gineerillg Compan)', San 
Frilllc!JCO, Califomia) (wd Johll M. /lil! (Depl. Civil Engilleeril/g, 
LOlliJia'la Sime VlliverS;ly, /Jaloll ROI/ge, umiJialla). 

Figure 5 
lAlldsul 2 irrwge of Térmi1l05 LAgcwlI. 161a/JIlary, /978, dl/ring 
« IIOries . seasotl. IJalld 5, red for sedimenl!J alld circl/lall(JII. 
PholOgraph cOI/ries)' of Do'lald S. Graham (TI/do r Ellgilletrillg 
Compally. SI/II Ffl/llci$co. Califomia) alld Jolm M. Hill (~pl. CMI 
ElIgulferillg. LOJU.swl/a Siaie V/J/I"/!fJlly, BU/cm RougI!, Lol/lJlalla). 

~ 

'lf, " ~ .. ;-. ~~ ; - . 
I-ïgurc 6 
Lalldsal 2 Image of Tàmin05 Lagoon. /6 l'ebruary, 1979, illhe I!nd 
of Ihe ~ IIOrles » season tltld demng dry seasoll. /Jalld 5, red for 
sedimel/Is and cjrw/a/Ïol/. PIJOIograph courlesy of Donald 
S. Graham (1;,dor Engilluring Compally. San Frallc!sco , Co./Jfor
nio.) and 10hn M. Hill (DePI. Civil Engincering. Lou/suwa Siaie 
Vnil,tfsily, 80.1011 Rouge, 1A/liJ/a ,w). 
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.. none" conditions, which commonly prevail du ring the 
winter (Fig. 2). The turbidity (which is high-lighted in 
band 5) follows the patterns indicated. Circulation close to 
the island is evident, as arc the intrusions along the SW and 
NE shores. and the IwO large whirls in the center of thc 
lagoon. An ebb tide sequence on a somcwhat cloudy 
Octobcr day is depicted in Figure 4. From this image the 
seale of the outJct plume at J>ueno Reallnlct can bc seen, as 
weil as its deflect ion to the cast (Graham el al., 1981). 
Rcgarding the net flows of cases 3 and 4 (Fig. 3). it can bc 
seen thal cither can produce the westward f1ow, although 
the transverse distribution of ve locity is different. The net 
flux for case 4 ( .. nones JO season) Is faseinllting. The general 
f10w patterns shows that the wind set·up in the southeastern 
pan of the lagoon forces the net flux along the barder 
island. while producing a local outflow along the southern 
shorc (Fig. 3 case 3; Fig. 4). 
The rcsu lts of the cited studics and our observations indicate 
several factors: 1) li significant portion of the water enter
ing Pueno Real Inlet leaves through Carmen Inlet , but the 
water entcring through Carmen affects, al mosl, the western 
third o f the lagoon ; 2) water flows in fo r a longer pcriod 
(± 15 hrs.) than out dudng a typical tidal cycle at Pueno 
Real Inle t, while the reverse is truc at Carmen Inlet ; 3) a 
freshwater buffer from the rivers generally prevents the 
saline waler that enters Carmen InJct (rom flowing direetly 
along the southwcstern shore. 

Geological processes 

Therc are two principal sediments sources in the lagoon : 
riverine fluvial sediments and calcareous sediment from Ihe 
bcach zone cast of the lagoon (Phleger, Ayala-Castaiiares, 
1971). These IWO sediment sources and the circulation 
pattern result in a strong sediment-type gradient. 
Calcareous sands predom inate in the Puen o Rea l lnlet aTea 
and along the back of the island, while si lly sediments are 
found in the soulhern and western zones. The water is much 
cJearer in the easte rn part of the lagoon. Most of the 
.sedi ments in the central lagoon 1:01l13ill l:loou1 50 % cal l:Îum 
carbonatcd j Olt the river mouth the content is 30-35 "1." and 
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Figurc 7 
Dis,ribUliOlI of calcium carbOl/(lle in sedilllellls, and o.ssemblo.ges of 
fiJramimfi'r(J (odaplfd frolll PMeger. Ayala-Ca$/ano.res, 1971). 



near Puerto ReallnJct there is more than 70% (Phleger, 
Ayala-Castaiiares, 1971 ; Fig. 7). 
Two major inlet deltas are being formed. On the lagoon side 
of Puerto Reallnlet, a broad delta of calcareous sediment is 
forming as a result of the net import of water and sediments 
through that inlet. The outline of a similar della , a relie, can 
bc seen in the middle of the Isla nd (Fig. 1), indicating that 
Puerto Real Inlet will eventually close (Thom , 1969). The 
delta at Carme n Inlet is bcing formed on the Gulf of Méx.ico 
side and is composcd mainly of riverine sediments. 

