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Abstract

Sea®nalandspatia paternsof aquatc primary producton werecomparedn atidal creek(EgeroPargo)bordered
by mangrwes and openwatersof TerminosLagoon,Mexico. Comparsionswere madeduring a 17-monh period
in 1990-91hatspannediry, rainy, andstormor ‘Norte’ sesa®ns Annualnetprimary productvity was478g C m—2
yr~1in the lagoonand285g C m~—2 yr—1 in the tidal creek.In somemonths therewere significantdifferences
in primary producton betweenthe two sites. In both areas the highes productvity occurredin summerat the
start of the rainy sea®n (June 1991), and the loweg producton occurredduring the dry sea®n from February
to May. Aquaic primary producton waslower during the dry sea®n of 1991in comparson to 1990, possibly
related to unusualy low precipitation during 1991.Sea®nalchangesn water column productvity were correbted
to variationsin light andprecipitation.Theeffectof runoff from mangrore foress wasassessed by serial additions
of surfacewater from a fringe foreg to bottle incubationsof lagoonwater. Small additionsof mangraoe water
stimulated primary producton in lagoonwaters during all sea®ns The netproductvity was extremel sendtive
to aliquotvolume;smal amouns (0.3and 1.7%of total volume)were stimulatory, increasng ratesby > 50%in 7
of 12 experimens. Thegreaed effectoccurredn Sepember, 1990,whenproductvity tripled afteranamendment
with 1 ml (0.3% by volume) of mangrove water. Additions greaterthan 3% of total volume genrerally led to
reducton in net productvity probaby dueto the inhibitory effect of humic subgances In mary tropical systems
tidal excharge of estlarine waterswith margrove forestsis likely to be importart to erhancing water column
productvity by exporting organic nutrients andother gronth-enhanang subgancesto the estuary.

Introduction 1990). In Terminos Lagoon, Rivera-Monrgy et al.

(1995)measiredsignificantexport of particulate ma-
In mary tropical eduaries thereare strong inpuss of terial anddissolvedorganc nitrogenfrom fringeman-
nutrientsand organic matterfrom adjacentmangrose groves, potentaly linking the mangroze and estuary
ecosystemgontrolled by tides and river dischage subg/stems Mog studies have focused on how these

(Boto & Bunt, 1981; Twilley, 1985; Robert®n et organtc materials from mangrove foreds supportdi-
al., 1988;Gong & Ong, 1990;FloresVerdugoet al.,
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Figure 1. Map of study site, showing locationof stationsin Estero Pargo (Station1) and Terminos Lagoon(Station2).
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versefoodwebsin coastalvaterg(e.g.0Odum& Heald,
1972;Benner& Hodsn, 1985; Moranet al., 1991).
However, stimulation of primary producton by ex-
ports of dissolved organic mater from mangroveshas
beendemongated by Praka$ & Rashid (1969)and
Prakas (1971)in Jamaica, West IndiesandHerrera-
Silveira & Ramirez-Rmirez (1996)in Celestun La-
goon, Mexico. It is likely that organic carbonand
nitrogenexported from mangrove foregs canenhance
aquatigprimaryproductiity in additiontoits effecton
secondaryproductiity of tropical eduaries(Twilley,
1988).

In tropical and semi-tropical estuariesalong the
Gulf and Pacffic coass of Mexico and throughout
the world, elevation or enhancemen of aguatic pri-
mary productvity is often associated with periods
of increagd inpus of allochthonousmatrial from
seasonabpatternsof rainfall and river flow (Flores-
Verdugoet al., 1987; Rojas Galaviz et al., 1993).In
Terminos Lagoon, a tropical equary in the southern
Gulf of Mexico ard the site of this study, meteao-
logical and hydrological cycles are characerized by
a pronounceddry sea®n in spring and a rainy sea-
son in summer Previouswork in this lagoonshowed
that chlorophyl a and aquatc primary productvity
increagd in the open waters of the lagoon during
the rainy sea®n andwerehighes during the pasage
of metreological fronts. Day et al. (1988) repored
thatin the rainy sea®n runoff of mangrose water sig-
nificanty increagd regiration and netproducton of
the estuarine water column. The® obsrvations sug-
ges that either dissolved organic mater or nutiens
exported from mangroves stimulated phytoplankion
producton.We reporton thefirst directstudiesof this
relationship between runoff from mangroe foreds
andaquatc productvity in this tropical eguary. Rela-
tionshipsbetveensea®mnal environmensl facobrsand
rates of aquaic primary productvity were examined
in two areasof TerminosLagoonadjacento and dis-
tart from amargroveforest.Also investigatedwasthe
influenceof surface runoff from fringing mangraoe
foreds on estuarine water column metabolism. Our
hypohess was that primary productvity in the wa-
ter columnwashighestduringthewet seasorbecause
of the stimulatory effect of high inputs of mangrore
fored runoff at thattime of theyear
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Study area

