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ABSTRACT

Aquatic primary productivity was measured in the Barra de Navidad Lagoon, Jalisco, Mexico from Ociober 1983
fo Seplember 1984. The nel daylime productivily was 772 g O, m™%r™1 and a gross productivity of 1034 g O,
m™ %yr~ 1. Temporal helerogeneity in the rate of production was high, influenced by well defined seasonal changes in
water ransparency, lemperature, salinity and riverflow. Temporally, higher productivily values occurred during the
rainy season (from June lo Oclober). Spatially, the highest values occurred in the ceniral lagoon and decreased
towards the ocean and the river inlel. In general, the highest productivily values were a consequence of higher nuirient
concenlrations and betler light conditions in the mid part of the lagoon. During the dry season productivily levels
decreased as river flow diminished. Productivily decreased, however, during the time of highest river flow because of
exireme turbidily.

Key worbps : Coastal lagoons — Tropical environment — Primary production — Phytoplankton — Seasonal
variations — River discharge.

RisuME

PRODUCTIVITE DU PHYTOPLANCTON DANS BARRA DE NAVIDAD,
LAGUNE COTIERE DE LA COTE PAcIFIQUE pDu MEXIQUE

La production du phytoplancion a été mesurée dans la lagune Barra de Navidad, Jalisco, Mexique d’ ociobre 1983
a seplembre 1984. La production nelte au cours de la journée était de 772 g O, m™ %an™ et la produclion bruile 1036 g
0, m™%n™ % Dans le lemps, la produclivité a varié en fonction de varialions saisonniéres bien marquées de la
transparence, de la température, de la salinité et des apports par les riviéres. Les plus fortes productivilés ont été
observées en saison des pluies (juin & octobre). Dans Uespace, les plus forles valeurs ont eu lieu dans la zone centrale,
avec une diminution vers Pembouchure de la riviére et la communication avec Pocéan. D’une facon générale, les
productiviiés élevées résulient de concentrations en nutrimenis et de fransparence plus favorables dans la zone centrale.
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La productivité diminue avec la diminution des apports continentaux durant la saison séche, mais également avec la
forte turbidilé liée a la crue de la riviére.

MoTts-cLEs : Lagunes cétiéres — Environnement tropical — Production primaire — Phytoplancton —
Variations saisonniéres — Crues fluviales.

REsSUMEN

PRODUCTIVIDAD DEL FITOPLANCTON EN LA LAGUNA COSTERA DE BARrRA DE NavIDAD
EN LA COSTA DEL Pacirico MExIcaNo

Se estimd la productividad primaria acudtica de la laguna costera de Barra de Navidad, Jalisco, México; a
partir de octubre de 1983 a sepliembre de 1984. La productividad bruta fué de 1034 g 0 m 2ano 1y una
productividad neta de 772 g O, m™ %afio. Las tasas de produccion preseniaron una alla heierogenezdad temporal,
debido a cambios estacionales bzen definidos en la transparencta, iemperatura salinidad y flujo del rio. Los valores
mads altos de productividad se presentaron durante la época de lluvias (de junio a octubre). Los valores lambién
fueron mds elevados cerca de la desembocadura del rio disminuyendo hacia la boca de la laguna. En general, los
valores mds allos de productividad fueron consecuencia de la alta concentracion de los nulrienies del agua proveniente
del rio. Duranie la época de sequia la productividad disminuyd asi como el flujo del rio. Sin embargo,
ocasionalmente, la productividad llega a disminuir durante la afluencia del rio como consecuencia de un aumento en

la turbidez.

ParaBras craves : Lagunas costeras — Ambiente tropical — Productividad primaria — Fitoplancton —

Variaciones estacionarias — Crecidas fluviales.