Lagoon chemlstry 

Salinity is higher in the eastern part of the lagoon and during 
the dry season. During Ihe pcriod from 1964 to 1966, 
Phleger and Ayala-Castanares (1971) recorded values from 
25 to 36.5 ppt in the northeastem part of the tagoon near 
Puerto Real Inlet , and from frcsh water to 28 ppt in the 
southern and western parts. Bravo Nu nez and Yânez
Arancibia (1979) measured values (rom 26 to 39 ppt in 
Puerto Real Inlet during 1976- 1977. Salinities as high as 
40 ppt have been reeorded in semi-isolated small bodies of 
water during the dry seasan (Ley-Lou, 1979; Vargas 
Maldonado et al. , 1981) of 1976-1978. In 1972 the average 
salinity in the lagoon was 33 ppt in the dry seasan and 26 ppt 
in the wet scason (Carv'}ial, 1973). In 1974, Ihe values were 
33.5 and 21.9 ppt, respectively (Botello , Mandelli , 1975). 
NUlrient chemistry in the lagoon is determined by circula
tion , river ftow , and biology. This is reftected in the results 
o f Botcllo and Mandelli (1975), who measured a number of 
chemical parameters al 27 stations in May and Novembcr , 
1974. May is the fina l !ponth of the dry season , and peak 
river ftow occurs just bc fore Novembcr. Mean salinity 
during May and Novembcr was 33.5 and 21.9 ppt , respccti-
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vcly. The concentrations of PO.- p and N02 + NO) - N 
were 2.6 x and 2.2 x higher, respcctively, in November; 
however, the concentration of NH4 + was 3.8 x higher in 
May . Dissolved oxygen reached 147 % saturation in 
Novembcr and 99 % saturation in May. The higher PO. and 
NOl + NO) concentrations were obviousty due to riverine 
input . This leads to higher gross and net aquatic primary 
productivity (to be discusscd later) , and thus 10 higher 
oxygen Icvels. Higher NH", + during May is pcrhaps due to 
bcnthic regeneration combined wilh lower flushing , more 
reduced condit ions, and biological activity. Plots of nutrient 
concentration versus salinity indicate a negative relalionship 
during the wet seasan for phosphorus and to a lesscr exte nt 
for NOz + NO) (Fig. 8). The threc wei $Cason JXlints that 
fall above the general cluster oceur in a zone where waters 
with low and high salinity mix and probably repre$C nt 
Iransient conditions. For NOz + NO), ail statio ns with 
values above 10 ~g at 1- \ were sampled close to oyster reefs 
or ThalassÎa bcds. They may reflect high community meta
bolism and low flushing. 
ln summary, sali nit y and riverine input $Cern to bc correlat
cd to phosphorus and the ox.idizcd forms of inorganic 
nitrogen during the wei scasan. During the dry seasan, 
inorganic chemical levels $Cern to bc more a factor o f local 
conditions such as turbulence , scdimenltypc, and biological 
act ivity. Thcrc i5 a decrcasc in both nilrogen and phospho
rus with increasing salinity, but it is espccially pronounced 
for nilrogen. This may reflee! the fact Ihe nitrogen is 
normally limited in estuarics (Postma, 1969 ; Mec, 1978). 
Supcrsaluration of oxygen during the wet season indieates 
net primary production. 