TerminosLagoon(1840 N, 91°30 W) isalarge(ap-
proximaiely 1800km?), shallow (Zawg=3.5m) coastal
embaymenin the southern Gulf of Mexico. A bar
rierisland (Isladel Carmen)separaesthelagoonfrom
the Gulf of Mexico. Tidal passesat eachendof the
island provide connection with the Gulf (Figure 1).
Prevailing easterlytrade winds force an east-tewest
circulation of coastalwaters, causinga net flux of
marine water into the lagoon through the northeas
pas andout of the lagoonthroughthe southwes pass
(Mancilla & Vargas 1980;Grahametal., 1981).The
lagoonis borderedby extensve mangrove swamps
dominated by Rhizophom mangle L. (red), Avicenna
germinansL. (black),Laguncubriaracenosa Gaertn.
f. (white) (Day et al., 1987).Phydcal andbiological
proceses of TerminosLagoonaredetailed in Phleger
& Ayala-Cagafares(1971) and Y anez-Aancbia &
Day (1982).

The climate of the region is tropical with average
montly air temperatiresrangingfrom 18°C to 30 °C.
Annual precipitation averages1680mm yr—1, but is
concentratediuring a rainy seasonthat extendsfrom
Juneto October During the storm or ‘Norte’ sea®n
from Novemberto February periodic northwesterly
frontal pasagesbring high winds cloudsand occa-
sionaly subgantia rainfall. The dry sea®n extends
from Februaryto early June.Tidesaremixeddiurnal
with a meanrangeof about0.3 m. The Candelaria,
Chumpéanand PalizadaRivers are major sourcesof
freshwater to thelagoon(Phleger& Ayala-Cadafiares
1971)andpeakdischarmge occursin the secondhalf of
the rainy sea®n from SepemberthroughNovember

Measurement$or this study were madeadjacent
to Isla del Carmenin Estero Pargo, a narrov (14—
200m) tidal channeborderedy mangrosefored, and
atasitein the openlagoonapproxmatly 1 km from
the mouth of Estero Pargo (Figure 1). Egero Pargo
is5.9km long (Ley-Lou, 1985)andduring the Norte
sea®n, the mangrove foreg is periodicaly floodedas
strongnorth windsincreag water levelsin thelagoon.
During the rainy sea®n, frequentstormswash maie-
rial from the mangrwe foreg floor into the channe]
and during the dry sea®n, high evaporaton realts
in dry, hypersline mangroe foreg soils. The open
water site is in the cental basn of TerminosLagoon,
wheremeandept is approximaely 3 m. Thesiteis
closeto shoreand periodicaly influencedby drainage
from themangraesas evidencedy azoneof reddish
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Figure 2. Environmental conditionsandnet productvity at Stationsl and 2, February1990—aily 1991.Daily PAR (photoynthetically active
radiation)at the study locationis monthly averageof continuousmeasirerrents Noon PAR (dasedline) is surfaceirradianceduringtheincu-
bation. Turbidity measiremrents(Kp) were madeat time of sanple collection. Air tenperature andrainfall were collectedat a meteoplogical
station at the site. Barson productiity histogramrepregnt meanof threereplicatemeasirenents(error bars+ 1 sd). Points on lagoongraph
are estimatesfrom mangiove Pmax incubationg(seetext). Shadingindicatesdry sea®n.
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brown darkmangrorewater extending1—2km into the
lagoon.