INTRODUCTION

Coastal lagoons and estuaries are important natu-
ral and economic resources. A high proportion of
coastal fisheries are dependent on organisms which
spend at least part of their life cycle in these
ecosystems (McHueH, 1976) and this is especially
true for Mexico (YAREZ-ARANCiBIA, 1978). An im-
portant reason for the high fisheries productivity in
coastal lagoons is high primary productivity which
has been documented by a number of authors
(Suesa Rao 1978, MEe 1977, Barnes 1979, Day
and YANEzZ-AranciBia 1981). WHIiTTAKER and Li-
KENS (1975) identified coastal lagoons and estuaries
as among the most productive of the world’s aquatic
ecosystems and production by phytoplankon is a
very important component of this production. Es-
tuarine and coastal lagoon phytoplankton produc-
tion has been related to such factors as the shallow
depth of these areas, inputs of nutrient from
terrestrial and riverine runoff, and rapid internal
recycling (Nixon 1981, 1982, BoyNTon ef al. 1983).

Coastal lagoons are a common feature of the
Mexican coast: Lankrorp (1977) identified
125 coastal lagoons in Mexico which occupy approxi-
mately one third of the coastline. These lagoons are
important in the life cycles of many commercially
important fishery species. For this reason, a large
amount of work has been carried out in order to
understand and manage these areas. Aquatic prima-
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ry productivity has been measured in a number of
coastal lagoons on the Pacific and Gulf coasts of
Mexico (MEe 1978, Epwakrps 1978, GILMARTIN and
REVELANTE 1978, DAY ef al. 1982, 1987, and Fro-
RES-VERDUGO 1985).

The objectives of this study were to measure
aquatic primary productivity in the Barra de
Navidad Lagoon in relation to physical and chemical
factors, and attempt to draw some generalizations
about the factors controlling phytoplankton produc-
tivity in tropical coastal lagoons.

AREA DESCRIPTION

Barra de Navidad is a small coastal lagoon located
on the Pacific coast of Mexico (fig. 1). The area of the
lagoon is about 5.0 km? and depth averages 1.5 m.
The lagoon is connected to the ocean by a single
permanent inlet 80-90 m wide. The climate corres-
ponds to the driest of the warm subhumids (Garcia
1981) Water temperature ranges from 24 °C to
32 °C. Annual rainfall ranges from 500 to 1000 mm
and is strongly seasonal with a pronounced dry
season from November through May (fig. 2). The
shores of the lagoon are bordered almost completely
by four species of mangrove : Rhizophora mangle L.,
Laguncularia racemosa Gaertn., Avicennia germznans
(I.) L. and Conocarpus ereclus L. The system is
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F16. 1. — Map of Laguna de Barra de Navidad showing locations of the three sampling stations.
Situation et carte de la lagune Barra de Navidad. Position des 3 slations de mesure

influenced by semidiurnal tides with a maximum
range of 1.3 m. The Marabasco river discharges into
the southeastern part of the lagoon (fig. 1), but there
is river flow only during the wet season. The average
salinity in the lagoon ranges from 35 %o during the
dry season to less than 5%o during the wet season.
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Fig. 2. — Seasonal rainfall in mm per mouth (bars) and air

temperature (solid line) during 1983-1884. Source : Labora-

torio de Ciencias Marinas, Universidad Nacional Autonoma
de Guadalajara, Barra de Navidad, Jalisco, Mexico)

Evolution des précipilations el de la iempérature de Iair
en 1983-84 (d’aprés : Laboralorio de Ciencias Marinas)
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Methods

Plankton productivity was measured monthly
from October 1983 to September 1984 using the
light/dark bottle oxygen method described by
StrickLanD and Parsowns (1972). Three hour dupli-
cate incubations of light and dark bottles were
carried out around local noon at half Secchi depth
which corresponds to 0.5 incident radiation (I,).
Oxygen concentrations were determined using
Winkler titrations (StrickLanD and Parsons 1972).
During each productivity measurement Secchi
depth, water temperature and salinity were measu-
red. Hourly net production was multiplied by a 8.6
to estimate daily net production. This factor, which
corrects for lower light during early morning and
late afternoon, was calculated by FrLoreEs-VERDUGO
(1986) with an irradiometer in a nearby coastal
lagoon. It is very similar to the value used by
Ranparr and Day (1987) to make similar correc-
tions for a coastal bay in Louisiana, USA. Hourly
respiration rates were converted to daytime respira-
tion and total respiration by multiplying by the
hours of daylight and 24, respectively. The daily rate
of gross production per m? equalled the daily rate of
net daytime production plus the daily rate of
daytime respiration (Ranparre and Day 1987).
Productivity values for the whole water column were
calculated on a m? basis by integrating the producti-
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vities calculated at several depths according to the
equation :

