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ABSTRACT

During the last years, thestudy d chlorophyllaand itsderivativesisincreasingly used in the understandingd
productivity phenomenad aguaticsediments. St. Andréisacoadtd brackishlagoon, withlargeamountsd organic
meatter in the surface sediments. This paper deal swith phytopigments, organic metter (Iosson ignition), water con-
tentand granulometry d thesediments Twodistinctzonesd productivityarecl osel yrel ated withthemainsediment
types. sandsand muds. Phaeopigments corrdatewdl with organic matter emphasizingits vegetd origin. Muds
presentalarger pigment concentrationbut it Ssemsthatalso inthesandy zone productionprevail sover sedimentary

processes.

INTRODUCTION

Inrecent years, thestudy o chlorophyll aand
itsderivativeshave beenincreasingly usedinthe
understanding d microphytobenthos producti-
vity (Plante Cuny, 1977, 1979; Colijn & Jonge,
1984). Many authorshave reported sedimentary
processesd chlorophyll a and its decaying pro-
ducts(Sanger& Gorham, 1972; Shuman & Loren-
zen, 1975; Brownet al., 1977; Birchet al 1980).

Benthic food chain o lagoons starting with
microphytobenthos have a significant function
on systems dynamics (Plante- Cuny, 1977).

Bottom pigments from rnicrophytobenthos,

Limnetica, 3 (2):299-306 (1987)
® Asociacion Egpafiola de Limnologia, Madrid, Spain

sunken phytoplankton, macrophytes and orga-
nicdetritusdeposition, have shown to be useful
tracersd important phenomenainagquati cecosys-
tems (Fogg & Belcher, 1961; Daley et al 1977,
Reynoldset al 1982; Duxin, 1984).

Recently, microbenthic photosynthesis was
related to eutrophication processesand biogeo-
chemical dynamicsat the sediment level (Sund-
back, 1986; Graneli & Sundback, 1986).

Usually, the benthic phytopigments are stu-
died from a paleolimnologic point of view as
somed them persist through timeashbiochemical



fossils (Brownetal,1977).They canoftendescribe
pastenvironments(Lubienko & Rauser-Cernoous-
sova, 1930; Fox & Anderson, 1941; Vallentyne
1954,1955; Vallentyne & Crastow, 1957; Carpen-
ter,1986). Fromthispoint o view theinterpreta-
tion o the past depends on the knowledge of
present situations(Selley, 1976).

Detritusaccumul ating and nonaccumulating
zones can bedetected by sedimentary pigments.
Theorigin o bottom organic matter is also detec-
table.

Santo Andréisabrackishwater coastal lagoon
located on the SV coast o Portugal, separated
from the sea by asand barrier. The main pheno-
mena in its annual cycle are precipitation (No-
vember to March)and theartificial connectionto
the sea (usually in early Spring, after the more
intense run-off period, when thewater level rea-
chesits maximum).

In1981and 1982, thelagoon waspermanently
isolated. In 1983 the connection with theseawas
formed very late in the year (July). No effective
washing process took place and extreme eutro-
phicationextended throughout thelagoon. After
1984, theinlet wasopened every year at theright
period (March). The 1984 opening period was
very short. Thisfactmay berelated with unfavo-
rablesea conditionsand insufficientwater in the
lagoon.n1985, withalargewater volumeand no
storm tides, the lagoon was connected to the sea
foroneand a haf months.

Since 1984 aresearch project hasbeen carried
out conceming water, sediments, benthicand fish
communities.

Thisstudy concernsgrain-sizedistribution o
surface sediments and its relations with water
content, phytopi gmentsand lossonignitionasan
organic matter approach.

METHODS

Samplesfrom17sampling points{Fig. 1) were
taken each month from February 1984 to May
1985. During this period the connection with the
seawasformed twice-March 1984, March-April
1985. For thisstudy 9 months data was conside-

red- February, March, April, July, September,
October 1984 and February, March, May 1985.

A modified Van Veen grab (0.05m? - Sousa
Reis moddl, L.M.G. 1983) was used. Two sub-
sampleswereseparated:) al0cmsectionforthe
grain-sizestudy; 2) and anupper layer (1 cm)for
water content, organi cmatter and phytopigments
analysis(aliquotes frozen at -20°C).

Methods used were:

1) -Separationof mud (>62p1), sand (621120001

and gravel (>2000n) by wet sieving (Buller &
McManus, 1979).
- Determination of sand grain-size distribu-
tionby dry sievinginthesizegrade-20 to4e
Wentworth scale, afterdestruction o organic
matter (H,0,, 130 vol.).

2) - Estimate of sediment organic matter content
(OM) by loss on ignition (450°C and 650°C
during a 24hr period).
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Figurel.-St André Lagoon: February 1985bathymetricsur-
vey.
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- Sediment water content estimation (%H?0)
by 24hr drying at 65°C.

- Evauationd phytopigmentsconcentration
by spectrophotometry after 24 hr, cool extrac-
tionin 90%acetone.

Chlorophyll a (chla) and phaeopigments
(phaeop) concentrations( g/ gdry sediment)were
cal culatedby modified L orenzenequations(Plan-
te-Cuny, 1974).