M aterial and methods

Sanple collecion andincubaton

Primary productvity experiments

Water sampleswerecollectedneara fringe mangroe

forestin EsteroPargo (Statian 1) and a station in Ter-

minos Lagoon (Station 2) nominally on a monthly

scheduk. Water was sampled from 15-25cm deph

in opaque25 | carbgs andincubaéd in situ at the

Estero Pargo station as follows: clear and opagque

300 ml BOD bottleswerefilled undersubduedlight

within 0.5 h after samding and incubated using the

light and dark bottle oxygentechnique(Gaarder&

Gran, 1927; Hal & Moll, 1975). Triplicae clear
BOD bottles were placed in neutral density screen
bags of one to four layers tramsmitting 75, 44, 27,

ard 14% of incident light. Three opaque bottleswere
filled andincubatd in thedarkto measirereiration.

Screerdbottlesweresuspended from afloating frame
in the tidal creekat 15 cm depth for 3 h. Initial and

final oxygenconcentrationsvere measired with an
Orbispher@ model 2607 oxygenmeter (£ 0.01 mg

I=1) with stirrerand a Clark temperatue-canpersated
polarographt elecrode(Kanwisher, 1960).Water col-

umn light profiles were taken at eachstationwith a
Licor® Li-1000datloggerand Li-192SA underva-

ter PAR (Photosynthetcaly Active Radiation) sensor.

Water temperature and salinity were measuwed using

aBeckma® (RS5-3)salinometerIncidentradiation
was recordedcontinuousy duringincubationswith a

Licor® 1909A quantim sensor.

Bioassayexperiments

Surfacewater from a fringe mangroweforeg at Egero
Pargo (Figure 1) was collectedin a 500 ml plastic
bealer, takingcarenotto disturbsedimentsandtrans-
ferredto 11 acidwashed (10% HCI v/v) plastichottles.
Samples werevacuum-fiteredthroughprea®iedGF/F
glass fiber filters. Aliquoss of 0 (0%), 1 (0.3%9, 5
(2%), 10 (3%), 20 (7%), and 50 (17%) ml wereadded
to clear and opaque 300 ml BOD bottles and madce
up to 300 ml with water collected from the lagoon
(Station2). Triplicate BOD bottleswereplacedinside
one-layer screenbags, trarsmitting 75% of incident
light, and along with the dark bottles, fixedto a float-
ing incubaton frame at a depth of 20 cm. Oxygen
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concertration in bottles was measued before and af-
ter 3—4h incubaitonsaroundnoonto deermine water
column producton and regiration rate. A correcion
was madeto accountfor dilution of lagoonwater by
specific volumesof mangrosewater (Day et al., 1988).
Air temperature,PAR and precipitationwere mea-
sured continuousy at a meteorobgical station at the
study site.

Productvity calculationsandstatistical analyss

Relationships degribing phobsynthess veras light
intersity (P—I curveg and phobsyntheic paramedrs
werederived using a two-stepcurve fitting procedure
(Jasby & Platt 1976). Oxygenproducton wasfitted
to the following funcion after Smith (1936)andKirk
(1983):

(PRt (@E)?)Y

modified to includetotal producion of thewater par
cel, where Py, is maximum phobsyntheic rate, Eq
is irradiance,and « is the phobsyntheic efficiency
(light-limited slope of the P—I curve). Photoinhibition
was not observed in any of the incubatons P versus
I relationships and vertical light profiles were used
to cakulate integraied productvity (Madden, 1992;
Madden& Day, 1992) asuming homogeneouser-
tical distribution of phytoplankion (Gomez-Aguirre,
1974; Day et a., 1988). Hourly producton was ex-
trapohted to daily rates using coninuousmeasires
of incidentlight over time. Rates for monhs where
no daly rate was available were estimatedby in-
terpolating existing values Oxygenmetaboism was
convertedto carbonvalueswith a photoyntheticquo-
tient of 1.2 (0.313g C/g O,) and expresed in mg
C m2d-1(Kirk, 1983).

Mangrove water addition incubations were per-
formed with a single screenlight treatmem (75%
ambintPAR), repreening full saturaion for the phy-
toplankion communty, thereforereflecing the asso-
ciated maximum productvity rate (Pmax). Mangrove
addition experimentswere done nearly contempora-
neously with P—I incubations (within 1 d), and used
asa checkon therepetitionsof productvity measire-
mens using full P—I curves. Pmax measurementsere
multiplied by an average 10 h (daylength) and 1.5 m
(euphoic deph) to yield an estimate of integrated
daiy carbon producton in the water column (mg
C m—2 d—1). Differencesamongvolume of mangrae
water addition, sampling month, and an interacton

1)
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term were testedusing factorial generallinear mod-
els. Differencesn primary productvity betveenareas
within eachmonthweretestedusing a nesteddesign

with linearcontrasts(SAS-JM I®, 1994).