BIOLOGICAL PROCESSES 

Flora aoo primary production 

The distribution of piani communities within the lagoon 
clearly reflects conditions of circulation, water clarity , and 
salinity (Fig. 1). Sea grasses oceur in dense bcds along the 
tagoon side of Carmen Island and espccially on the delta of 
Puerto Real Inlet. Lcss vigorous stands grow along the 
castc rn and southeastern shore. The most abundant spccies 
is Tlmlassia lestudinum. Hornclas (1975) measured 382 g 
dry weight m- 2 of tota l biomass of Tlmlassia along the inner 
sidc o f Carmen Island. Ha/odu/e wrighlii is the colonizing 
spccics, espccially in the delta region. Rcd mangrove , 
Rhizophora mangle, is prcscntly invading the shallower 
parts of the delta. . 
Diatoms dominale the net phytoplanklon o f the lagoon. 
G6mez-Aguirre (1974) idenlified 45 genera of phyto
plankton. Thirty-four wcre diatoms , 4 dinoflage llates, 3 
chlorophytcs, 2 cya nophylcs. and 2 rhodophytes. There 
were very few unidentified spccic5 of si licoflagellates and 
coccolithophores. Diatoms in the sediment samples arc 
marine types and appcar to bc gcnerally distributed 
throughout Ihe lagoon (Silva- Barcenas, 1963). 
Almost ail of the lagoon is bordered by mangrove swamps 
which cxtend up the rivers and associated lakes to the limit 
of marine influence. Three spccies, Rhizophora mangle (red 
mangrove) , Avic:enia germinans (black mangrove) , and 
Laguneillaria raeemosa (white mangrove) dominalc the 
swamps, while Conoearpus ueerus is cncounlered occasio
nally. Day el of. ( 1982) measured the composition of 
mangrove swamps on transeCIS at the mouth o f the Palizada 
River and at a site with high salinilY on the lagoon side of 
Carmen Island. R. mangfe was the most abundant al the 
river site . The abundance of L. raeemOSQ was similar at bot h 
sites. Trees at the river sile werc on the average lallcr (15-
25 m as compared to SolO m al the island site) and in general 
more robus! . 
The productivity of mangroves and chlorophyll levcls arc 
highcr in rivcrine areas. Day el of. (1982) measured 
mangrove liuer-fa tl at thc mouth of the Palizada River 
(Boca Chica) and along a small high·salinity channel on thc 



A. YANEZ·ARANCIBIA. J . W. DAY 

· • o , 
o 

· , 
" 

!:! ,. 
; 
· • o 

Figure 9 

TO T AL Ll TT ERFAL L 

, ' . .. . ' . .- , ' . ' . 
" ONT"' 

LIT TER DECO MPOSITIO N 

• . 

o 

••• 0 •••• - 0.<0 ,." . ... " ..... . 
~ ........ . 

........ . .. " •• '''00 ... " ..... . .. ........ . 

'-c.".~.'.~.'.-'."'-"~",--c .. " ,- .. " ,CC,,>'. ,n .~. ,:-;-;1. 
DAU 

TOUl/liller·foli and lirter·bag decompositio/J al Il 10'" sali"if)' riverine 
sile (Bo(a Clri(a) and a higlr sali/ri/)' sile (Eslera Pargo ,- adapled 
from DIl)' CI ~I., 1982). 