=[2(1 (L Tyma) [ [+ (L[ Ty ) %]] P,... MEE (1977)
Where : P, = the productwﬁ;y at depth Z
I, = the hght intensity at depth Z
P... = the productivity at the depth of maximum
productivity
This equation is derived from the VOLLENWEIDER
equation (1974), and is used when the water depth is
lower than the depth of the euphotic zone. The
extinction coefficient (K) was related to the Secchi
depth (3) by the equation K = 1.42/8, based on
results from several coastal lagoons along the Pacific
coast of Mexico (Frores-VErDUGO 1985, FLOREs-
VERDUGO el al. 1986). The P/R ratio was calculated
by dividing daily gross oxygen production per m? by
total oxygen respiration per m? O_ metabolism
values were converted to carbon values using factors
of 0313 g Clg O for production and 0.375 g C/g O,
for respiration (bTRICKLAND and Parsons 1972).

RESULTS AND DISCUSSION

The results show that Barra de Navidad Lagoon is
a productive aquatic system and that there is a
temporal and spatial variability in aquatic primary
productivity. These patterns reflect changes in the
main parameters which affect aquatic metabolism of
this lagoon including riverflow, turbidity, salinity,
organic matter input, and nufrient levels.

Riverflow strongly influenced seasonal patterns of
both respiration and net production at the station
nearest the river mouth, but the effect was progressi-
vely less at the mid-lagoon and inlet stations (fig. 3,
table I). Peak values for net production occurred in
June, during the rainy season, at the mid-lagoon
(3.74 g O, m2d?) and riverine (2.84 g O, m™2d?) sites.
The lowest values generally occurred during the dry
season. Mininum values for net production occurred
in April in the mid-lagoon (0.66 g 0, m™d?) as in the
riverine site (0.34 g 0, m*d?). A number of authors
have reported a strong correlation of aquatic produc-
tion with nutrient input from rivers in tropical
coastal systems such as Cananeia Lagoon in Brazil
(Tunpist 1969) and El Verde Lagoon on the Pacific
coast of Mexico near Mazatlan (Frores-VERDUGO
1985). In Terminos Lagoon on the Gulf coast of
Mexico, Day ef al. (1982, 1987) reported strong
relationships between river flow and net production
and chlorophyll a concentrations. They concluded
that these patterns were a result of nutrient
enrichment by the river input.

In July, there was a pronounced minimum in net
production and respiration at the riverine site and a
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Fi1Gc. 3. — Seasonal patterns in Barra de Navidad Lagoon of :

A. net daytime production, B. Total respiration, C. salinity,
and D. Secchi depth. When the transparency was greater than
the depth, the Secchi depth is shown as the total depth (1.5 m)
FEvolution saisonniére dans la lagune Barra de Navidad.
A. production neile diurne; B. respiration lotale (24 h),
C. salinité; D. visibilité du disque de Secchi, quand la
transparence élait plus grande que la profondeur, la profondeur
du Secchi est montée comme la profondeur lolale (1,5 m)
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slight decrease at the mid-lagoon site. This was
probably due to two factors. During this time the
lowest Secchi depth measurement encountered du-
ring the study (0.24 m) was observed at the riverine
site (fig. 3). Thus light limitation undoubtedly limi-
ted phytoplankton photosynthesis as a result of the
extreme turbidity caused by the river flow. It is also
possible that strong river flow washed out much of
the normal plankton standing stock leading to a low
respiration rate. July had the highest rainfall (fig. 2)
and salinity decreased to about 4% at both the
riverine and mid-lagoon sites during this period
(fig. 3). The same phenomenon was observed in
Cananeia lagoon, Brazil, where changes in salinity
were correlated with production, being low when
salinity decreased to 3.5 %0 (Tunpist 1969). Flushing
of plankton due to high river discharge has been
reported for Agua Brava lagoon to the north of
Barra de Navidad (FLorEs-VErbpuGo 1986) and for
the Potomac River (BENNETT 1986). Light limitation
has commonly been reported to limit phytoplankton
production (BoynTton et al. 1983) and turbidity due
to river inflow has been reported to limit production
in San Francisco Bay, California (CoLE and CLOREN
1984) and Fourleague Bay, Louisiana (RaNpALL and
Day 1987).