Abs410 (Abs410nm-~Abs750nm X acet. vol./
weight dry sediment)and Abs430nm/ Abs410nm
(Moss,1967) were cal cul ated.

Toobtain phytopigment values per unit area
(mg/m?) from phytopigment values per weight
(ug/g), asediment specific weight was develo-
ped. Linear regression and correlation analysis
was established between water percentage of
several typesd sediment and itsrespectivesedi-
ment specific weight.

Cluster analysis (Bravais-Pearsoncoefficient
and the single linkage clustenng method) was
used to group parametersand stations.

Inorder tosummanzetheinformation Princi-
pal ComponentsAnalysis(PCA) wasutilized on
the average values o parameters for each sam-
pling point. Data analysis was performed at
L aboratérioMantimo daGuiawith programsby
Andrade(1986). Echo-sounding wasused for the
bathymetry. Transects were taken in February
1985 when water reached maximum level for the
study period.

RESULTS

Annual average depth is 1.78m. Maximum
depth occurred in February 1985-4.02m average
depth-when thebathymetric survey wascarried
out (Fig. 1). A channel, approximately 2m deeper
than therest of thelagoon, istheancient river bed
d anestuary. Thischannel isintensively washed
when thelagoonissubject to tidal action.

From the results d grain-size analysis, the
distribution of lithofacieswas mapped (Fig. 2).
Organicmatter content, chlorophyllaand phaeo-
pigmentsand cumulative curvesd sediment are
also presented in Fig. 2

Average grain-size decreases fromareas in-
fluenced by the sea, near the sand bar, to the
interior, where deposition o finer particlespre-
dominantly takes place (Fonseca, 1985).

Along theannual cycle, thegrain sizemodifi-
cations d the mud stations correspond, almost
exclusively, to the coarser fraction (mainly bio-
clasts).

Energy and transport changesresultin grain-
sizevariationincreased finesor coarsematerial.
These processes are related to the entry o silts
and clays, macrophyte decomposition and com-
munication with the sea.

Cluster analysis discriminates two main
groups o sampling stations - sands and muds.
The composition of each group is considerably
constant when comparing each month analysis.

The same multivanate treatment applied to
parameter monthly data showed a remarkable
persistence of group composition. Duetothisfact
weconsidered the parametersaverage val uesfor
the cluster analysisand the PCA treatment.

Cluster analysis on the averages vaues o
parameters (Fig. 3) shows an inverse correlation
(p<0.05) between sand percentage, 430/410 and
all the other parameters. Chlorophyll a, phaeo-
pigments, Abs410, OM 450, OM 650, and water
percentage are positively correlated with mud
percentage (p<0.001) and with Margalef's index
(p<0.05).

In Axis1 of PCA (Fig. 4) sand percentage
opposes to mud percentage and all the other
associated parameters except 430/410. AXis 2
mainly reflectsthe opposition between 430/410
and phaeopigments.

In Axislseveraldistinct groupsof stationsare
sequentially placed, from sands to muds, with
twointermediatesituations:

- sands(stationsé, 11,12 and 15)
- sand stations changing in timeand becoming

moreor lessmuddy (stations7,9 and 10).
~ muds changing to sandy muds in some pe-
nods(stations1,8 and 14).
muds (stations2, 3, 4, 5, 13) emphasizing the
specific character of 16 and 18, located in the
small lateral baysand so suffenng much less
theeffectsof thespnngwashingprocesswhen
ocean watersenter thelagoon.
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OM 450 and Om 650 are strongly correlated
(p<0.001) suggesting asimilar distributiond the
factors responsible for differences at the two
temperatures (e.g. carbonates). Organic matter is
generally high especially inrnudsediments. There
isastrongcorrelation (p<0.001) between OM and
rnud %.

Aswith organic matter, sediment water con-
tent followsthegrain-sizevariation, being positi-
vely correlated (p<0.001) with rnud % and nega-
tively (p<0.001) with sand %.

The regression line between sediment water
content (13%-83%)and its dry specific weight
(DSW) isexpressed by:

DSV = -0023x %H,0 + 2043
(n=12,r*=0.99)

Phytopigments, bothchlorophill aand phaeo-
pigments, are present in larger concentration in
mudsthaninsands. Averageva uesfor sandsare
52.6 mg/m?chl aand 126.8mg/m? phaeopand for
muds 256,6mg/m? and 775,8mg/n?, respectively.

DISCUSSION

Sediment water content, because o itsstrong
correlation (p<0.001) with rnud % and with sand
%, undoubtly represents an effective physical
index. Its value is necessary for phytopigrnents
determinationand was used to obtain phytopig-
ment concentration per unitareafromconcentra-
tion per sediment weight. Providing an excellent
correlation with DSW it makes the diagnosis o
sediment granulometric type possible. Very ea-
sily and rapidly obtainable it is a practical and
useful instrument in sediment characterisation.