lagoon side of Carmen Island (I:.stero l'a rgo). The highesl 
101.11 litterfall at both sites oceurred during a season of rains 
and high river f10w (Fig. 9) . Tota l liner-fall was 1 365 g dry 
wcighl m 2 yr- 1 at the rive rine si te and 986 g dry weight m-z 
yr- l at the high salinity site. Litter deeomposition was 50 % 
more rapid at the rh'crinc site (Fig. 9). Light-dark oollic 
oxygen productivity and ch lorophyll concentration wcrc 
measu red al a nu mber of sites throughOut the lagoon by 
Da) ('1 tll. (1982). l'lanktonic photosynthesis. respiration, 
and chlorophyll were highcr in turbid, low·sali nity, river· 
influeneed areas. Rivc rine input affccted mangrove produc
tivity and chlorophy l1 Icvels. Litter bag decomposition 
measurcments of mangrove leaves we re also higher at the 
riverine site. wilh 24 % remaining after 6 months as 
compared 10 50 % at the high·salinity site. Chlorophyll a 
concentrations ranged from 0.3·8.2 mg/ml. There was a 
scasonal pattern in Chi a concentration, with the lowest 
mcan values (:!:: 1 mg/ml) dudng Ihe dry season (February
June) and the highest mean values (:!:: 5 mg/mJ ) du ring and 
following the rainy season. l'hytoplankton produclivity 
ranged from 0.87 to 5.5 g O! m J day- I. The productivity of 
Tha/tlssia w~s highest du ring the dry scason and ranged in 
clear high·salinîty waters from 0.68 to 4.6 g cm2 day-I : 
Uenthic mieroalgal procluctivîty was 101'0' (0.3 g cm! day-I ) 
and limited 10 a narrow zone near shore. Overall gross 
produclion in the lagoon was 2.6 g O2 m- J day -I . 
This Îs the same area fo r which BOlello and Mandclli (1975) 
rcponed high nutrient Icvels (sec Fig. 8) . G6mez·Aguirre 
(1974) found the highe~1 volumes of net phytoplankton in 
the passes and the lowcst volumes in low-salinil)' arcas. This 
may indicate that most of the metabolism and chlorophyll 
are associatcd with nanoplankton, a findi ng similar to those 
in Olher areas (Williams. 1973). Near the river mouths therc 
is a strong seasonal pattern for ehlorophyll whieh eorrelatcs 
with river f10w ; this pattern is less cvident in areas with high 
salinity. 
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The distribution of foraminifera in the lagoon reflects 
circulation and sediment patterns. Four distinct assemblages 
wcre reported by Phleger and Ayala-Castafiares (1971 ; 
Fig. 7). A mixed fluvial assemblage occurs in and near Ihe 
river mouths. Open gulf foraminifcra arc round in Puerto 
Real Inlet and along the southeastern side of Carmen 
Island. and lagoon foraminifera occur in Ihe Gulf al Carmen 
Inle!. The living population ra nges from about 250 to 900 
spccimens/lOcm1. These standing stocks suggest relatively 
high rates of orgllnÎe production in much of Términos 
Lagoon , probltbly as a result o( the high river runof(, which 
earries into the basin the Iraee mate rials that encourage the 
development of lhese organisms. 
The nticromollusca in Ihc lagoon are typical of saline bays 
and ncarshore areas and arc somcwhat more related tO 

open·ocean assemblages than to those in a closed bay. 
Gastropods arc more abundant than pcleeypods. and thc 
assemblage is fairly uniform over the entirc area (Garcia· 
Cubas. 1963). Garcia·Cubas (1981) found at least 171 
macromollusca spccies: 96 gastropocls, 72 pclecypods. 2 
ccphalopods, and 1 polyplacophoran. Therc i5 a pattern of 
distribution, divcrsity and frequency; it is possible to 
ident iry and eharaclerize fi ve fauna l assemblages. highly 
corrclated with salinity, substratc, and primary producers in 
the differenl habitaIS: a) limnetic areas; b) f1 uvial·lagoon 
systems; c) inner lagoon associated wit h Términos 
Lagoon; d) Términos Lagoon central arca j and 
e) marine·i nfluenced areas. Specics with commercial 
Împortance in the arca arc: Ral/gitl f!exllosa, Ral/gia 
ml/gial/('lIa cUlleata, and Polymesoda carolillealla (in fl uvial· 
lagoon systems) j Crassosrrea virgil/Éca (in inner lagoons 
associatcd wit h Terminos Lagoon) j Crassostrea rhi20plwra 
(in rna rine·influeneed areas) j Metol/gena metol/gel/a, Pieu· 
roploca gigalllea. and Stromb/Is a/a/I/s (in marinc·i nfl uenced 
a rcas). 
Thiny·nine spccies of ostracos wc rc recorded in the lagoon 
by Momies (1966). Bccausc of the wid~ [arlg~ Îu w<l l ~ r 