There were spatial differences in both the patterns
and levels of production in the lagoon (fig. 3). As
indicated earlier, there was a distinct seasonality at
the riverine station which was probably related to
river flow affecting nutrient levels and turbidity.
The pattern was also evident at the mid-lagoon
station. The station near the inlet evidenced little
clear seasonal changes. There was also a gradient in
total productivity per m3 across the lagoon. The
riverine station had the highest production (mean
annual rate = 1.88 g O, m3d?), the rate at the mid-
lagoon site was somewhat lower (1.66 g O, m3d?),
and the inlet had the lowest productivity (1.18 g O,
m3d1). When production is considered on a m? basis,
however, the mid-lagoon had the higest net produc-
tion (2.65 g O, m3d?) with the riverine and inlet
stations similar and somewhat lower. This spatial
result was almost certainly related to the fertilizing
effect of the river combined with clearer water. The
lower values near the river and ocean were probably
because of low tranparency and lower nutrient
levels, respectively. Secchi depth was generally less
than 0.5 m at the river station, averaged about
1.0 m at the mid-lagoon, and was higher than 1.5 m
at the inlet station (fig. 3), indicating that the depth
of the euphotic zone markedly decreased toward the
river. We conclude that an optimum mixes of light
and nutrients led to higher productivity per m? at
the mid-lagoon station.

A number of authors have reported similar spatial
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patterns with the highest productivities at interme-
diate salinities. These include Biscayne Bay, Florida
(Roman et al. 1983), Fourleague Bay, Louisiana
(RanpaLr and Day 1987), San Francisco Bay,
California (CoLe and CrLoren 1984), and Terminos
Lagoon, Mexico (DAY ef al. 1987). It is also possible
that humic substances washed from surrounding
wetlands stimulated productivity. Several studies
have shown that humic substances stimulate phyto-
plankton production (PraxasH and Rasuip 1968,
PraxkasH ef al. 1972, Cooxsey and Cooksey 1978,
Day el al. 1987). Day el al. (1987) added filtered
water collected from the surface of a mangrove
swamp to samples of Terminos Lagoon water and
found stimulation of both production and respiration
during four hour incubations.

There appeared to be a seasonality in respiration
rates, especially at the mid-lagoon and riverine
stations. Respiration was generally lower than gross
production during the rainy season indicating that
the lagoon water was autotrophic during this season,
a result of the high phyplankton production at that
time. Respiration was generally higher than produc-
tion early in the dry season, but the difference
diminished as the dry season progressed. There was
an especially high peak of respiration in October
throughout the lagoon. This heterotrophy early in
the dry season is likely the result of organic material
accumulated in the lagoon during the wet season,
both from in situ phytoplankton production and
benthic algae as well as input from the river and
surrounding mangroves. The higher rates in the
central lagoon indicate that organic material may
accumulate there. A number of studies have shown
that organic input from rivers or surrounding
wetlands can be important sources of organic matter
for tropical lagoon systems on the Pacific (Mg 1977,
GONzALEZ-FARIAS el al. 1986, FLORES-VERDUGO
1985) and Gulf of Mexico (LEY-Lou 1985, Day ef al.
1982) coasts.

The P/R ratios reflect the seasonal shift in trophic
status from autotrophic in the rainy season to
heterotrophic during the dry season. Over the whole
year, the P/R ratio for the water column was 1.03
indicating that the system is slightly autrophic.
Heterotrophic conditions following the rainy season
have been reported for several lagoon systems on the
Pacific coast of Mexico including El Verde Lagoon
(FLorEs-VERDUGO 1985), Estero de Urias (RoBLES-
JAareRro 1985), and Agua Brava (FLores-VERDUGO
1986). The P/R ratio changed spatially with the
riverine station being slightly heterotrophic and the
ratio being autotrophic for the mid-lagoon and inlet
station. This probably reflects higher levels of
organic matter and less water column net production
near the river mouth.
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TaBLE 1

