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LAGOONS IN NORTHWEST MEXICO 

Al3STRACT 

FRED H. PHLEGER* 

AcusTÍN AYALA-CASTAÑAREs** 

Long ancl nar01r inlet-channels into Morancarit and Huizachc-Caimanero Lagoon 
rcsult in devclopme n t of only inner lagoon water masses reílected by inner lag·oon and 
marsh assemblage, of foraminifera. 
Occurrence o( an inner lagoon assemblage of íoraminifcra in Yavaros Lagoon, a 
small lagoon with free access to thc opcn-occan, is duc to drainage frnm an 
agricultura] arca. 
H11izache-Caima11e ro Lagoon is filled with water during the rainy season. At this 
Lime most of the estuarine water entcrs from thc Caimanero inlet-cha1111e! anti 
mcst of the outflow of runoff water is through the Huizachc inlet-channcl. This 
flow is rcfl ccted by the ncrnrren cc of one open ocean species of Foraminifera 
nea r thc .Cairnanero inlct -channel, an inne r lagoon assemblage in the Caimanero 
basin anti no Foraminifera in the Huizache basin. 
f.xperirnental flooding of Et.choropo Lagoon with estuarine and irrigation water 
resultcd in vcry large standing stocks of Foraminifera, whcre none had previously 
cxisted, within tlnee months after flooding and rapid turnover of the population. 
The Yavaros area lagoons developed on the delta of the Mayo River and source of 
sediment for thc lagoon barrier is from the west. The Etchoropo and Moroncarit 
basins are almost ful! of sediment; the Yavaros basin is rapidly filling with sedi­
ment bro11ght in by the drains from the irrigated arca. 

The Huizache-Caimanero Lagoon is esscntially fillcd with scdiment. The inner 
lagon harrier was formed by sediments from the north when thc Presidio River 
was farther sout.h anti the .Baluarte River was farth er north than now. Channels 
travcrsing this inner barrier record a flood and rclocation of the river effluents. 
The outer harrier was c:leposit.ed hy ~ediment d erived from the Baluarte River 
recording a change in direct ion of net sediment transpon. A recent shi(t in positions 
of the Presidio and Baluarte Rivcrs is bclicvcd to have resultcd from an intense 
flood. These events correlate with those described previously in acljacent Nayarit 
State by other authors. 

RESUMEN 

Las características de los largos y delgados canales que comunican a la Laguna 
Huizachc-Ca imancro con e l mar a trasés de los estuarios respectivamente d e los 
ríos Presidio y Baluarle, sólo permiten el desarrollo de masas de agua de laguna 
interior. scgün indican los conjuntos de foraminíferos encontrados, que son carac· 
terísticos de lagunas interiores y marismas. 
La presencia de un conjunto de foraminiferos indicati\'o de laguna interior en 
la Laguna de Yavaros, una pequeña laguna con acceso libre al océano abierto, 
es debida al drenaje d e una zona agrícola. 
La Laguna de Huizache-Ca imanero se ll ena de agua durante la época de lluvias. 
En ese momento, la mayor parte de las aguas estuarinas entran por el canal que 
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comunica a Ca itlla11cro con e l estuar io del río Baluarte y la mayor parte del [l uj o 
de salida d e agua es a través del canal q ue comunica a Huizach e con el estua­
rio d el río Presid io. F.sle flujo se refleja en la presencia d e una especie de fora mi-
11 íferos d e mar abierto en la porción su r de Ca imanero, cerca del Estero d e Agua 
Dulce, un conjunto característico de laguna inte rior en Caimanero y ausencia ele 
fo raminíferos en Huizache. 
La inundación experimen tal de la Cuenca de Etchoropo con agua estuarina y de 
irrigación originó poblaciones muy graneles de foraminíferos en un período de 3 
meses d espués de la in undación y u n rápido cambio en la población en sitios 
donde anterionne11 te no existía nada. 
El área de la Laguna de Yavaros es parte d el desarrollo complejo d eldico del río 
Mayo y la fuente de sedimen tos para la formación ele la ba rrera arenosa es desde 
el occidente. Las cuencas de Etchoropo y Moroncárit están prácticamen te llenas d e 
sed imentos; la cuenca de Yava ros se está re ll enando rápidamente con sed imentos d es­
cargados por los drenes del {1 rea de irrigación . 
La Laguna H uizache-Caimanero está esencialmente llena de sedimentos. La barrera 
a renosa in terior flie fo rmada por sedimentos procedentes del norte cuando el TÍO 

Presidio estaba mucho rmís a l sur y el río Baluarte estaba notablemente m,ls al 
norte que en la a_ctualidad. Los canales que atraviesan esta barrera interior m ues­
tran u n a inundación y reubicación de las afluentes d el río. La barrera exterior fue 
depositada por sedimen tos deri vados del r(o Baluarte registrando un cambio en 
la dirección del transporte neto ele sedimenw s. Se nota un cambio reciente en la 
porción de los ríos Pres idio y Baluarte, posiblemen te como resultado de u na in tensa 
i11undación. Esos eventos se correlacionan con los descritos p reviamen te en N ayarit 
por otros a u to.res. 