5.1 Iinity, the ostracod faulla eonsisls most ly of euryhaline 
spccics. Three moderatc1y weil defined ostracod groups 
characterize the oystcr bank. lagoon. and washover delta. 
Approximalcly half the spccics of ostracods idcntificd in 
Términos Lagoon were found at stations where the re was 
rapid transi tion from clear watcr rich in submerged vegeta· 
lion 10 lurbid water. Morales (1966) reportcd that the 
ccological rcquiremenls diffcr widely (rom one spccies to 
another wi th in a genus. so that using a single genus as an 
cnvironmcnt indicator may resull in inaccuracies in paleoc
cologic work. 
Polychaetes arc typical of saline b'lys and arc dÎstributcd in 
three assemblages controlled principally by salinity and 
sediments (Marron. 1975): a) west zone; b) central zonc ; 
and c) cast zone. Typical species in lhe west zone are 
COSS/Ira candida and l'riO/Jospio pilll/Ota: in the central 
zone, Ollllphis qlladrici/spis and Diopalra cuprea; and in 
the cast zone. the spccies found arc Sigambra bassi. Thar)'x 
pl/n'us, and Antionella sarsi. The three zoncs arc highly 
correlaled with salinity. tu rbidity. and sediment type. 
PoTifera and echinoderms, which arc essentially marine 
fauna occur in thc lagoon in areas with great and persiste/II 
marine influence. Thcre arc nurnerous sponges that occur in 
associ"tion with sea grasses and macroalgae. i.c .. Dysidea 
e/hI'Tea. Dysidea fragilis, PellÎlIO coeliformis, Ilaliclol/a 
hogarthi. Plilocal/lis lIlargueZÎi. Placospongia cadl/ata. 
Alllhosigme//a varians. and Chol/drilla lU/cula (Nu nez. 
1979). The samc ceological relationship is truc for echino· 
derms ; and Casa (1979) rcported the following speeies; 
LlrÎdia clathrata, EchillOsler serpel/tarÎl/ s, Oplliolri-.: al1gl/
la/a. OphiOlri-.: sl/cl/sOlzi. Ophiclis savignyi, Ophiophragml/s 
wurdemallis, Amphiodia guillermosoberol/i. Ophioderma 
C'Î1/I'Tel/l1/, Oplrio/epis elega/ls. Arbaci" pzmcl/lata, Lylechi· 
mIS variegallu. and EchÎl/Omelra {acullfer. Both sponges and 
cchinoderms arc abundant in Puerto Rcal Inlet and on the 



lagoon side of Carmen Island , while e pibcnthic animais arc 
found frequent ly on mangroves roots (Espinoza. 1980). 
Numerous marine and estuarine spceies of deeapoda oceur 
in Térmi nos Lagoon . The dominant spcc:ies arc those that 
ean bc termed slow·swimming nekton , Le. , Collineclt$ 
similis, Collinee~$ $Opidus, Collinee/es bocurti, and four 
speeics of pcnacid shrimp ( Ibarra , 1979 ; Signoret , 1974). 
Pel/oells ~/iferus is most abundant in the southwestern side 
of the lagoon , Pe,wel4$ QZ/ecus in the west side o f the lagoon 
nca r Carmen Inlet, Pel/aeus duorarum in the cast side of the 
Ingoon near Pue rto Rcal Inlet , and Xiphopeneus kroyeri in 
the west side and in Ca rmen Inlel. The distribution and sizc 
of the JX>pulation indicale that migration into the lagoon 
Otturs through both inlets but mainly through Carmen Inlet 
(Signoret , 1974). 