Results

Seasnalandspatial paterns

Water salinity and temperatue ranged from 25 to
30 %o and from 22.9to 33 °C, respectiely. Mean
montly air temperatirerangedirom 21-34°C & the
endof thedry sea®nto 18-22°C during the ‘N orte’
seasa. Maximum salinity valueswereobserved on 12
June1990in TerminosLagoonat the end of the dry
season.

Photosynthess veras irradiance (P—I) relation-
ships closely followed a hyperboic tangent model
Satuation onset(/k ) generaly occurrecoetween200—
300 Einm~2s71, regardlesof seasonwhichishigh
comparedo othercoagal systems Irradiancewas sat-
urating in most incubations (with a few excepions
on cloudydayg, andphotoinhibitionwasnot evident
in ary of theincubatons Photosyntheic parametrs
(Pmaxandalpha)differedsignificanty amongmonts
but pairwise comparisons showed that betweensite
differencesverenotsignificant.

The magnitude and seasoality of net primary pro-
ducivity weresimilar at both sites. Primary productv-
ity rangedrom 0.03t06.5g C m—2 d~1 in the lagoon
andfrom 0.09t0 5.2 g C m—2 d~1 in the tidal creek
ard followeda distinct seasoal pattern(Figure 2). At
both sites, producton waslow during the dry sea®n
(February—May)averaging0.49g C m—2 d~1, while
rates were four times higher during both rainy and
Norte sea®ns averaging 2.22g C m—2 d~1. Seasonal
differencesin primary productvity were significant
(p<0.02,F=6.305,n=22 ANOVA). Maximum pro-
ducivity for both sites wasobserved in June1991at
the beginning of the rainy sea®n when productvity
averaged6.5g C m—2 d~1 in the lagoonand5.2 g
C m2d1in thetidal creek Minimum ratesof 0.05g
C m~2 d~! occurredn March1991at both sites.

High averagerates in thelagoonwere strongly af-
fected by two high measiremens in November1990
andJunel1991.In seven of 11 pairedincubatons pro-
ducivity in the Esterowassignificanty higherthanin
the lagoonwhile rates werehigherin thelagoononly
twice.In the dry sea®n, productvity in the tidal creek
always exceededhatin thelagoon(n=6). Duringthe
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Figure 3. Relationsip of integratedwatercolunn productvity and
in situ turbidity (Kp) for lagoonandesterosites Asterisks repregnt
measirements not included in calculationof regression lines (see
text).

wet and Norte seasonsratesat the two siteswereei-
ther statistically similar (Augud—September 1990)or
higherin thelagoon(November 1990;June,1991).In
thelagoondry sea®n ratesweremuchlowerin 1991,
averaging0.1 g C m—2 d~1, thanin 1990, averaghg
0.71g C m=2 d~1. While in the tidal creek, rates
were about70% lower in 1991(0.25g C m—2 d1)
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Tablel. Environmentalconditions ratio of productionto reiration (P:R),and salinity duringsanpling

collection.
Date PG R** PN R¥* Salinity (%0)  Weather Sea®n
TL*  EP*  TL EP TL EP

1990
February6 26 38 16 28 250 310 partially cloudy ‘Norte’
April, 5 8.8 26 7.8 25 329 320 clear sunry Dry
May, 9 6.7 160 5.6 150 364 350 clear sunry Dry
June,12 13 34 0.3 24 350 380 partially cloudy Dry/Rairy
Augug, 15 112 31 102 21 280 260 clear sunry Rainy
Septerber, 11 24 9.8 14 88 300 280 clear sunry Rainy
November, 3 8.6 55 76 45 262 258 partially cloudy ‘Norte’

1991
January 6 10 nd 003 nd 268 272 clear sunry ‘Norte’
February19 11 18 0.11 08 259 320 clear sunry ‘Norte’
March,29 12 11 0.17 02 335 347 clear sunry Dry
June,6 50 31 401 21 364 362 sunry Dry/Rairy
July, 18 11 34 0.05 24 305 350 clear sunry Rainy

* Terminos Lagoon.