INTRODUCTl ON 

Two areas o( Mexican coasLal lagoons 
have been studied to evaluate their 
pote ntial as national resources, particul­
a rly shrimp fi sh eries. One area in sou­
thern Sonora contains Yavaros and as­
·socia ted lagoons and the other is the 
Huiza che-Caimanero Lagoon in southern 
Sinaloa (Fig. 1). M embers of the U ni­
versidad Nacional Autónorna de México 
havc investigatecl secliment clistribution, 
sorne chemical interactions, ecology 
of sorne of the organisms ancl biological 
procluctivity in these areas. The purpose 

of the presen t st udy is to i nterpret the 
assemblages of [oraminifera as inclicators 
of the clifferent lagoonal environments, 
and to <liscuss sorne aspects of the pro­
bable development of the lagoons. The 
i nterpretations are based on prelimin ary 
collections a nd studies. vVe believe, 
however, that we have macle progress 
in understanding sorne lagoonal environ­
ments not previously reportecl. It is 
hopee! that our results will serve as a 
st imul us to more cletailed studies in 
these and other areas. 

YAVAROS LAGOON AREA 

DESCRIP"CTON OF THE AREA 

The Yavaros L agoon area is located on 
the Gulf o f Cali fornia, in th e southern 
part of coastal Sonora, from 26°50'\,V 
Lat anc! 109º25'W Long to l09º50'v\T 
Long (Figs. 1, 2). lt is aparto( a coastal 

plain a ncl del ta complex formecl by the 
Mayo River, ancl the present river forms 
the western boundary. I nl ancl from the 
lagoon there is a large agricultu ral area 
which is at a n elevation of about 2 rn 
above Yav<1ros L;igoon anc! slopes gently 
upward inlancl. vVater from the Mayo 
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Figure l. Locations of areas. 

Ri ver is usecl for i rrigation, .a nd the 
agricultura! area is drainecl o( excess 
water through the series of drainage 
canals which flow into the lagoons. 

The climate of. thi s region is semi­
arid, with a rainfall of approximately 
300-400 mm/ year mostly during summer 
months. Mean monthly temperatures 
range from a maximum of about 30ºG 
in July and August to a mínimum of 
about J5ºC during December-February. 
Evaporation rate is approximately ten 
times the annual precipitation. Prevail­
ing winds in summer are southeasterly 
ancl during the rest of the year are 

northwesterly. There are infreguent 
storms of gale force. 

The Yavaros .area consists of three 
"lagoons" which h ave different geogra­
phic narnes but are a part of the same 
lagoon system (Fig. 2). Yavaros Lagoon, 
the largest of the lagoons, is irregular 
in shape, is 4-8 Km wide and extends 
along the coast for abotlt 12 Km. The 
inlet has a maximum depth of 10 m 
ancl there is a well-developecl lagoonal 
channel system which has been (illecl 
with sediment in the inner reaches of 
the three embayments within the lagoon. 
Drainage canals from the agricultura! 
area enter the lagoon at fo ur locat ions 
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where small deltas are associated with 
the et:rluents. 

Moroncarit Lagoon is connected with 
lower Yavaros Lagon by a narrow inlet­
channel about: 10 Km long. T he lagoon 
floor is basi n-shaped and is very sha)low, 
with a maximum depth of about l.5 m. 
A drainage ca nal from the agricultura! 
area enters on the east and there is a 
small delta at the effluent into the 
lagoon. There is also a small delta at 
the end of: the channel from Yavaros 
Lagoon. 

Etchoropo Lagoon consists of a series 
of smal!, connected basins at an eleva­
tion of about -0.5 to -0.8 m. The source 
of water for this irregular basin was 
previously runoff from the Mayo River. 
At present the Mayo River is dammed 
for irriga t ion water, and as a result 
Etchoropo Lagoon only receives water 
at times cf unusual Hood when excess 
runoff is cliverted to the river cha nnel. 
This is infrequent, and cluring recent 
years most of the lagoon has been clry 
most of the time. 

T ides are recordecl at the port of 
Yavaros and at two other locations, one 
of them near the inlet (Barra Lobera) 
and the other inside Yavaros Lagoon 
(Pecio El Carmen). The range of most 
Lides varíes approximately frorn. 0.5 to 
1.0 m, ami the averagy range of spring 
ti des is a bo1.1t 1.3 m wi th occasional 
spring tidal ranges as great at 1.7 m. 
The clelay of the tide from the inlet 
to the port is 30 minutes ancl from the 
inlet to the inner lagon the delay is 60 
minutes. 

The sediments of Yavaros Lagoon are 
dominantly fine sand, except on the 
inner borclers where somewhat finer 
material occurs. Fine-grained secliment 
characterizes Moroncarit Lagoon and 
the area surrounding the estuary leading 
into the lagoon. Presence of si lts ancl 
clays at these location s is partly a result 
of cleposition at the encl of the ticlal 
excursion where current velocities are 

low. The som ce of the silts and clays 
is the soils of the area which are tran­
sponed into the lagoons through the 
drainage canais, as is most evident in 
the pattern of sedi ment in Moroncarit 
Lagoon. 

The source of the sa ncl for the lagoon 
barrier is the Mayo River. The barrier 
is 3.5 Km wicle at its eastern encl, narrows 
abruptly to 1 Km in the central pan 
and is less than 0.5 Km wicle on the 
west side of the inlet to Yavaros Lagoon. 
The barrier on the east side of this inlet 
is very narrow ancl obviously "sand­
-starved". Low, parallel beach ridges 
occur locally in the central part of the 
barrier wi th a pattern inclicati ng c!rift 
of sancl toward the east. 