Nekton 

Nckton arc a very conspicuous and imJX>rtant comp<lIle nt of 
the fauna of Términos Lagoon and Ca mpeche Sound 
(Bravo Nûiiez, Yâiicz-Arancibia , 1979 ; Amezcua Linares, 
Yaiiez-Aranc:ibia, 1980 ; Vargas Maldonado et Qf. , 1981; 
Lara Dominguez e/ al., 1981 ; Sanchez·Gil el al., 1981 i 
y aiiez·Arancibia et al., 1981 ; 1982 ; Aguirre l.c6n et al. , 
1982; Diaz Ruiz et ol., 1982). This subjeci was treated in 
detail by Yaflez-Amncibia et al. (1980). They discusscd the 
ecology for 121 fish spccies: 15 species (12 %) had a broad 
distribution and composed 78 % of the lotal numbcr ; 
12 spccics (10 %) were permanent residents; 55 spcc:ies 
(45 %) used Ihe lagoon as a nu rsery j and 55 (45 %) were 
occasional visiton; the laller penetrations are probably 
cithe r of a trophic nature or arc Iinked to reproductive 
cycles. The presence of these spccies in estuarine waters is 
variable in time ( Yaiiez-Arancibia et al .• 1981), as il is often 
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transient in nalure and limited to particular areas and 
periods of the year (Yâflez-Arancibia et al. , 1982). 
22 % of the fi sh species were herbivores, detritivores or 
omnivores j 51 % we re primary carnivores, and 26 % were 
highe r carnivores. Organic det ritus is a major dietary 
CQmpone nt o f the first-ordcr consume r fishes. Small crusta
ceans, molluscs, a nd polychaetes aS,well as sorne small finl
order consumers serve as the main diet of the sccond-order 
consumers. The top carnivores fecd largely o n Ihe first and 
second-orde r consumer fi shes and macrobcnthic forms. 
Mo re than 50 % of the fish spceies arc second-order 
consumers. These spccies showed the greatest affinit)' for a 
particular habitat (Yâflez· Arancibia e/ Q/. , (981). This is not 
su rprising since most of these spccies arc dcmersal and 
man)' have fairly specific fecding habits; thus, the)' would 
corrcla te more closel)' with particular habilats Ihan would 
highe r consumers that range widcly over the lagoon. Also , 
bccause of their nume rical abundance and habitat speeifi
cit)' , second-o rde r consumers arc more important in deter
mining characteristics of particular fi sh communities 
(Yâflez-Arancibia et of., 1981 ; 1982). 
Cluster anal)'sis W8S used to group fi shes according to fauna l 
similarit)' ( Yaiiez-Arancibia el al., 1980 ; 1981). The groups 
corresponded to major dirferences in the physkal make up 
o f the lagoon. Soulhem and northern shore groups of flShes 
were shown (Fig. 10 and Il). Therc was a consiste nt pattern 
of migratio n wilhin the lagoon reflecting prevailing cur
rents. The season of maximum juvenile influx from the sea 
(Septembcr to Novembc r) was during the time of maximum 
rive r flow and Otturred primarily through Puerto Real lnlet 
(Yâflez-Ara ncibia et al. , 1982). 
Fish produclivity was 7.4 g wei weight m- 2 year - 1 in bcds 
o f 'fhalassia ncar Pue rto Real Inlet (Yâflez-Arancibia , 
1980), and 8.5 g m- 1 )'ear- I in the fluvial-Iagoon s)'stems 
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Figure 10 
DC1Idrogram olilu· clusserj1lg ollocalil~s 111 s/Udyarea (su Fig. J) uslng lM CanberrtN,se/ric Index 01 dmimitafilY a'id g,ollp-al'erage Sl.lffl/Ig. 
A ; bu~d on pff!stllcelabun« 01 fish spteies. B ; bau d 011 dwracserislics ol /wb/lal. C: based 011 habiUlI pIla pfestmulabsellet ulld mlmuical 
ablmilan« of fish spec~s. Fish spec~s k'Ut placed in /hff!e broad dislribu/iO/UlI ealegof~s (Indicfl/ed by lhe Ihret enc10sed aff!as) bosed 011 u /10"0-
" 'ay lublt (/ocalitks vs. species genera/ed by lhe clUS/er arwl,.sîs. The /ff!f1îs dwgram shows lhe pftselll alfilllly based on pff!se~/Qbsellu 01 fish 
spec~s. The denilrogram alld tff!flis dwgrflm jndicfl/e a proboblt PU/Wf/I 01 migrO/ioll whithin lM lagoon (illdicated by orrows) ftflee/ing 
prt l'uiling CUfff!I1U a" d tire d/versity oftsll4afi/1e Iulbl/QU (adap/ed /rom Y6ik:-ArallCibw ct al., 1980). 



A. YÂNEZ-ARANCIBIA. J . W. DAY 

Figure Il 

r[ · ." • : -• 
i • .. 1\1 .w 
a·80 , 
• 

... 