** EsteroPargo.

*** Gross production/Repiration ratio.
**#% Net production/Regiration ratio.
nd=no data.

cognpareoto the dry sea®n in 1990(0.85g C m—2
d—).

Theratios of net producton to regiraton (Pn:R)
in the watercaumns of both siteswere> 1 indicaing
aubtrophyandratios weregeneraly higherin Estero
Pargo thanin the openlagoon. The ratio of gros
primary producton to reiration (Pg:R) in incuba-
tionsrangedfrom 1.0-11.2in TerminosLagoonand
1.1-16.0in Estero Pargo. Ratios of net producton to
respration (Pn:R) rangedfrom 0.03-10.2for the la-
goonand0.2—-15for Estero Pargo (Table 1). Average
gross and netproducitvity ratos at both stationswere
consstently higherin 1990(Pg:R and Py:R =6.4and
4.5)thanin 1991 (Pg:R and Py:R=0.87 and 2.4).
The wider range in the P:R ratio in the tidal creek
was predictable dueto its proximity to a large source
of organicinput, reailting in a greatemutrientsource
for autotrophy, and anabundantcarbonsourcefor het-
erorophy The tidal creeksystem is thus also more
likely to continueto have highernet productvity than
the openlagoonduring periodsof low precipitation.In
fact during dry periodsproducton washigherin the
tidal creekthanin the lagoon.

Lightandproductvity relationsips

Water trangareny wasasvariable montly as it was
sea®naly at both sites (Figure 2). During the study,
downwelling atteruation (Kp) averaged 1.5 m~1 at
both sites, ranging from 0.48to 2.40 m~1 in Estero
Pargo and 0.83t0 2.24m1 in the lagoon.Extremes
in turbidity correpondedto euphotc dephs of less
than2 m to nearlyl0O m, deepethanthewatercolumn
(asuming Zeu= 1% of surfacePAR). PAR atmid-day
rangedfrom 1070to 1675 xEin m~2 s~ (Figure 2).
Incubatonswere usualy performedduring clearand
sunry conditions athough some daysbecamehazy
to parly cloudy during measiremens. Averageday-
time irradiancerangedfrom 765 to 1100 xEin m—2
s~ with a minimum in June 1991 and a maximum
in Augug 1990(Figure2). Daily PAR wasgeneradly
lowest during the Norte sea®n (October-February),
dueto low solar zenth angk and overcag conditions
during frontal pasages During the spring dry sea®n,
the sky was usually clear throughoutthe day, while
during the summerrainy sea®n cloudines occurred
in late afternoon, having minimal effect on average
insdation.

Primary productiity was associated with water
clarity and incidentradiation (PAR). Ratesof inte-
graied net water column productvity decined expo-
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Percentape by valume] of mangrove wader added

Figure 4. Seasnal net primary productvity of water from Terminos Lagoon treatedwith differentpercentage®f filtered mangroze water.
Percentagerepreent differentaliquots (0, 1, 5, 10, 20, and50 ml) addedto BOD bottles(300ml volume). Error barsare 1 standarddeviation
for meansof 3 replicates Asterisks indicatesignificantdifferences(p < 0.05) from the control treatrrent (0 ml).

nentially with increasig turbidity (Kp), desribed
by quadratic regressian (Figure 3), with correlation
coeficients (r2) of 0.35 for the lagoon(n=12) and
0.65 for the tidal creek(n=11). With the exclusion
of three points from the lagoon regresion, and one
point from the tidal creekregression, 2 increasedo
0.93and0.75, regecively. Thefour excludedpoints
occurredin 1991, an unusialy dry year (see Fig-
ure2). Thethreepointsfrom thelagoonwith very low
productvity relative to turbidity were in dry sea®n
condtions The single outlying point from the tidal
creekwas from June 1991 in the early wet sea®n,
whenproducton wasunusialy high.

Primary productvity paternswerealso relatedto
montly rainfall, which providesa mechaném for the
couping of mangrose foreds and tidal waters. Be-
tween1988-1992meanannuabrecipitation averaged
about 1600 mm, and significant sea®nal and inter-
annuadifferencesvereobserved. Precipitation during
1990was greaerthannormal(1974mm), while 1991
was drier than normal (1414 mm). Mog of the rain-
fal deficit in 1991 occurredduring the dry sea®n,
when precpitation totaled only 113 mm (dry sea®n
mearr 182mm), aboutone-fourh thatin the dry sea-
son of 1990(424 mm), and almog haff the level in a

normalyear Precipitation for JanuarythroughJunein
1990totaled 855mm, versus202mmin 1991.