Surface water temperatures reported 
from the adjacent Gulf of Cali[ornia 
range from about J8ºC in Febraury to 
30° in August (Roc!en, 196'1). Ranges 
o[ water temperatures within the lagoon 
are somewhat greater especiall y in the 
inner lagoonal basins. In J anuary tem­
peratures as low as about 13ºC are 
reportee!. Diurna! ranges o[ 8ºC or more 
also occur. Extremes of temperatures 
ancl the largest diurna! ranges occur in 
shallow inner basins such as in Moron­
carit Lagoon (Arenas, 1970). 

Saiinity of the adjacent olfshore Gulf 
of California surface water is about 35 
to 35A%o (Roc!en, 196'1). The sal inity of 
the Gulf water entering the lagoons 
is modified by evaporation in the part­
ially enclosed basins and by clrainage 
of essentially fresh water from the irriga­
tion are a; these factors resul t in marked 
salinity variations within the lagoons. 
T h is also a ffects the nearshore water 
immedi.ately adjacent, as reflectecl in 
sal inity variations of 23%0 to 38%0 re­
portee! by Arenas ( 1970) from the i nlet 
to Yavaros Lagoon. T his must reflect 
considerable variation in the volume of 
fresh water draining into the lagoon 
from the i rrigated are a, as well as seas­
ona l range in evaporation rate. 
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Sorne saliniLy records ·within the 
lagoon are higher than those a t the inlet; 
this occurs in i nner rea ches · where there 
are n<' drain age effluents, such as in 
the southeast :irm of the lagoon. Sal ini­
ties in Moroncarit Lagoon, on the other 
hancl, are lower than Gulf water. T his 
is a result of the flow of fresh water 
clrainage into the small shallow basin. 
It also is clue to the slow rate o( supply 
of water from Yavaros Lagoon through 
Lhe long ancl narrow channel connecting 
with Yavaros Lagoon. 

Currents within the lower pan of the 
main lagoonal channel have been re­
corclcd with velocities as high as 60 
cm/ sec cluring a tide range of about 
l m. 

ECOLOGY OF FORAMINl FF.RA 

I N YAVAROS AND MORONCARLT LAGOONS 

Foraminiferal popu lat ions at all sta­
tions in Yavaros L agoon contain few 
species and are domi natecl by Ammonia 
beccarii ancl Elphidum cf. E. translu­
ccns, typical lagoon forms. Approxim­
ately six nearshore open-ocean species 
are very rare at the stations in the lower 
Jagoon, ancl together with the two 
dominant species form a Jower lagoon 
fauna . A fauna interpretecl as represent­
ing an inner lagoon one occurs at sta­
tions in the northerly embayments of 
the lagoon (Fig. 2). Faunas in Moron­
c.tri t channel are an inner bay assemb­
lage; in Moroncarit Lagoon the faunas 
are inner lagoon ones also containing 
living specimens of Miliammina fusca, 
a marsh form . 

The inner lagoon assemblage in Ya­
va ros Lagoon indicates the presence of 
a n ecologically d istinctive water mass in 
the inner reachcs of the bay. This water 
mass is formed by runoff from the 
irrigation drainage canals, since the inner 
lagoon assemblage occurs only in places 
a ffected by dra inage such as in the 
northwest arm of Yavaros Lagoon. The 

ecology of the foram ini fera in Moron­
carit Lagoon is a mixture of inner 
lagoon ancl marsh; this appears to 
reflect the slow exchange of water with 
Yavaros Lagoon through the lo'ng a ncl 
narrow Moroncari t Channel and the 
runoff from the drainage canal. T he 
marsh which borders this channel also in­
fluences the environment in the lagoon. 

Un usual! y large standing stocks of 
foraminifera (living specimens/ 10 mi 
wet surface sedim ent) were collectecl 
at the following locations: 1) station s 
20, 34 and 37 in the southeast arm of 
the lagoon, 2) station 22 at the effluent 
of Moroncarit Channel into Moronca­
rit Lagoon, ancl 3) station 13 near the 
effluent of Moroncarit Channel inLO 
Ya va ros Lagoon. U nusually small stand­
ing stock were collectecl at two stations 
near the border of Moroncarit Lagoon, 
at two stations near the border o( Y<t­
varos Lagoon and at stations in Moron­
carit Channel. 

The presence of high standing stocks 
in the southeast arm of Yavaros Lagoon 
probably is related to the higher than 
normal salini ty which occurs sorne of 
the time in that part o[ the lagoon. High 
standing stock of (oraminifera are rc­
ported from Laguna Madre, Texas 
(Phleger, J 960) , Ojo de Liebre, ancl 
Guerrero Negro Lagoons, Baja Califor­
nia (Phleger and Ewing, 1962); these 
lagoons are h ypersaline. The high 
organic product ion, indicatecl by large 
standing stocks, is a result of consta 11t 
re-supply of sea water containing nu­
trients ancl trace materials necessary Jor 
plan t growth. 

The large standing stocks near Lhe 
effluents at each end of the Moroncarit 
Channel may be attributed to the mixing 
of runoff water from the irrigation 
drainage channel with sea water from 
lower Yavaros Lagoon. Unusua lly large 
standing stocks of foraminifera are re· 
ported offshore from Main Pass in the 
Mississippi Delta (La nkford, 1959) and 
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near Lhe mouth of the Guadal upe Ríver 
in San Antonio Bay, Texas (Phleger 
and Lankforcl, 1957). T hese large popu­
lations have been attr ibuted to trace 
materíal s introcluced by the rivers. Roth 
nutrients and trace materíals are in­
trocl ucecl from the fertilizecl agricultura] 
areas through the channel whích Uows 
into Moroncarít Lagoon. T hís water 
mixes wíth sea water introd uced into 
Moroncarit Lagoon during the llood 
current and the ebb current causes 
furth er mixing in lower Yavaros Lagoon. 

