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INTRODUCTION

As part of the Unesco programme for the research and development
of the coastal systems and as a contribution to the Nan and the
Blosphere Programme, the seminar was an laportant step of the pro~
grammo devoted to the coastal lagoon areas. Sponsored by Unescoy
Divislion of Marine Scilencesy, the Duke University Marine Laboratory
and the International Association for Biological Oceanography
(IABO), the seminar was held at the Duke University Marine Labora-
toryy Beauforty, NeCe, USA, from 29 August to 2 September 1978.

John Ce Costlow, Director of the Duke Marine Laboratory, the
Convenor, opened the Seminar and addressed a welcoming speech to
the particlipantse MNarc Steyaert, repreoesentative of Unesco, intro-
duced the subject matter of the Seminar within the context of the
Unesco programme for the research and development of coastal sys-—
teoms, while Pierre Lasserre, Unesco consultant, led the discussion
for the adoption of the Agenda.

The present guidelines and report are the result of four task
groups composed of the scientists listed in Annex I.

The editing was accomplished by the following :
General Editors: P, Lasserre and He Postma
Edi tors:
Task Group IZ Ge Allen, E. Mandelli and JeP.F. Ziamermann
Task Group II: Ve Krumbein, P. Lasserre and SeWe Nixon
Task Group I11: A. Bentuvia and C.I. Olanyian

Task Group IV: ReN. Parker

Ob.jectlives

The objectives of the seminar were to review the major treonds in
coastal lagoon research, to highlight subject areas and produce
guldelines for future Iinvestigations that the participants
believed to be of primary importance. Four study sessions (2 days)
were dovoted to "present" coastal lagoon research; two other ses~
sions (2 days) focussed on '"future" coastal lagoon resgearche A
last gession wasg devoted to the question of training and educa-
tione.

The seminar was a focal meeting ground for a diversity of sci-
entific problems that are of immediate concern to all who are
interested in the evolutionary history of coastal lagoons and
their role in long term or more immediate economic national needs.



Present cosstal lagoon xresearch

A number of individual papers corcerned with some important
of contemporary research on coastal lagoons were pre-

Although this review of knowledge did not provide a com-—
formations, their

aspects

sented.
plete and comprehensive account of these unique

treatment explored the releowvant fields both Iin broadth and depth,
and constituted the background meterial for _.he task group discus-
slons during the next s2iusionse The papers will be bound to form
Noe 33 in the series of Unesco Technical Papers in Marine Science.
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Ihe future of coasial lagoon research (An outline of research pro-
grammes for regional co-operation)

A thorough examination of the sclentitic problems involved 1in
understanding coastal lagoons and their role in the marine
environment ls necessary in order to plan further and develop
research programmes, bearing in mind in particular the needs of
developing countriese.

Great interest has been shown by the numerous responses
received in reply to the SCOR/Unesco inquiry (Coastal lagoon sur-
veyy noe 31 in +his sgseries), and also by letters expressing inter-
est, The replies to the inquiry suggested that there will be =a
sufficient nucleus of laboratories with a wide geographical spread
to operate a minimum fleld programme. Other laboratories mey be
equipped to deal with narrowly specialized but important (criti-
cal) topics within the general cbjectives of the programmes.

Four groups were formed to study each of the problem areas that
had been pre-selected.

It wag not intended that the seminar would produce a catalogue
of all the relevant problems regarding coastal lagoon researche. It
wags moant lather to serve as a guide for identifying specific
arcas vhen a large scale field programme can be useful and suc—
cessfule Examples wili be given, not as speciflic guldelines for
thoe future, but as samples of the kinds of programmes and surveys
that mey be carried out in the next few yearse.

A central theme of a proposed research programme would be the
study of seasonal variations, and, through international co-opera-
tiony the comparative analysis of spatial variation of totally
functioning lagoon ecosystoms. The study of seasonal variation
was proposed as a bagls for the programme because one of the most
—~ongistent features of events in coastal lagoons 1s a wide range
of geographical variation In the magnitude, regularity and pattern
of these cycles. However even the baslic description of them s
known for only a few locallities in which intensive studies have
been carried oute Seasonal variation 1s relatively slight in many
tropical areasy so one of the main objactives of the research pro-
gramme would be the detection and analysis of the factors which
maintain stability in these areas, compared wlth those which
roesult in maximal variation in temperate and cold latitudese. It
is believed that this epproach would coentribute as a good example
tovards an understanding of controlling mechanisms and limiting
factors affecting eutrophic production and animal colonization.