Enrichment studies

Small aliquots of surfacewater from a mangrae for-
ed in Estero Pargo addedto incubaions of lagoon
water stimulated primary productvity (Figure4). Sta-
tistically significantdifferencesin productvity were
measired amongthe percensges of volume added
(0,03, 2, 3,7, 17) (p<0.001),months (p < 0.001),
ard the interaction volumexmont (p < 0.001)treat
merts. Most significant increaseavereobserved with
low percertage of volume additions (0.3 arnd 2%),
which significanty stimulated producton in half of
24 experimens (p < 0.05)by 20 to 350% Tenexper
iment showed no significantchangeand two of 24
meastemerts showed a significarnt decreasewith 1
or 5 ml aliquos. The interacton term indicats that
effects of additionson productvity were not congant
throughouthe year, but varieddependiag on mont.
Stimulation of producton was generdly higher
in incubations during the rainy seasm, with greatest
increagsin Juneand Sepember1990andthe small-
ed increassin March—iine 1991. Mangrove water
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tendedto inhibit producivity during thewinter Norte

sea®n,evenatlow volumeadditions Stimulation was
consstently lower in 1991,a dry year thanin 1990,
which had higher preciptation than normal. In two

ca®s (Augug and September1990, both during the

rainy sea®n), mangroewater additions= 3% resulted

in significart stimulation. However, in all other cases
the sameadditionsdid not affect net productvity or

inhibited. In one ca® in March 1991, productvity

decreasedby more than an orderof magnitudeafter
adding17%of mangraewater. Significantreductons
in productvity were also obsrved in November1990,
February1990, and February1991, with even small

percendageaddiionsof 0.3and 2.

Productvity of lagoonwaterswith no addition of
mangrae water rangedfrom 0.001to 0.27mg C |1
h=1, and as in P-I curve incubatons highes rates
were oberved in June(0.25-0.27mg C I-1 h—1) and
July 1991(0.16-0.22mg C 1= h=V. The July 1991
Prax vaue estimatedwith zeromangrove water addi-
tion was significantly greaterthan the value derived
from the complete P—I curve, and was closeto the
value we measued in the tidal creek Similarly, the
November 1990 value estimated from mangrose ex-
perimentswas closerto the tidal creekresult, 50%
less than the net productvity from P—I incubation
onthe previousday. Overal Pmax measurementand
productvity calculated from P—I valuesweresimilar.

Discussiam

Lightasa control of producton

Despte the lack of seasaality in the distribution of
Kp (turbidity) a strong relationship betweenproduc-
tivity, incidert PAR and Kp was obsrved. Small
variations in turbidity significartly alteredtotal wa-
ter columnproducton as indicatedby the exponental
relationship demonsratedin Figure3. Turbidity con-
trol of productvity hasbeendemonsratedin systems
with pulsed nutrientinputsdueto theexponentiarela-
tionship betweenlight atenuaion and dept (Cloern,
1987;Madden& Day, 1992).Both light and precip-
itation were better correlatedin the tidal creekthan
in the openlagoonprobaby dueto the proximity of
the tidal creekto the mamngrove forest, which is a
sourceof pariculate and dissolved organc nitrogen
(Rivera-Monrg etal., 1995).
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Coupling of mangroveswith the estuary