EXPERIMENTAL FLOODING O F ETCI-IOROPO 

LAGOON 

Etchoropo Lagoon was fillecl with 
water by engineers of Secretaría ele Re­
cursos Hidráulicos by means of a canal 
traversing Lhe lagoon from east to west. 
M'arine or estuarine w.iter was intro­
duced from the estuary of the Mayo 
River on the west and irr igation water 
was introduced at the eastern end of the 
cana l. This experimental floocling was 
done to determine whether the lagoon 
basín coulcl be established as a com­
mercial shrimp fishery. 

The first flooding was in April, 1970. 
Mcmbers of the UNAM monitorecl the 
salinity and temperature ancl estimated 
shrimp ancl fish populations at frequent 
intervals for a few month s. The average 
depth of water in the basin away from 
the canal was approximately 50-100 cm. 
The water temperatures are higher 
than the Gulf of California surface 
temperatures clue to rapid solar heati ng 
of the shallow water. 

T he sa linities in Etchoropo Lagoon 
are a function o[ the salinity ancl rate 
of water flowing [rom the Mayo River 
estuary, the rate of fresh flo·w irr igation 
water, the high evaporation rate, and 
the solution of residual salt which was 
in the sediment before floocling. The 
sal ínity of the water entering l'rom 
the Mayo estuary on lhe west usually 

approximates that o[ G111f water, but 
has ranged from about to 38%0- The 
water at this end of the canal enters 
through a gate which opens during flood 
current and doses during the ebb cur­
rent:. Salinities measured at the eastern 
encl of the canal range from 5 to 8%0 , 

The water in the míddl e part of the 
lagoon is hypersaline with maximum 
observed salinities ranging from 40 to 
60 %0- Short periocl variations in saliní ty 
are reportee! to be large (Carranza , 
1970). 

Populatíons of shrimp and m11llet are 
reported by Carranza ( 1970) to be very 
large in the floocled Etchoropo Lagoon. 
T his indicates a rapid migrati on of 
these forms into the area from the G ulL 
Dry sediments from severa!. locations 
within Etchoropo Lagoon were examin­
ed for tests oE foraminifera before flo­
oding; only two specimens were fou nd 
at one location. Sarnples of 10 mi of 
surface sediment were coll.ected on Jul y 
7, l 970, after flooding, for analyses of 
the foraminifera. T he locations of these 
stations and the salinity of th~ water 
are on Figure 2. All samples contained 
living foraminiJ:era ancl at sorne statíons 
very ]arge standing stocks were present 
(Table 1). 

The assemblage o( foraminifera ís a 
marsh ancl inner lagoon one composed 
of five species. 1Wiliammina fu sca, a 
marsh species is restricted to the western 
part of the lagoon where it apparently 
,vas ínt rod11ced from the l\lfayo Ri ver 
estuary. In the eastern half of the lagoon 
there are only ] or 2 species/ sample, 
whereas in the western half there a re 
2 to 5 species / sample. The number 
of living foraminifrra per sample is 
very much greater in the western hall: 
than in the eastern halL The number 
of empty tests in all samples is consider­
ably less than tbe number o( living 
specimens, indicating that they are 
derived from turnover of the pop11lation 
after fl ood ing of lhe lagoon. Most of 
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these empty tests were at stations G-K 
in the western half of the lagoon, a 
result of the relatively large standing 
stocks and presumably fast population 
turnover in that area. A small miliolid 
occurred at the hypersaline stations, D-1, 
ancl was very abundant at station G, 
where there was a salinity of 54%0 at the 
time of collection. This miliolicl is 
similar to the one reportecl from the 
hypersaline marsh in the brine pans 
at Ojo de Liebre Lagoon in Baja Cali­
fornia (Phleger, 1967). 

The clistribution of living foramini­
Iera clearly inclicates migration from the 
Mayo estuary after flooding ancl di­
spersa! throughout the lagoon within 3 
months. The colonization by large po­
pulations, however, has occurred about 
halfway in the lagoon. 

During the seven months of observed 
f!oocling (April-November, 1970) there 
was no provision for exchange of water 
out of the lagoon. If the flooding with 
sea water, and fresh water is continued 
at the original rate with no provision 
for outflow, it is probable that the 
lagoon will eventually become strongly 
hypersaline. This may result in a com­
plete llora! and faunal change due to 
"brine pan" conditions such as those 
at Ojo ele Liebre, Baja California 
(Phleger ancl Ewing, 1962). 

HISTORY OF DEVELOP~'fFNT 

It is suggestecl that the sa ncl barrier 
forming the present lagoon system began 
at sorne lower stand of sea level. This 
may have been during a slowclown in 
the post-glacial rise of sea leve! at about 
10 m approximately 6,000 to 7,000 years 
B.P. (Curray, 1961; Phleger, 1967). As 
sea level rose the barrier probably built 
upwards reaching approximately its 
present level about 2,500 years B.P. 
Abunclant sancl in the nearshore zone 
to form the barrier was supplied by the 
secliments of the delta of the Mayo 
River. It appears that the present Ya­
varos Lagoon basin was macle by three 
stream channels on the delta which were 
incised at sorne time during lower than 
present sea leve!. The evidence for thi s 
is the shape of the lagoon ancl the escarp­
ment arouncl the inner borclers which 
has been cut 2-3 m into the old cleltaic 
deposits. 
The Etchoropo basin fillecl rapidly with 
sediment transported into it by the 
Mayo River which is nearby ancl consi­
derable progradation of the shoreline 
has occurred seaward from the Etcho­
ropo basin. Sorne of the inner reaches 
of Yavaros Lagoon and Moroncarit 
Lagoon are at present being rapidly 
fillecl with sediment transportecl into 
them from the canals which dra in the 
irriga tion are a. 