In general, ¢the research programme should be directed towards
an understanding of totally functioning ecosystems. Particular
attention should be paid to such fields as physicsy, bilogeochemlis—
try, population dynamics, e¢nergetics and physiological ecology
(environmental adaptation).
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GUIDELINES FOR RESEARCH PROGRANMES ON COAITAL LAGOONS

Introducing remarks

The present guidelines for research programmes on ccastal lagoons
are not strictly guidelines as such but rather congtitute a com-
pendium of major topics according to subject areas, to be kept in
mind when studying coastal lagoons. Although they are the results
of the work of Task Groups I, fI and III reported hereafter, for
easy reading and utilization of the report, they have been placed
at the beginning of the text.

PHYSICS (P)
Pel WATER BALANCE — SALINITY - FLUSHING TINME SCALES
¥Yater Balance and Salinity Budget

Salinity

River runoff

Rainfall

Evaporation (including influence of plants)

Ground water fluxes

Elushing time scale - Short term and seasonal varjations (case
study of a particular lagoon with regular freshwater input)

River runoff
Salinity
NMeteorologlical paraume tors

Sea level

Water fluxes through the inlet (by means of moored current
veloclty meters)



Pel HEAT EBALANCE AND TENPERATURE

Temperature cycles
Heat bala:ce equations (less easily obtained)

Complete heat balance of a selected lagoon. This programme 1is
to be combined with the programme on salinity budgets (P.1)

- provides elither flushing time scale of the lagoon with the
sea '

- Cry 1f this 1Is known by other moeans, it provides extra

information to obialin measurements of tne heat balance by
means of the evaporation termse

Pe3 OPTICS (of utmosi. importance with respect to its relation to
primary production)

Completo investigation of the sunlight regime on a lagoon
(urgently needed)

Vertical distribution of solar irradiance

pistribution of suspended matter dead or living and interac—
tions with the seasonal cycle of primary production

Spectral compositior of sunlight under water, abgsorption
spectrum and distribution of substances responsible £or that

spectrum.

-—=> Special attention to be given to shallow lagoons (water
depth from 0 to 2 m)e

-10-
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GEOLOGY (G)

G.l

SUSPENDED SEDIMNENT TRANSPORT AND SEDINENT INFLUX

Determination of spatial and temporally varving rates of fransport
within the legoon and at the landward and seaward interfaces

In lagoons with large tidal influence:

- eoxamine short period variations of tidal events ( semi-di-
urnaly diurnal, fortnightly neap to spring cycle)

In lagoons with large seasonal fluctuations: (meteorological
cycles/fresh water inflow/morphological changes such as inlet
closure).

- make gseasonal repetitive studies to evaluate the effects
of those variations on suspended sediment transport

Meagurements of flux of suspended sediment in and out of the sea-
ward inlets of the lagoons

Gives information on:

= the relative amounts of sgediment entering or escaping
through different inlets

- the vertical distribution of fluxes

- the temporal or seasonal variations in transport intensity

Sampling

Sampling transects established at slack tides give informa-
tion on the spatial distribution of suspended gediment (help
localize zones of intense sedimentological activity within
the lagoon).

Repeatod transects as function of tides, river flow, gseasons
ees (gives intormation on time scale of suspended sediment

transport).

Point measurements of the flux of suspended sediment during a
complete tidal cycle (gives information on relative amounts
of sediment doposlted and eroded at each tide; net direction
of transport; quantitative estimate of transport rates).

Foraminifers used as tracers for roedistributrion or "aixing"
of sediment and flux of sediment into and out of the lagoone



Remark: Programmes P + Co,1 constitute a global study of the
transport system.

Ge2 BEDLOAD TRANSPORT

Sediment gralin size map and analysgsls

Geographical distribution of sediment types within the lagoon
help in localizing bed transporte.

Reglonal grain size gradients indicate directions of net bed-
load transport and estimates of transport intensitye.