Day et al. (1988)foundthatsmall additionsof filtered
mangraoe water from Estero Pargo hada stimulatory
effecton oxygenproductionin light bottlescontaining
water from TerminosLagoon.Yet, these studieswere
carriedoutonly at thebegining of the dry sea®n. Our
resuts show thatthis stimuation occursduring all sea-
sans whereaddition of low percertages (0.3 and 2%)
of surfacewater stimulated productvity by morethan
50% in mog of the experimens indicaing that sur-
facemargrove water canpotertially stimuateaguatic
primary productvity throughouthe year Overall, the
magnitude of the stimulation was differert between
1990and1991suggesing an interannuavariability.
In mary tropical mangrae systems,comple or-
ganic compoundsare quantitatvely releagd during
decamposition of margrove litter. Approximately 30
to 50% of the organic matter in mangrove leaves
are leachablewater-soluble compoundssuch as tan-
nins and sugars(Cundel et al., 1979). Moranet al.
(1991) found high concentations of lignin phenos
in waters overlying a mangrove swamp. Humic sub-
stancesanddissolvedlignin phenosareformedduring
decanposition of red margrove leaves.High concen
trations of dissolved organc material exported from
mangrae ecoystemsmay be a key facor supportng
phytoplanktongrowth. For example, Twilley (1985)
shavedthatleachingof dissolvedorganiccarborfrom
margrove leaf litter provided DOC to the surfaceof
basn foregs andlater exported during rainfall. Previ-
ousstudieshave shown thatsubgancesexported from
mangroes and other temperag wetlands including
organt nutriens andhumic compundscanstimulate
phytoplankbn producton througha numberof mech-
anisms (Prakas et al., 1973; Granél et al., 1985;
Gediorowska & Plinski, 1986; Moran et al., 1991;
Carlsson et a., 1993; Carlsson & Granél, 1993).
It hasbeensuggesed that lignocelulose-derived hu-
mics are assimilated into microbial biomas (Benner
& Hodson, 1985;Moranet a., 1991)enhanang rem-
ineralizationand nutrientreleaseAlso, organicmatter
stimulatesmarine phytoplankon (Toledoet al., 1980;
Granél et al., 1986) and benhic diatoms (Cooksy
& Cooksy, 1978) by chehting toxic contaminant
ard tracemetals,mitigating their toxic effects(Toledo
et al., 1982; Mackey, 1984). Additionally, nitrogen
in dissolved organc mater compoundsmay be di-
recly available to some agal groups(Granél et al.,
1985; Carlsson & Granél, 1993). Rivera-Monry et
al. (1995)foundsignificantexportof particulate (PN)
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ard dissdvedorganic nitrogen (DON) from the fringe
fored in Egero Pargo during the rainy and ‘Norte’
sea®ns They repored PN exportratesof 3.9mg m—2
h=1 and 0.62 mg m—2 h~1 in Augug and November
1990, regecively. Also, significantexport of DON
was observed in November1990(1.3 mg m—2 h™1)
and June 1991 (0.075mg m~2 h~1). Export of ni-
trogen from the fringe forestcoincides with high net
aquaic primary productonratesobtainedfor the same
months in EsteroPargo indicating a potertial direct
relationghip.

In our bioasay experimens, netprimary produc-
tivity usually decined asgross productvity increagd
with additions of 3% or more of margrove water. The
inhibitory effects of humic subganceshave beemoted
in otherlocatonswhere selecive absorption of light
by yellow color (Praka$ & Rashid, 1968,1969),ex-
cesive binding of iron or othermetals (Prakas et al.,
1973;Guildford et al., 1987),and reducedpohophat
availability (Jacksn & Hecky, 1980) causd lower
rates of netproductvity. Humicsare also toxic to some
microabae (Craigie & McLachbn, 1974), and tan-
ninsreleagd by mangraoes caninhibit the growth of
phytoplankibnby reduchg pH (Ricard,1984).

Water colurm metabolism

The duraton of this study over 18 months allowed
us to egimate annual productvity and evaluate any
patterns of seasma variaklity. For the year begin-
ning February 1990 overall meansof 1.30 g C m—2
d=1 in the lagoonand 0.78 g C m=2 d~1 in Estero
Pargo correpondedto annualrates of 474 g C m—2
and285g C m~2, respectiely. For the year begin-
ning Augug 1990 similar rateswere 1.54and 1.2 g
C m~2 d~1 for the Lagoonand Estero Pargo corre-
sponding to 562 and438 g C m~2 (Tabk 2). When
data from the enire samping period were included,
annuaized productvity was about 430 g C m~2 for
TerminosLagoonand383g C m~2 for EsteroPargo.
Higher ratesin EsteroPargo during the wet seasm
in June and July 1991, elevated annualestimates of
productvity. Annual integrated producton for Ter-
minos Lagoonin our study was significanty higher
than in two earler studiesin the lagoon(Day et al.,
1982; Day et a., 1987), which edimated 197 and
2199 C m2 yr1, respectiely. This may be related
to our sampling schemethat covered the wet sea®n
period of highes producton. Our reailts show that
the water column was autotrophic in 1991 (average
P:R=1.4)and1990(averageP:R =5.6).Interedingly,

we found lagoon productvity during the wet sea®n
to be 3-5timeshigherthanmeasiredin earler stud-
ies, but during the dry seasm rateswere similar in
both studies More imporantly, deite differences
in magntude betweenstudies the sea®nal paterns
of producton we measiredin the lagoonin 1990-91
closly matchedthos obsrved in the lagoonduring
1986by Day et al. (1988).In all yearsthereisaclear
patern of higher producton during the wet months,
variably deerminedby input from the mangraes, a
productvity peakin November, and low productonin
dry months