Thepositiond 430/410 vector in PCA (Fig. 4),
separated frommud and rel ated parameters, and
the negative correlation between 430/410 and
rnudanditsgroupingwithsandsincluster analy-
sis (Fig. 3), suggests the applicability o thisratio
in the understanding d production-deposition
processes, confirming Moss(1967). Accordingto
thisauthor,430/410 may beconsidered aproduc-
tivityindicator. Insand areasdf St Andrélagoon
thedegradation index islower thanin mudsand

430/410 valuesareclose to 1. For monthly results
o 430/410>1,64% wererecordedinsands,15%in
sandy-muds and 21% in muds. These values
confirmthefact that, when comparing producti-
veprocesses With depositionones, theformer are
relatively more important in sand than in rnud
stations. The ecological meaning d 430/410 ratio
issupposed to be rather similar to Degradation
index or Margalef's index, with 430/410, Moss
(1967) pretended toget achlorophyll/ phaeopig-

Teble 1. Comparisond chl a datain coagtd sediments

LochEwe 3-20ug/g Steele* Baird (1978)'
-sand
YthanEstuary 25-34ug/g Leach(1970)*

- rnud intertidal

South New England 100mg/m?
- mixed, intertidal

Marshalletal (1971)*

Mediterranean 24-64mg/m? Colocoloff(1972)*
-sand, >12m

Chuchi Sea 40-320mg/m? Mathekaé: Horner
- mud and sand, >5m 2974y
WaddenSea 40-440mg/n? Cadéeé Hegeman
-sandy-mud, intertidal a9rry
Lynher Estuary 30-80ug/g Joint(1978)'

- mud, intertidal

EmsDollard Estuary 33-184mg/m? Colijn& Yonge

- mud, intertidal (1984)

LaholmBay 5-75mg/m? Sundback (1986)

-sand & silty sand, >20m

TgoEstuary 130-180mg/m?  Brotas& Catarino
- mud, intertidal (1984)

Bretagne 19.5ug/g Riaux (1982)

- mud, intertidal

Ebrié Lagoon 0.5m: 178mg/m?  Plante-Cuny (1975)
-sand, 5m: 6mg/m?

Nosy-Bé Plante-Cuny(1977b)
-sand (5m) 11.95ug/¢g

- muddysand (5m) 4.99ug/g

St André Lagoon thisstudy

-sand 53.6mg/m, (2.18ug/g) (average
-mud 256,6mg/m, (46.26ug/g) values)

* InColijn& Y onge (1984)



mentsratio. however, nopositivecorrel ationwas
observed between them (Fig. 3).

Thedivisiond sedimentsin rich organic and
productivemudsand clean,less productivesands
seemstosupportanutrientlimitationhypothesis
for this | ast case, asSundback (1986)also suggest.

Average phytopigment concentration -182.9
mg/m? chl a, 535.3mg/m? phaeop is conside-
rably larger than in thewater column -27.6mg/
m? chl a,15.5mg/m? phaeop (unpublisheddata).
In coastal lagoons, unlikelakes, processesat the
sediment level are moreimportant than thosein
thewater column. Sedimentisanutrient deposit
d upmost importance and much o the systems
productivity relieson microphytobenthosbased
food-chains. Thehigh sediment productivityina
shallow lagoon suchasS Andréisan essential
part d theproductiond thesystemasawhole.

Average phaeopigment concentration d the
sediment isthreetimeslarger than chl a. Phaeo-
pigment concentration dependson phytopl ank-
tonsinking, macrophytedecomposition, perphy-
ton and microphytobenthos. An accumulation
processisobserved along theannual cycle(Can-
cdadaFonsecad d, in litt).

RESUMEN

In Spring, superficial sedimentiswashed out,
at firstby thelagoonwater dischargeand after by
tides. Consequently therei sadecrease in phyto-
pigment concentrations. Once the lagoon sedls
off, pigrnent values are approximately hdf the
previousones(Cancelada Fonseca, et d, in litt.).
Theeffectis particularly noticeablefor sands as
most o the sand areais located in the lagoon
channel.

Thereisnot muchdataon sedi ment phytopig-
mentsd coastal lagoons. Most o the literature
concernsopen systems such asestuaries. Tablel
presents data on open and closed, marine or
brackish, environrnents. Santo Andréchloropyll
ahasamong the highest concentrations.
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LAGUNA DE SANTO ANDRE (5.0. PORTUGAL): FITOPIGMENTOS DEL SEDIMENTO COMO
MARCADORES

Durantelosultimosanos, el estudiodelaclorofilay susderivadosend sedimentohavenidosiendocadavez méas
utilizado para entender la produccién delos sedimentos. St. André esunalaguna costerade agua salobrecongran
cantidad de materia organica en el sedimento superficial. En este trabajo se analizan los datos de fitopigmentos,
materiaorganica (determinadapor combustién), contenido de agua y granulometria del sedimento. Dos zonasde
distinta productividad han resultado muy relacionadas con los principal estipos de sedimentos: arenasy fangos.

Losfeopigmentosresultaron muy correl acionadoscon la materiaorganicaconfirmandosu origen vegetal. Los
sedi mentosfangosos presentan unaconcentraci Gn mayor de pigmentos, perotambiénenlazonaarenosa predomina
la produccién sobrelos procesosde sedimentacion.
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