Analvsls of bedforms

Bedform type, size and orientation give extensive information
on the direction and rates of sand movement by bedload trans-
porte

Repetitive bedform mapping over spring-neap tidal periods,
storm events, etc osee enable the study of time variation of
bedload transport rates.

Bedding geometry: in intertidal zones, examination of bedding
geometry by trenches indicates the resultant or net direction

of transport in bidirectional tidal systems. In subtidal
zones, box coring can be utilized for this purpose.

Analysis of morohology and morphological evolution.

Systematic mapping and morphological analysis at large scale.

Long term transport rates:

- comparison of hlsgstorical documents (old sea charts, maps,
serial photographs, pilot logs, etc eee) with present
bathymetrye.

- repetitive profiling or surveying in localized areas.
current and wave measurenents (enables quantitative estimates of
bedload transport by applying bedload formulas currently
employed).

If current induced bedload, a precise knowledge of the near

bottom velocity profile and sediment characteristics 1is

-12-



GeJ

required: gives good estimates of directions and relative
rates of bedload transport in different arease.

Longshore drift is evaluated with a falr degree of accuracy
by well established formulas 1f regional bathymetry, sediment
characteristics and wave regime are knowne.

R2mark: e cosprehensive and complete analysis of bedload
transport (rates, direction and time sgcales)
implies: study of the different time scales of
transport fluctuations (semi-diurnal, fortnightly,
seasonal) 1in relation to the major events affecting
the lagoon: tide storm, morphological evolution, etc
cee repetitive studies carried out over a period of
at least 2-4 years. The 4 approaches must be used in
conjunction w’.th one anothere. Avoid relying on the
regsults of merely one of them.

PATTERN OF SEDINENTATION

General: locgation and nature of the sadiment accumulated 4in the

lagoon

Spatial distribution of sediment typee: easlest and most
efficlient way is to do systemetic bottom sediment sampling;
sampling network planned both to cover the entire lagoon and
zones of marked lithological gradientse.

Cores of sediment taken to study the vertical succession of
sediment types, bedding characteristics and bilological activ-
ity in the sedimente.

1f marked seaconal fluctuations due to storms, river inflow
or inlet closure, 1t is necessary to repeat the sediment sam-
pling during each period characteristic of a speciflied envi-
ronmental conditione.

Rates and geometry of sedimentatlion

Analyze rates of sedimentation and erosion in different parts
of the lagoon.

Analyze geometry of sedimentatione.
Measure the rates of sadimentation:

= by direct methods: slow process, wide fluctuations.



- by indirect methods:
repetitive profiling and surveying in localized arease.

Analysis of historical records: chartsy, maps and serial pho—
tographye.

Microfaunal analysis: ratio of living forms to total content
of foraminlfera or other small organisms having preserved
hard parts such as micromolluscse.

Radiocarbon dating 1n corese

Remark: a comprehensive global understanding of the sedimen-—
tology of the lagoon with respect to environmental
energy inputs implies a bottom sampling and sediment
rates analyzed togethexr with data on sediment
sources and transport mechanismse

Ge 4 LONG TERM EVOLUTION IN THE LAGOON MORPHOLOGY

BElstorical analyslis

Old charts, maps, higtorical recordsy; etc esee when dating
back a few centuries, provide qualitative information on the
morphological evolution.

Archeological findings provide information on evolution over
a long time scale.

Sediment siratigraohy
Stratigraphic analysis of the lagoon system during the past

fow 1000 years: by study of sediment sampling seaward of the
lagoon, coupled with borings in the lagoon and the barrier.

Isotope dating on sediment and/or organic constituents in the
borings: glive quantitative datae.

Baleoatological analygls

Foraminifera, and, in some instances, molluscsy i8 in most or
all anclont lagoons the only method for identifying the
deposlits as belonging to lagoonse.

Rema ins of Foraminifera are also useful tracers cf post—depo-
sltional modificationse.



e

G5 REWORKING OF SEDINENTS AND INTERSTITIAL WATER RENEWAL

Determination through ihe seasons

Rate of reworking in the upper docimeters of the depoglte.
Rate of interstitial water renewal.

Concentration of nutrients, metals and man—~made compounds
(eegey chlorinated hydrocarbons)e.

Depth of the oxic upper layer.