Average phytoplankton net primary productivity in several
tropical coastal lagoons. All values derived from measure-
ments over an annual cycle except for Concepcion Bay, which
iz for July and August. All systems have a permanently open
inlet except for Chautengo, which has a seasonal inlet
Production netie diurne moyenne dans plusieurs lagunes tropica-
les. Toutes les valeurs sont calculées & partie de mesures couvrant
un cycle annuel, sauf pour Conception Bay qui porte sur juillet
el aoiit. Les plans d’eau sont reliés de fagon permanente & la mer
sauf Chautengo et EI Verde, qui onl des bras de mer saisonniers.
Urias regoit des effluents domestiques

Area Mean Annual Net Source
Production gCm-3day-1

Barra de Navidad, Mexico (*)

Riverine Station 0.59 This Study

Mid Lagoon Station 0.51

High Salinity Station 0.37
Chautengo Lagoon, 1.40 Mee 1977
Pacitic Coast, Mexico
El Verde Lagoon, (*) 1.29 Flores-Verdugo
Pacific Coast, Mexico 1985
Estero de Urias, (7) 1.70 Robles-Jarero
Pacific Coast, Mexico 1985

Terminos Lagoon, 0.82 Day et al. 1983
Gulf Coast, Mexico

Rookery Bay, 0.37 Twilley 1982
Florida, U.S.

Cananeia, Brasil 0.1-08 Tundisi 1960
Concenpcion Bay, Gulf of 0.22 Gilmartin and

Callifornia, Mexico (*) Revelante 1978

* Using a factor of 8.6 to convert from hourly to daily measurements.

See text for discussion.

The net daytime production rates measured for
Barra de Navidad Lagoon are in the range of other
similar systems (table I). A comparison with produc-
tion values from several other systems suggests some
generalizations about aquatic primary production in
these coastal lagoons. The rates for Barra de
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Navidad are similar to two other lagoons with
permanently open inlets : Terminos Lagoon and
Rookery Bay (table I). Higher values were reported
for lagoons with seasonal inlets (Chautengo and El
Verde) and for Estero de Urias which is eutrophic
due to high nutrient loading of domestic wastes from
the City of Mazatlan. This suggests that in lagoons
with permanently open inlets, continual dilution by
the ocean, especially during the dry season, results in
a significant loss of nutrients. In systems with
seasonal inlets, this dilution does not occur during
the dry season and nutrients are retained in the
system. For example, FLorREs-VERDUGO (1985) re-
ported significant production in El Verde Lagoon
during the dry season and Mee (1977) found that
production in Chautengo Lagoon was higher when
the inlet was closed than when it remained open.
Thus these lagoons are at the interface between
terrestrial and riverine systems on one hand and the
ocean on the other. Fresh water inpuf provides
inorganic nutrients and organic matter which stimu-
lates metabolism while the ocean is a sink for these
materials. The relative degree of coupling at the
upland/lagoon and lagoonjocean interfaces determi-
nes the productivity of a specific lagoon.

ACKNOWLEDGEMENTS

The paper was the result of a cooperative effort by the
Laboratorio de Ciencias Marinas and Escuela de Biologia of
the Universidad Auténoma de Guadalajara, The Instituto de
Ciencias del Mar y Limnologia, UNAM and the Dept. of
Marine Science, LSU. Partial support was provided by the
Louisiana Sea Grant College Program. This is contribution
number 543 from the Instituto de Ciencias del Mar y
Limnologia, UNAM and number LSU-CEL-87-05 from Coastal
Ecology Institute, LSU.

Manuscrit accepté par le Comilé de Rédaction le 10 avril 1988



PHYTOPLANKTON PRODUCTIVITY IN BARRA DE NAVIDAD LAGOON 107

REFERENCES

Arenas (V.), 1979. — Balance anual de carbono orgénico,
nitrogeno y fosforo en el sistema lagunar Huizche-
Caimanero, Sinaloa, México. Tesis Doctoral, Univ. Nal.
Autén. México, D.F. 114 p.

Barnes (R. 8. D.), 1979. — Biomass, productivity, and
diversity of coastal lagoons. Cambridge Univ. Press.
Cambridge : 49-563.