HUIZACHE-CAIMANERO LAGOON 

DESCRlPT!ON OF THE AREA 

Huizache-Caimanero Lagoon is in 
coastal southern Sinaloa, extending ap­
proximately from 22º40'N Lát to 
23º07'N Lat and 106º00'W Long 
to 106º16'W Long (Figs. 1,4). The 
climate of the area is tropical with sum­
mer rain. The average rainfall is about 
800 mm with 80% of the rain cluring 

J uly-September and 12% cluring the 
months of June ancl October. Mean 
monthly temperatures range from a low 
of 19ºC in January to 28° during .July­
September. The vegetation has been 
described as a semi-cleciduous trop ical 
forest. 

The lagoon is bounded on the north­
west by the Presidio River and on the 
'south by the Baluarte River, ancl is as-
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ECOLOGY AND DE VE LOM ENT OF T\VO COi\STAL LAGOONS 13 

sociated with th e della complcxes oí the 
two rivers. T hese rivers have relatively 
small drainage basins which extend. part 
way up the western flank ol:" the Sierra 
Madre Occidental. Severa1 small streams 
flow into th e lagoon which are active 
onl y during th e rainy season. The coastal 
plain is n arrow (1 0-25 Km) and 1ow 
hill s are adjacent to the Jagoon area. 

T he Jagoon consi sts of two basins. 
T he northwestern basin , call ed Huiza­
che, is about 12 x 5 Km; the souLheas­
lern basin, ca lled Ca ima nero Lagoon , is 
JO x 20 Km, and they are connectecl 
by an opening about 250 m wide. The 
Jagoon basins are flat ami very shallow 
and there is no natural cl1annel system. 
Most of the lagon is fi llied wi th water 
only cluring the rai ny season whe n the 
maximum depth in the Huizacbe ba sin 
is 60-80 cm, and in the Ca im anero 
basin is about 120 cm. The Ca ima ne­
ro basi 11 a 11(! one smaJl basi n in the 
Huizache arca are partly fillecl with 
water cluring the dry season. There are 
two inlets, one at each ene\ o[ the lagoon 
whi ch conncct with the estuar ies of 
the Presid io ancl Baluarte Rivers. Both 
of these inlets are narrow, mea ndering, 
8-10 Km in length and are borclerecl 
by ma ngroves. 

T he lagoon barrier is 1.5-3.5 Km wide 
and ex temls about 35 Km between the 
two river mouths. There are three dis­
t inctive morphologies which occur in 
different par;_s of th e barrier. An inner 
section bounding most o[ the Huizache 
bas in and a part of the Caimanero basin 
has obscure beach ridges and an irre­
gul ar sh apc on its inner edge. T here 
are severa! indentati ons extencling from 
the lagoon side which appear to ha ve 
been overflow cha nnels at a n early stage 
of c\evelopment of the barrier. An onter 
section consists of severa l clearl y devel­
o ped parall el beacl1. ridges o[ sand . ln 
the southeastern 8 Km, near the Ba­
l uarte River, this section is narrow a nd 
conta ins only 2 or 3 riclges. The third 

Lype of barrier morphology occurs near 
the rivers and appears to be r iver delta 
deposits. 

Most of the sediments in the lagoon 
basins are sil ty clay with some 1arge 
patches o[ clayey sancl in the Caimanero 
basin. The secliments of the barrier are 
primarily sand, with some sil t ancl clay 
especially in the clepressions between 
the sancl riclges. 

The water temperatures in the shallow 
lagoon basins closely follow air temper­
atures. T he maxirnum temperature of 
about 36ºC occurs from June to ·Sep­
tember, ancl a minimum temperature 
of 15ºC was observecl in Febr uary. Sal­
i ni ti es vary, depending upon amou n t o[ 
runol'f, suppl y o( sea water and evapora­
tion. Val ues range from l %o to a bo ut 
60%0 in the constr icti on between the 
two basins. In the southeastern part 
o[ Ca imanero basin observecl sal initi es 
range from 7%o to '10%o· It appears that 
a significant amount of salt in the water 
is derived from residual sa lt left in the 
sediment when the lagoon is mostly 
empty of water during the dry season. 
In Septem ber 1969 when thc lagoon was 
floocled, salinities rangecl from less tba n 
l %o to 14%0, with the lower salini t ies 
of 0.3-2.6%0 in Hui zache basin and the 
higher sa linities in Caimanero basin . 
The low salinities in the Hui zach e 
basin clearl y indi cate that most of the 
run off fl ows in to th a t basin cluring 
tl1e ra iny season. 

1-:CO LOGY OF FORAMlNI FERA 

The assemb lage o[ lor:1mi ni íera with in 
the lagoon consists primaril y of A in­
motiurn salsum, A mmonia beccarii .an d 
Palmerinella sp. This fa una is cha rac­
teristic of inner lagoons wh ich may 
ha ve bra cki sh wa ter ;i t certain tim es, 
and often a marked scasonal range in 
salinity (Parker et al, 1953; Bermudez, 
1934), In aclclit ion, Elpiiidi11m incertu.m 
is abundant at 2 stat ions in the south-
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eastern end of thc Caimanero basin near 
the effluent of the inlet. 