High water column productvity is well docu-
mened in tropical coasal systems and annualpro-
ducion >400 g C n12 for Terminos Lagoonis in
the upperrangerepored for mangrave-dominatedsys-
tems (Table 2). An annualrate of 232g C m=—2 yr—!
for estuarinewaters onthe Goacoas, India (Verlencar
& Qasml985)is similar to maximum rates of 292
and321g C m=2 yr~1 for the Cananea mangrae
regionin Brazi and the Porto-Novo mangrove areain
the Eadern Indian coas, regecively (Ricard,1984).
High rates of aquatc primary producton occurin a
coagal lagoonon the Pacific coas of Mexico at 5229
C m2 yr~1 (FloresVerdugoet al., 1988)and rates
of upto 876 g C m~2 yr—! in PhanghaBay in the
southwegd coag of Thailand (Wium-Andergn 1979).
Thehigh ratesin Thaiand arefor anareasurrounded
by extendve mangrovefored.

Water column primaryproducton in Estero Pargo
andTerminosLagoonfollowed apronouncedea®nal
patern related to precipitation andlight Theperiod of
highes water columnproductvity occurredduring the
summerrainy sea®n, andminimum rates of produc-
tivity occurredn thespring dry sea®n, degite higher
temperatiresand peakannualinsolation. This is the
first study we are aware direcly addresing the cou-
pling of mangrove foreds and water column primary
productvity in an eguary during an entire annualcy-
cle. It is often difficult to obtain long-term ecobgical
dat for remot sites in the tropics andwe are aware
that this createscertain limitations in the data set.
Nevertheless, our reallts strongly indicat that efflu-
entfrom mangrose fores canenhancehytoplankion
productvity in adjacentvaters By egablishingeffects
of mangroe-eguary linkageon primary producton
at the system level in Terminos Lagoon, we hope
to emphaize the importnce of mangroses in sus
taining productvity in tropical coasgal ecoystems It
is important to recognke this ecobgical function in
consideringnanagemenf mangroeforests.
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Table 2. Net primary production(NPP)of phytoplanktonin mangrove-dominatedtropical and semitropical
coagal systems (modified from Ricard, 1984;andFloresVerdugoetal., 1988).

Location NPPrange Reference

@cm=2yrY
BiscayneBay, USA 13-46 Romen et al., 1983
Gulf of TehuantepecMexico 255-522 RoblesJarero& Lara-lara, 1993
VenezuelarGulf, Venezuela 35-182 Curl, 1960
CananeidRegion, Brazil 365-292 Tundid etal., 1973
PortoNovo Estuary, India 98-321 Sundararag Krishnamurthy, 1973
CochinEstuary, India 128-310 Qasm, 1973
Phangha&ay, Thailand 182-876 Wium-Andersn, 1979
Mandovi Estuary, India 232 Verlencar& Qasm, 1985
Barrade Navidad Lagoon,Mexico 242 Sandeal-Rojo etal., 1988
Chautengd_agoon,Mexico 248 Mee, 1978
Roolery Bay, USA 251 Twilley, 1982
Teacapan-AguBrava Lagoon,Mexico 309 FloresVerdugoetal., 1990
Mukue Lagoon,Africa 416 Kwei, 1977
Baiedu Lévrier, Mauritania 511 Serrin-Reyssac, 1980
El Verde Lagoon,Mexico 522 FloresVerdugoetal., 1988
Huizache-CairaneroLagoon,Mexico 894 Edwards 1978
TerminosLagoon,Mexico (entireLagoon) 197 Dayetal., 1988
TerminosLagoon,Mexico (entireLagoon) 219 Dayet dl., 1982
TerminosLagoon,Mexico (nearfiorestation) 430-562 This study
EsteroPargo, Mexico 336 Ley-Lou, 1985
EsteroPargo, Mexico 285-438 This study
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