Benner (J.), 1986. — Effect of discharge on the chlorophyll a
distribution in the tidally-influenced Potomac River.
Estuaries 9 : 250-260.

BoynTton (W.), Kemp (W. M.) and C. Kerre (C.), 1983. —
A comparative analysis of nutrients and other factors
influencing estuarine phytoplankton production. In:
V. Kennedy (ed.), Estuarine Comparisons. Academic
Press, New York : 69-90.

CoLe (B. E.) and Croren (J. E.), 1984, — Significance of
biomass and light availability te phytoplankton pro-
ductivity in San Francisco Bay. Mar. Ecol. Prog. Ser.
17 : 15-24.

Cooxsey (K.) and Cooksey (B.), 1978. — Growth-influencing
substances in sediment extracts from a subtropical
wetland : investigation using a diatom bioassay. J.
Phycol. 14 : 347-352.

Day (J.) and YAREz-ArRancisia (A), 1981. — Coastal lagoons
and estuaries : ecosystem approach. Ciencia Inferameri-
cana. 22 : 11-26.

Day (J.), Day (R.), Barreiro (M. T.), Ley-Lou (F.) and
Mappewn (G. J.), 1982. — Primary production in the
Laguna de Términos, a tropical estuary in the Southern
Gulf of Mexico. Oceanologica Acta. Special Volume SP :

269-276.
Day (J.), Lev-Lou (F.), Mappen (C. J.), WeTzEL (R.), and
Macuanpo-Navarro (A.), 1987. — Aquatic primary

productivity in the Laguna de Terminos. In : A. Yéafez-
Arancibia and J. Day (eds.), The Laguna de Terminos :
An Estuarine Profile. Instituto de Ciencias del Mar y
Limnologia, Universidad Nacional Auténoma de Méxi-
'co, Mexico, D. F.

Epwarps (R. R.), 1978. — Ecology of a coastal lagoon
complex in Mexico. Estuar. Coast. Mar. Sci. 6 : 75-92,

Frores-Verpuco (F. J.), 1985. — Aporte de materia organica
por los principales productores primarios a un ecosiste-
ma lagunar estuarino de boca efimera. Tesis Doctoral.
Univ. Nal. Autén. México. 184 p.

Frores-Verbuco (F. J.), 1986. — Ecologia de los Manglares y
Perfil de Comunidades en los Sistemas Lagunares de

Reuv. Hydrobiol. trop. 21 (2) : 101-108 (1988).

Agua Brava y Marismas Nacionales, Nayarit. Informe
Técnico. Consejo Nacional de Ciencia y Tecnologia.
clave : PCECBNA-022068. 350 p.

Garcia (E.), 1981. — Clima de las costas de Jalisco. Instituto
de Geograia, Univ. Nal. Autén. México, México, D. F.
30 p.

GiLmarTin (M.) and REvELANTE (M.), 1978. — Phytoplankton
characteristics of the barrier island lagoons of the Gulf
of California. Esiuar. Coast. Mar. Sci. 7 . 29-47.

GOMEZ-AGUIRRE (S), 1974. — Reconocimientos estacionales de
hidrologia y plancton en la Laguna de Términos,
Campeche, México. An. Centro Cienc. del Mar y Limnol.,
Univ. Nal. Auton. México. 1 (1) : 61-82.

GonzALEz-Famias (F.) ef al. 1986. — Dynamics of organic
matter production and decomposition in the Aqua
Brava mangrove system. Instituto de Ciencias del Mar
y Limnologia, Estacion Mazatlan, Mazatlan, Mexico.

Lanxrorp (R.R.), 1977. — Coastal lagoons of Mexico, their
origin and classification. In : M. Wiley (ed.), Estuarine
Processes. Academic Press, New York. 2 : 182-215.

Ley-Lou (F.), 1985. — Aquatic primary productivity, nutrient
chemistry, and oyster community metabolism in a
mangrove bordered tidal channel. M, 8. Thesis, Louisia-
na State University, Baton Rouge. 59 p.