-15=-



CHENISTRY (C)

C.l

INFLUXES AND EFFLUXES OF DISSOLVED AND PARTICULATE MNATERIALS

Contribution of materials to the lagoon

Ce2

Discharge of materials into the lagoon by rivers.

Eetimation of the exchange rates of inorganic and organic
materials between the lagoon and the adjacent seae.

Inventory of the emount and quality of substrates introduced
as wastes from human activities.

Estimation of substances introduced by rainfall.

OVERALL CHEMNICAL PROCESSES

Questions:

VYhat are the reservolrs of the elements utilized by lagoon
organiasmsg?

Yhat are the pathways by which the elements may be transfer-—
red betweon the reservoirs?

Vhat ig the relative importance of each pathway?

¥Yater column

Nutrient utilizetion by primary organic producers (planktonic
and benthic plants) considering the spatial and time scalese.

Decomposition of organic matter in the water columne.

Chemical exchange of substances in boundary layers of differ-
ent salinitye.

Chemical alteration of substances iIn boundary layers of dif-
foerent salinitye.

Chemical transformation under anoxic conditions.

Choemical precipitation, floculation and aggregation of sus-
pended particles, with absorption and desorption of dissolved

substancese.

-16-
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Sediments

Understanding of chemical and bilochemical processes: digtri-
butlon in sedinent cores of redox potentlal, organic carbon,

organic nitrogen.
Information on the source of organic matter accumulated in
the sediments; notably in detecting changes in the input of

organic matter from the different sources into the lagoon, by
studying variations of the stable carbon isotopic ratio in

sediment corese.

Interfaces

Alr~water interface
- exchange level of O; and CO, in space and timee.

- accumulation and concentration of dissolved and suspended
matter in surface films.

Vater—sediment interface

- regeneration of nutrients: Jin situ and laboratory experi-
mente using radioactive tracers (32P and 15N)

= mobpllization of interstitial waters to the overlying water

column.

CeJ PRIORITIES OF RESEARCH 1IN CHENISTRY FOR THE RESPONSIBLE
MANAGEMENT OF LAGOON RESQURCES

Eutrophication and anutrient budget

Metabolism

Chemical assessment of decomposition rate of organic matter
within the wvater column and in the sediment (no appropriate

method for the moment).

Determination of organic productjon rate (well established
moethods )e

~-17~



Mobilization and circulation of nutrient and of potentially toxic
metals and pollutapnts

Qualitative processes may be enhanced by chemical desorption
and & variety of biological processes (metabolic activity,

bioturbation).

Quantitative data on reservoir sizes and transfer between
reservoirse.

Mixing and exchange processes in the lagoons.

Particular composition of the water sources entering the
lagoon, utilization of dissolved conservative materials, such
as changes in the total alkelinity of the water can be used

for that purpose.

e s
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BIOLOGY (B) Ecosystem analysis

Firat step: Define the system boundaries:
Flux of materials acrogss the boundaries is small relative to
the cycling of materials within the systeme.
Upland watershed and ocean boundaries to be 1included in the
system boundarye

Bel SYSTEM MNAPPING

Lagoon and wetershed morphology

Lagoon bathymetry, watershed topography

Distribution of major sediment types in the lagoon

Distribution of major bottom community types in the lagoon
Distribution of major soil types in the watershed

Land use in the watershed

B2 DEFINITION OF SUBSYSTENM

Aroas set off by distinct water circulation patterns (ee.gey coves
and bays, channels with the lagoon).

Aroas with distinct biological characteristics (eegey wmacrophyte

bedsy, sand or mud flats, marshes, mangroves, froee waters, oyster
reeofs).

Bed SPATIAL AND TEMPORAL VARIABILITY (Frequency: at least one
sampling station shall be made in each major ebb system in the

lagoon)e.
Biomass estimates monthly over one annual cycle

Benthos

Major macrophytes in the lagoon and in surrounding marshese.



Erimary productivity
Chlorophyll, a measurement weekly

= 1in surface and bottom water
= 1Iin surface (top 1 cm) sediments

Particulate carbon and nitrogen

Bloom examined visuelly to determine major groups

Zooplankton hiomass biveekly over the annual cvcle

Peak period examined visually to determine major groups

Replicate or oblique or vertical hauls should be used and
occasional night samples taken.