There were no foraminifera in most 
of the samples collected from the Hui­
zache basin. An exception is at station 
7 where four very fragile living Arnrno­
tium sal.mm were found. These Eorami­
n ifera are interpreted as specimens 
which survived the dry season in a 
remnant pool of water. Also, the three 
stations near the narrows between the 
basins contain foraminifera in an area 
where sorne water is present during· th e 
dry season. The pepulation at these 
station s ancl at one 5tation 011 the Cai­
manero side of the narrows is clominatecl 
by Palrnerilla sp. The absence of fora­
mi ni fcra in most of the Hui zache basin 
appears to reflect the very low sal in ities 
d uri ng the rain y season and suggests that 
roramini[era do not tolerate the condi­
tions which obtain there. The domi­
nance of Palmerinella near thc narrows 
may be an inclication of the limit of 
tolerance of salinity or other conditions 
of the lagoon fauna. 

The presence of moclerate numbers 
of living [oramini fera at all stations in 
the Caimanero basin probably results 
in Jarge pan from their survival in the 
water which persists in this basin cluring 
the clry season. vVhen the ex tent of the 
water in the basin increasecl cluring 
the rainy season, they dispersecl through­
Ollt the area because the salinities ancl 
other factors wcre within their range 
of reproduction and survival. The pre­
sence o[ Iarge numbers of Elphidium 
incerturn, a nearshore form (Phleger, 
1964·), at stations in Caimanero basin 
11ear tbc inlet suggests that an apprecia­
ble amou nt of sea wa ter has been in­
trod uced from the estuary of the Ba­
luarte Ri ver. 

A few samples were collected in April 
1969 near tbe ene! of the dry scason 
from very shallow pools in the lagoon 
ancl from the inlets. The living fauna 
in samples from pool in the lagoon 

contained Aminotiwn salsum ancl Am­
monia beccarii. T he fauna in sarnples 
from the inlets was a typical marsh 
assemblagc, containing Ammolium sal­
sum, A renoparrella mexicana, Haploph­
ragmoides sp., Miliammina fusca, ancl 
Arnmoastuta inepta. 

T he eviclence from the clistributions 
of foraminifera and salini ties suggests: 
(1) most of the sea water enters this 

lagoon through the inlet from the es­
tuary of the Baluarte River and inlo 
the Caimanero basin; (2) most of the 
fresh runoff water enters the Iagoon 
cluring the rainy season into the Huiza­
che basin; (3) most of the mixing of 
sea water and fresh water occurs in the 
area of the narrows between th e two 
basins; (4,) the stocks of most foramini­
fera in the lagoon survive in pools 
which exist cluring the clry season ; (5) 
the assemblage of foramin ifera is a11 
i11ncr lagoon one clue to the long narrow 
inlets having the ecology of a marsh 
which serve as barriers to invasion of 
nearshore open-ocean species into most 
of the lagoon. 

HISTORY O F DEVELOPMENT 

The oldest part of the lagoon barr ier 
is the inner section which has moclifi ed 
beach ridges and an inner edge indented 
with what appear to be old overflow 
channel. The sediment source for this 
part of the barrier was from the Presid io 
River ancl the net Iongshore drift was 
to the south. The Presidio River mouth 
ancl inlet to the lagoon was approxim­
ately 8 Km to the southea st of its present 
position (Fig. 5). There is no indica­
tion of the location o[ th e southeastern 
inlet, but it was probably severa! ki lo­
meters to the northwest of the present 
mouth of the Baluarte River. This part 
of the present barrier is probabl y the 
same age as stage DI of the barri er 
south of the Baluarte R iver dcscribcd 
by Curray et al (1969). 
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The next stage in clevelopment of 
the barrier was the deposition of the 
seaward parallel beach riclges which 
a ppear to be the same as stage IV of 
Curray et al (1969) ancl are presumed 
to date frorn about 1500 B.P. The source 
of this secliment was the Baluarte River 
ancl there was thus a net longshore 
sediment transpon to th e north. At 
the beginning of stage lV, the mouth 
of the Baluarte River was abo11t 8-9 
Km northwest of its present position 
and the mouth fo tbe Presidio River 
appears to have sh ifted about 5 Km to 

the northwest from its forrner position. 
The shift in clirection of net sedirnent 

transport inclicates a marked climatic 
change, as suggested by Curray et al 
(1969). There is evidencc of at Jeast 

one intense floocl after tbe deposition 
o[ the stage Ill secliments. This is seen 
in the old. overflow cha nnels which 
trend at angles to tbc long axis of the 
barrier a ne! a ppear to extencl a cross 
the sediments depositecl at this stage. A 
floocl m.iy h.ive c.iusecl the sbif:t in 
position of the rivers, ancl tbe lagoon 
basin may have been esse nti all y [illed 
with secl iment .it th is time. 

Anoth er apparcntly abrupt shi[t o f 
both rivers to their present posit ions 
occurrecl later. This is shown by the 
pattern of tbe barrier beach ridges for 
about 8 Km northwest of the Baluarte 
River, and also by the pattern of d eltaic 
cleposits ancl acljacent beach ridges on 
the southeast siclc of the Presidio River. 
T he rnost likely cause for an abrupt 
shift o[ the positions or the river mou ths 
is an un usual llood . It is possi ble that 
this last stage in clevelopment is to be 
correl.ited with stage V of Curray et al 
(i!:169). At the beginning o[ their stage 
V the Rio Grande ele Santiago also 
changecl position and they estímate th is 
date .it about 500 years H.P. 