McHueH (J.), 1976. — Estuarine fisheries : are they doomed?
In: M. Wiley (ed.), Estuarine Processes. Academic
Press, New York. 1: 15-27.

MeE (L. D.), 1977. — The chemistry and hydrography of some
tropical coastal lagoons of the Pacific coast of Mexico.
-Doctoral Thesis. University of Liverpool, Great Britain.
126 p.

MEE (L. D.), 1978. — Chemistry in Coastal Lagoons. In : J. P.
Riley and R. Chester (eds.). Chemical Oceanography.
Academic Press, New York. 8 (42) : 410-441.

Nixon (8. W), 1981. — Reimineralization and nutrient cycling
in coastal marine ecosystems. In : B. Neilson and L.
Cronin (eds), Estuaries and Nutrients. Humana Press,
Clifton N. J.: 111-138.

Nrxon (S. W.), 1982. — Nutrient dynamics, primary produe-
tion, and fisheries yields of lagoons. Oceanologia Acta.
Special Volume SP : 357-371.

PrakasH (A.) and Rasaip (M.), 1968. — Influence of humic
substances on the growth of marine phytoplankton :
dinoflagellates. Limnol. Oceanogr. 13 : 598-606.



108 L.C. SANDOVAL ROJO ET AL.

Prakasu (A.), JEnseEN (A.) and Rasuip (M.), 1972. — Humic
substances and aquatic productivity. In : D. Provoledo
and H. Golterman (eds.), Humic Substances : Their
Structure and Function in the Biosphere : 259-267.

RanpatL (J.) and Day (J.), 1987. — Effects of river discharge
and vertical circulation on aquatic primary production
in a turbid Louisiana (USA) estuary. Neth. J. Sea
Research. 21 : 231-242.

RosLes-JareRO (E. G.), 1985. — Productividad primaria del
fitoplancton y distribucién temporo-espacial de pigmen-
tos fotosintéticos (clorofila «a» y feopigmentos) en el
Estero de Urias, durante un ciclo anual (septienbre
1982-agosto 1983). Universidad Auténoma de Guadala-
jara. Escuela de Biologia. Guadalajara, Jalisco. 76 p.

Roman (M.), Reeve (M.) and Froceatr (J.), 1983. — Carbon
production and export from Biscayne Bay, Florida. 1.
Temporal patterns in primary production, seston, and
zooplankton. Estuar. Coast. Shelf Sci. 17 : 45-59.

StrickLanD (J. D.) and Parsons (T. R.), 1972. — A Practical
Handbook of Seawater Analysis. Second Edition.
Fisheries Research Board of Canada, Ottawa : 21-26.

Sussa Rao (D. V.) 1978, — Spatial and temporal variations of
phytoplankion production in lagoons. Technical Papers
in Marine Science. UNESCO. Paris. 30 p.

Rev. Hydrobiol. trop. 21 (2) : 101-108 (1988).

Tunpist (J.), 1969. — Plankton Studies in a mangrove
environment, its biology and primary production. In :
Coastal Lagoons, a Symposium. Proceedings of the
International Symposium on Coastal Lagoons. UNAM-
UNESCO. Mexico, D. F : 485-494.

TwiLLEY (R.), 1982. — Litter dynamics and organic exchange
in a black mangrove (Avicennia germinans) basin forest
in a southwest Florida estuary. Special Publication No.
60. University of Florida, Gainesville. 269 p.

VoLLENWEIDER {R. A.), 1974. — Environmental Factors
linked with Primary Productivity. In: A Manual on
Methods for Measuring Primary Production in Aquatic
Environments. IBP Handbook No. 12, Blackwell
Scientific. Publications, London : 157-177.

Writtaker (R. H.) and Likens (G. E.), 1975. — The
biosphere and man. In : H. Lieth and R. H. Whittaker
(eds.), Productivity of the Biosphere. Springer Verlag,
New York. 15 : 126-138.

YANEZ-ARANCIBIA (A.), 1978. — Patrones ecologicos y varia-
cion ciclica de la estructura trofica de las comunidades
necténicas en lagunas costeras del Pacifico de México.
An. Ceniro Cienc. del Mar y Limnol., Univ. Nal. Auién.
México 5 : 287-306.