• III 

nAtlON$ 

Dtndrocrorn of lhe elusluing of /OCOUlieS in studyorto (su Fig. 11 
fo r sorne/illg SIOlion) using lht slmpk ,/Ul/Ching cOtffiâtnts index of 
sirn/wrily and llu: sillg/t finkilge elu,Uuing nrelhod. TIu: df!ndrogTom 
Tt fltcl$ high Statu llca/ cOTrewlion of fish popuwlioll StTUC/Urt with 
lhe tC%gica/ hobiral of lhe ecosystem. iI/usITated in Figurts 1 tmd 
12. 3j 42j fish illdi~idllals WUf! proctsud frum July 1976 10 A pril 
/ 98/, "ne/uding 134 fish sptcits. 27 sptcies (20 %) Jw~t 0 brood 
di.srriblilioll alld compriM 88 % ln number alld 89 % ln welght of 
lOta/ catCMS (alter Ydikz·ArancibiD ct al., 1981 ami unpubfished 
dota), 

(AmeZCUA Linares, YMkz· Arancibia, 1980). Diversity and 
biomass indices renected changes in number of spccies and 
individuals during the yea r, and sorne were highly correlat
cd with tempcralUre and salinity. Mean biomass at diffcrcnt 
sa mpling stations ranged from 0,95 to 4.2 g wet weight m-1 
and H' from 004 to 3.2. Fishery research in Ihe lagoon is 
complieated by 1) the large number of spccies prese nt in a 
community (134 fi sh speeies, yanez·Araneibia el al., 1981), 
and 2) the difficulties of determinins: fish ages and growth 
rates. In the absence of truc product ion data , yield exprcss
cd as wcight/area is often used as an index of production. In 
ge neral , fis hes in this area grow faster and have shorter life 
cycles than ma ny fi sh in temperate climates. The growing 
season extends over the wholc year and rceruitme nt OCCUTS 
throughout most of the year, Ecologically complcmcntary 
spccies hclp incrcase yiclds; many species ean wilhstand 
poorly oxygenated waters; and food is generally available. 
Typieal fis h spccies of Té rminos Lagoon with broad distri
bution in ail subsystems arc: Chloroscombrus chrysllntS, 
Cynoscioll lIehulosllS, ChaelodipteruJ faber, Arius feUs, 
Arius melal1Opus, 8airdiella chrysura, Cilharichlhys spi/op· 
lerus, E,lônostomlls gulo. Sphoeroides leslUdineus, AlIChoa 
m ilchilli and DiapleruJ rhombeus, At the same lime. 
partieular fish spccies arc also dist ributed in particular 
habitats inside the lagoon (Fig. 10, 11 and 12), 

CONCLUSIONS 

1) Two inlcts connect the lagoon with the sea , and thcrc is a 
strong net westerly flow through the lagoon caused by 
prevaili ng casterly winds. This circu lation panern leads to 
strong scmi·permanent gradients in salinity, lurbidity, 
nutr icnt levels and sediment types , whieh rcsult in assembla· 
gcs of foramini fcra , assemblages of benthic macrofauna. 
and migration of fish and shrimp. 
2) There arc three climalic scasons: the rainy $Cason from 
June to September ; the scason of .. nortes .. , or winter 
storms, from Novembcr into March ; and the dry season 
from February 10 May. The southwcstern part of the lagoon 
receives more than 50 % of the freshwatcr inflow. 
3) There is a high diversity of estuarine subsystems in the 
lagoon , including low salinity and braekish-marine man· 
grove. swamps, sea grasscs, marsh grasscs , areas of high 
sedimentation. oysler reefs, and oligohaline areas. 
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Delldrosram of /he elustering of foca[;ties in smdy area using lhe 
simple ma/chillg coeffi<ienl$ imiu of simiwrlty and lhe singlt finkilge 
elus/tTillg nrethod, baud on allnU(l / environl1Xntal c!uJractenstics of 
lhe f!COsySltm ( Table). TI~ dtlldroSTom rej/ecu fiVt (J 10 IV ami 
P~rIO Realillfel) groups IIf Sla/jo,1S which Iwrt defiMd as dif/trttl/ 
IuJbilau (aftlfr Y6~:: Arancibi<l c t Ill., 1981 and Impublislied dura). 