Tit e Iagon is now essentially filled 
witlt secliment, and it is possible th.it 
most o[ the (illing occurred early in 
its development. Deposition o( ]arge 
amo unts of sediment in the basins is 
expecte<l to occur during times or very 
high runoff such as unusual storms whe11 
very large volumes o[ soil are eroded 
from the river drainage basins and tran­
sponed by the st rea ms and deposited 
in thc lagoon basi ns. 

DISCUSSlON 

DI STI NCTIVE LAGOON FI::ATURES 

Each Jagoonal basin appears to h .i ve a 
combination of physi cal , ccological ami 
se<limentary features which distinguish 
it from m ost or all other lagoons. A 
summary of th e clistinctive combinations 
of features of the lagoons studiecl in 
northwest l\iiexico is given below. 

Yavaros Lagoon contains an inner 
lagoon assemblage of foraminifera even 
though· it is relatively sma ll (8 x 12 Km) 
and has a wicle, short inlet. This results 
from the clrainage of fresh irrigation 
water into the lagoon ancl the forma­
tion of Jow salinity in the inner lagoon. 

In contra st, part o[ the lower lag·oon is 
slightly hypersaline ancl supports a very 
large standing stock of foraminifera, 
at least sorne o( the time. The Jower 
Jagoon has a well-cleveloped channel 
system but the inner lagon i's filling 
rapidly with secliment tran sported b y 
agricultura! clrainage. 

Moroncarit Lagoon is very small and 
sha llow, and has low salinities clue to 
irriga tion drainage. Jt is connectecl with 
Yavaros by a long· channel. The ecology 
is that of a marsh ancl inner lagoon 
basecl on the forarninifera. The b.i sin is 
a lmost completely fil!ed with sediment. 

Etchoropo Lagoon is a very shallow 
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basin connected with the est uary of the 
Mayo Rivcr. In the past it was filled 
with water only during floods of the 
river. Almost no foramini fera inhabited 
the lagoon when it was full, suggesting 
tbat the water d uri ng river fl oods was 
essen tiall y fresh. T he ri ver is now dam­
med ancl there is alrnost no natural llow 
int:o the basin. Artificial flood ing has 
introduced almost und ilutecl sea water 
from the Mayo estuary on the west and 
fresh irrigation water on the eastern 
encl. There is no outflow. T he wa ter 
was h ypersaline except near the fresh 
water inflow. Standing stocks of shrimp, 
mullet and foram ini fera were large three 
months after flooding. The ecology is 
that of a marsh. 

The H uizache-Ca i manero Lagoons 
consists of two shallow b asins which 
dirfer ecologica ll y and clynamical.ly, and 
are conn~cted by a narrow opening. 
Each basin has a very long ancl narrow 
inlet-cha nnel to the estuary o[ a river. 
T he Caim anero basin contains sorne 
hypersaline water during the clry season 
a nd a ppa ren tly m uch or ~11 of the s~a 
water reaching both bas111s flows m 
throug·h the Caimanero inlet-channel 
from the open-ocean. During the rainy 
season the water is brackish (about 10-
15%0 in September 1969). T h e stand ing 
stock of fora mini fera is an inner lagcon 
assemblage, ami is sim ilar in size to 
that in many other lagoons. 

T he Huizache basin co nta ins water 
only in a few small areas cluring the 
clry season, ancl at that time th ere does 
not appear to be a ny significant inflow 
of water into the basin from the open­
ocean through the inlet-cha nnel. During 
the rainy season the basin is fun of 
water h aving salinities genera lly less 
than 2"%0 ; there appea rs to be mixing 
with the Caimanero water but no sign i­
ficant inflow of sea water through the 
Huizache inlet-channel. T h ere are es­
sentially no living (oramini fera cl uring 
the rainy season. During the clry season 

,t sparse marsh assemblage o( living 
foraminifera was found in resid ua l 
pool s. 

EC:01.0CI C:A I . (;EN ERAI .I ZATIONS 

Certain aspects of the ecology, sed i­
ment deposition and clevelopment o( 
water characteristics in tbese coas tal 
lagoons are important beca use of proba­
ble general a pplications. T hese may be 
u seful as guides in investigat ing other 
coas ta 1 1 agoons. 

The size o[ the standing stock o( 
organisms is an inclication of the amount 
o( organic procluction, with a re latively 
large sta nding stock inclicating relativ­
ely high organic procluction. Foramini­
fera are abunclant and ubiquitous in 
marine environments, ancl th e relative 
sizes of their standing stocks are consider­
ecl to be a reliable indi cat ion o[ rel a ti ve 
arnounts of total orga nic production. 
T his has provee! to be true where in­
clepenclent rneasurements have been 
made of standing stocks of foramin ifera 
a nd rates of organic carbon fixat ion in 
the same a rea (Lankford, J 959; Thomas 
and Simmons, 1960) . 

Large stand ing stocks o[ foram inifera 
were found at the stations in Etchoropo 
Lagoon where the water was hypersaline 
when th e samples were collectecl. Large 
living populations a lso were present in 
the southeastern pan o[ Yavaros L agoon 
where somewhat hypersaline conditions 
are reponed sorne of the t ime. Large 
living populat ions in hypersa line lago­
onal areas are reported from Laguna 
Madre, Texas (Phleger, 1960), Lagu­
na Madre, Tamauli pas, (Ayala-Castafia­
res ancl Segura, I 968) and Ojo ele Liebre 
Lagoon, Baja Cali forn ia (Phleger ancl 
Ewing, 1962; Phleger, 1967). Our pres­
ent samples are aclcl itional conGrmation 
that hypersaline lagoonal areas are char­
acterized by hig·h organ ic proclu ction 
rates. T his is a result of frequ ent or 
consta nt resupply of sea water contain-
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ing nutrients to replace that lost by 
evaporation. 