MaJjor nutrients (NH3zy NO3y; PO4y DOPy Si(OH)4y perhaps DON)
= in surface end bottom water over the annual cycle

= salinity (to * 0.1 parts per thousand) and temperature (to
+ 0.19C)e

Ma.or shellfish specles-blomass estimates slze and reproductive
atate

Ms.jor finfish-slzes age structure and reproductive state as a rep-
regentative sub-sample of the population

Routine weekly or bi-weekly seiney, gill net or trawl samples
can pinpoint <the migration time of major specles, as can
local commercial catche Local knowledge of the lagoon as pos—
sible may be worth effort to estimate population sizes of
fish and other mobile animals in the lagoon using marks and

recapture techniques.

Susgpended gediment measured biweekly in the rivers as periodically
over iidal cvcles in the lagoon

Good aerial photographs and satellite data may be useful.

Particular attention should be pald to:

Storm events, strong winds, high river dischargey etCe esee¢ to
moasure their effects on nutrient levels, suspended sediment,

detrital inputs, etc.

-20-
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Bed PRYSICAL FORCING FUNCTIONS

Tide gauges (or at least tide staffs) should be inatalled:

near the breakway and near the extremes of the lagoone.

Baslc meteorological data should be collected:

on a routine basis for correlation with hydrographic and eco-
logical data - wind and rainfall are important as site spe-
cific parameters; atmospheric pressure, alr temperature and
solar radiation may be available from nearby stations.

Eresh water lnputs should be gauged and gauge inputs determined

Estimates of freshwater sheet floor and runoff on surrounding

lands using small welrs:

eventually estimates of ground water flow, drilling of a num~—
ber of small wells around the lagoon.

Estimate of the flushing rate under different condil tions; of

freshwater inputs, wind and tide (first order task).

Gas exchange estimate for oxygen (and perhaps CO:):

at the alr-water surface under various conditions of wind and
tide (80 that oxygen changes can be used for metabolic esti-~
mates in the lagoon: floating dome method best used)e.

Be5 METABOLISM AND NUTRIENT CYCLING

Total metabolic balance estimated hiweekly over tha annual cvcle

It flushing absent or minimal: free water diurnal curve
method 1s <the best way to measure tidal energy balance
(autrotrophic ve. heterotrophic) in the system (oxygen diffu-
slion can be corrected by using the gas exchange data, Bsee gas
exchange estimate for Oz, above).

Detailed partitioning of metabolic activity:

- plankton metabolism of the water column using O change
(and/or 14C for production).

- macrophyte (including seaweeds) metabollism best measured
over long periods, using growth increments.

-21-



= benthic metabolism measured biweekly or monthly using in
8ltu bell jars In large cores taken from the bottom and
brought into laboratorye.

- nutrient fluxes from the sediments to the water column and
vice versa, measured simultaneouslye.

= COz fluxes at the gsediment-wator interface measured wilth
pH meter (0.001 unit).

- measuring production by benthic micro—-algae notably using
14c.

= nutrient content variations - oxygen production -~ oxygen
consumption - 14C uptake in the water column.

- Jinputs of the organic matter from marshes and mangroves
difficult to measure but should receive attention.

Material budgets for the lagoon

Does the lagoon import or export nutrients or organic matter?
(primary production)e.

How much of the primary production 1s supported by:

- Jinternal nutrient recycling?
- new inputs of nutrient?

Vhat fraction of solar energy 1s being incorporated 1into
organic matter?

WVhat percentage of primary production 1s being incorporated
into animal tissue?

Vhat percentage of the organic matter is being exported as
detritus or as migrating animals?

How much ig buried in the sediments (require knowledge of the
lagoon sediment budget and sedimentation rate)?

Determine bathymetry changes, radloactive 1isotope profile,
sedimentation rate curve or sediment budget.

Motabollc stiudlies on groups of organismas and energy bhudgets

Oxygen consumption

-2
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macrofauna:l total respiration of macrofauna computed from
biomass and known relationship between respiration estima-
tiony blomassy, and i1f possible tempeorature.

meiofaunay microfauna (ee.ge cilliates) and microflora:
total respiration estimated from biomass and respiration
rates using sultable micromethods (notably cartesian diver
regpirometer)e.

bacteria: the bacterial respiration can be estimated indi-~-
rectly by difference between total respiration rates of
water and/or sediment (bell jars or sediment tubes) and
the sum macrofauna + meio + microfauna + microflora (esti-
mated)e.