4) l'here arc two principal sediments sources in the lagoon : 
dverine fluvial sediments and ealca reous sediments from Ihe 
bcach zone cast o f the lagoon. 
5) Sa lin ity is highcr in the eastern part of the lagoon and 
du ring the dry seasan. Nutrient chemistry in the lagoon is 
dctermined by ci rculation , rive r now , and biology. Salinity 
and riverine input arc the main controlling factors for 
phosphorous and oxizcd forms of inorganie nit rogen dudng 
the wet scason. During the dry scason, the levels of 
inorganie ehe mieals scems to be causcd by local conditions 
such as tu rbulence, sediment type . reducing state, and 
bioiogical activity. 
6) The produclivity of both phytoplanklon and mangroves 
is highcr in riverine areas. The supersaturation of oxygen in 
sorne areas du ring the wei $Cason also indieates high rates of 
nCI production. 
7) Senthic populations arc rclated to different subsystems 
in the lagoon and arc controlled by salinity, river now , 
turbidity , and sedi ment types. 
8) The ana lysis of nekton affinity shows a high degree of 
statistica l significa nce with habitats within the lagoon. In 
coloniling the lagoon, fish migrate mainly through Puerto 
Real Inlet, while shrimp on the other hand , sec ms 10 
migrale mainly through Carmen Inlct. 
9) There is relatively litt le commercial fishing in the lagoon, 
but the largesl commercial fishery in México is in Campechc 
Bay . The lagoon is imponam to the fishery as a nu rsery and 
fc cding area for various fish and shrimp populations. 
10) This paper hns deseribed the ecology of Términos 
Lagoon in terms of biologieal processes adapted to the 
physical and chemical environ ment. Seeause of the 
complcxÎly of the lagoon ecosystcm, wc believe thal major 
efforts should be directed ta modelJing water resources. 



Table 
Mor,t tcolQgiCol charaCltriJliCs of sllbsystems in Tü mrnos LAgool/. 

Subsystems 
(Fig. 12) 

Puerto Real Inlet and 
Carmen Island Inner 
area 

11 Central basin 

111 Auvial-lagoon 
systems 
Eastern (111. 1) 

Western ( Ill . 2) 

IV Carmen Inlet 

Annual salinity Transparency 
(X ppt) (Cv %) (X %) (Cv %) 

29 22 50 

25 22 43 49 

23 23 45 43 

36 29 47 

25 29 24 36 

X .. average. Cv = Coefficient of variations. 

Thcsc modcls should simula le climatie conditions as derived 
slat ist ica lly from empirical data for Ihe lagoon. The index 
condit ions of the lagoon tha t predict adverse cffeels shou ld 
bc made availablc to planners sa Ihat specifie action 
programs can be designed . Important resu lts have shown 
quantital ively four (1 to IV and Pue rto Real) main eco logi
cal subsyslems (Table, Fig. 10, II and 12); thesc resu lts 
open the way for studies whieh in the near future will 
provide: 1) an ide ntification and quantification of ecologi
cal connect ions bctween Té rm inos Lagoon and thc fishe
ries; 2) Imple mentatio n of a hydrodynamic-eeological 
model of thc lagoon ; 3) prediclion of changes which may 
occur duc 10 human aClivities; and 4) development of a 
series of conceptual models for the analysis of eeological 
and economic connections in the Términos region. 
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AknowledgemenlS 

Strong sea walcr influencc. Rclatcd wilh 
Habitat II during dry season. Sand and 
silty-clay with 30 10 70 % CaCOJ • Macroal· 
gae, sea grasses and mangrove swamps. 

Transition zone. Relaled wilh I·Jabilal 
during dry season and with Habitat 111 in 
.. nortes ~ and rainy scason. Muddy with 
fine sand and clay-silt with 30-40 % CaCO,. 
Maeroalgaes. 

Strong riverine influence: 

Related with Hnbita t [1 during dry scason. 
Silty.clay with fine sand with 20-30 % 
CaCO). Scagrasses, mangrove swamps and 
oyster recfs. 
Relaled wilh HabitaI IV during dry season. 
Silty-clay wilh 10 10 30 % CaCO,. Man
grove swamps and oysler recfs. 
During .. nortes .. and rainy scason Ill. 
and III. 2 are rclated wit h Habi tat Il . 

Variable zone duc 10 marine and fre shwaler 
interactions. Rclated wi th [If. 2 during dry 
scason and with Habita ts 1 and 11 during 
.. nortes ~ and rainy scasons. 
Clay-sih with lesser Ihan 30 % CaCO). 
Mangrove swamps and macroalgae debris. 
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