The samples for foraminifera from 
Etchoropo Lagoon were collected ap­
proxirnatel y three mon tbs after the 
experimental flooding of that area. The 
basin contained no water before flood­
i ng, and a total of only two tests of 
foraminifera were discovered in numer­
ous samples collected bef ore water was 
introducecl. There were abunclant livi ng 
foraminifera from the western ene! where 
sea water was introduced to about half­
way within the basi n, and living· speci­
mens were prescnt in srnaller numbers 
at tbe other stations as well. T his is 
evidence that the d ispersa! and occup­
ation by bentb ic forarn inifera was very 
rapid. The presence of ernpty tests in 
the sediment where almost non e were 
previously present indicates that repro­
duction had occured at most stations. 

An " inner lagoon" assemblage of fo­
ra m i ni fer a is characterizecl by species 
wh ich appear to be incligenous to lago­
ons. The "outer lagon" fau na, on the 
other hand, conta ins nearhsore open­
ocean species in addition to lagoon 
forrns. The inner lagoon fauna occurs 
where open-ocean water is modifiecl , 
usua lly in the inn er reaches of a lagoon 
where exchange rates with the open­
ocean are slow el uc to distan ce frorn 
the inlet. Living cond itions are rnodifiecl 
by the inner water becoming hyposaline 
where there is runo[[ into the lagoon 
and becoming hypersaline where no 
rnnoff occurs. T he development of 
a d istinctive inner lagoon water mass 
and fauna also appears to be a function 
of size of the lagoons, being best devel­
oped in large lagons ancl not being 
present in sorne small ones. 

Moroncarit and Huizache-Caimanero 
Lagoons contain only an inner lagoon 
(ancl marsh) assemblage of foraminifera 

and no outer lagoon fauna is present. 
This is due to the presence of very long 
(8-10 Km) and narrow (10-20 m) inlet-

channels which are the only access routes 
for nearshore marine water. These inlet­
channels have fringing rnarsh and the 
environment within the channels ap­
pea rs to be that of a marsh, based on 
the forami n ifera. This provides an ef­
fective barrier to invasion of most near­
shore ben thic foraminifera. 

An adclitional barrier in thesc areas 
is the abunclant runoff of fresh water 
into the basins. In the Huizach e basin 
the abundant runo[f into the basin dur­
ing the rainy season appears to form a 
hydraulic barrier which prevents sea 
water from entering the basin. Th is is 
based on thc very lo,v sal ini ties when 
the basi n is full of water and on the 
absence of benth ic foramin ifera at most 
stations. 

ORIG IN OF M!J I.TIP LE .I\EACH RLDGES 

There has been considerable recent 
cliscussion or the possib le mechanisms 
of origin of samly Jagoon barriers (i.e., 
Shepard, ] 960; Hoyt, 1967; Curra y, 
Emmel an,cl Crampton, 1969; Phleger, 
1969). An early h yphotesis was that thc 
lagoon barriers have form ed b y emerg­
ence of longshore submergecl bars (De 
Beaumont, 19115; J ohnso n, 1919), ancl 
this is sti ll considerecl by many to be the 
most probable explanation. Another 
explanation is that a lagoon barrier is 
built of sancl from the surf zone pilecl by 
waves on a beach and with relative rise 
of sea leve! the beach builcls u pwards b y 
the same process (Phleger ancl Ewing, 
1962; Hoyt, 1967), forming a lagoon on 
th e lanclwarcl side. If there is an abun­
dant supply of sancl the lagoon barrier 
will progracle seawarcl, ancl it may in­
crease in height clue to formation of 
clunes ancl / or formation of storm berms. 
T he irnportance of longshore clrift of 
sand is recognized by proponents of both 
hypotheses. 

Many barriers are characterizccl by 
having multiple beach riclges, such as 
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those at Huizache-Caimanero Lagoons 
in southern Sinaloa ancl fronting a pan 
of Etchoropo Lagoon in Sonora. The 
possib le significance of these multiple 
ri<lges has receivecl little attention. ln 
Nayarit, between the Baluarte ancl San­
tiago Rivers, Curray et al (1969) have 
suggested that the multiple r iclges were 
formed as submerged longshore bars. In 
Lhe Ojo de Liebre Lagoon area of Baja 
Californi a the four beach ridges on the 
lagoon barrier are interpretecl as berms 
forrnect cluring unusual storms (Phleger, 
J 965). 

Many lagoon barriers do not have 
clc;11'1 y clefin ecl mu) ti ple beach r idges, 
although such features are very com­
mon in other a rcas. They are always 
present, in our experience, where the 
barriers have prograded seawarcl for an 
appreciable distance and generally are 
not present where the barrier is narrow. 
It appears that multi ple beach ridges 
occur only where there is an abunclan t 
supply of sand on a relatively stable 
coast. The source of secliment is both 
the relict secl iment of the nearshore 
turbulen t zone and also the sancls being 
su ppliecl to the nearshore zone by rivers. 
Mu ltiple r idge barriers are very often 
associated with cleluiic coasts, such as 
in hoth the present a reas. 

The association of multiple beach 
ridges and an abunclant source of sup­
ply of sa nd is clearly shown in the Ya­
varos Lagoon area. They occur only in 
1.he western part of the barrier closely 
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