Anaerobic metabolism

facultative and true anaerobes whose respiration must be
estimated by means other than oxygen consumption such as
direct calorimetry (eegey flow microcalorimetry applied to
microblal and meiofaunal processes).

Ingestion and assimilation of food

radicactivity labelled food: 1labelling of particulate
organic matter (ee.gey detritus) by inccrporation of radio-
isotopes, s0 that 1its nutritional wvelue may be investi-
gatede For such methods, 1t is necessary toc determine the
role of bacteria and other microbiotay, s8such as diatoms,
which may be selectively consumed by some or all metazoan
and protozoane

aseimilation of dissolved organic molecules: metazoan and
proto:oan organisms and certalinly bacteria can take up
dissolved organic molecules (sugars, amino acids). This
approcach needs more experimental worke.

With ald of these techniques, in additlon to data on respira-
tion rates, welght growth and reproduction rates, valuable
information will be obtalined on daily energy budgets.

PHYSIOLOGICAL ECOLOGY

Ecophyvalological adaptation of microflora, ciliates and meiazoans
(planktonic/meiobenthic/microbenthic).

Motabolic compensations: represent the possibility for organ—
isms to exhibit similar metabolic rates under widely differ-

environmental factors (temperature, oxygen tension,



salinity, etce ees Jo This approach needs sophisticated
techniques (microrespirometers, microcalorimeters notably).

Influence of body size and metabolic levels: the possibility
of subdividing microflora, zooplanktonic and melobenthic
species Into groups of gspeclies prosenting different rates of
oxygen consumption, provides estimulating perspectives. The
techniques are complex (see point above) and time consuminge

Growth and production
Bacteria: estimates of micro-organisms productlion carried out

by different techniques glve largely different resultse.
Estimates of growth and production gained from laboratory

culturese.

Melofauna and microfauna: may be very active in energy flow.
There 1s a significant relationship between production and
resplration. Estimates from laboratory cultures.

Macrofauna: estimates of growth and production can be galned
from in sltu end laboratory studies.

Ecophyslological adaptation of macrofauna:’ (including exploited
organisms - algae, fish, molluscs, crustaceans) homeostatic capa-
bilities and stress effecte.

Survey of the principal environmental parameters and their
apparent effects oxa the distribution of the specles:

- salinity

- 3ons (mainly Na¥, Cl=;, Ca2% and thelr ratios in natural
waters of varying salinity)

- oxygen tension: effect of oxygen depletion.
Nultiple factor effects and survival testse.

Patterns of osmoregulation and differential penetration 1in
the lagoone

= chemlcal determinations on plasma and other internal
milicou samplese.

total osmolality (osmometer)

electrolytes: Nat, k' (flame photometer), CL™ (chlo-
rimeter)e.
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Be7

Such determination will be made on samples taken in the field
and on experimentally adapted organisms to different salini-
ties and temperatures (short— and long-term adaptation).

Participation of physiological and biochemical mechanisms 1in
osmoregulatory responses, such ag:?

= ATPasgse activity iIn differont organ responses of euryaline
gpecilese In amphialine fish, the sodium—potassium ATPase
ectivity in branch al chloride cells 1s involved 1n some
migretory pattern (seaward migration generally).

- «changes in the free amino~aclid content, and 1ts relation
to an isosmotic intracellular/regulatory mechanism (pres-
ent in several crustaceans and some amphialine fishes).

- levels of circulating hormones (prolactin, cortison and

other steroids)e.

EXPERINENTAL ECOSYSTEM STUDIES

Experimental field plot

Be 8

Effect of fishes predations on bottom communities: using
cages of varying mesh size to exclude different sized preda-

torg from the bottome

Small replicate lagoon microcosms in tanks on land in which
natural lagoon sgediments are placed along with varylng densi-—
ties of predatorse.

This approach teaches us about:

- <the dynamics of the natural system

= <the probable response to future perturbations such as

salinity regime and nutrient addition.

FIRST ORDER TASK TO STUDY A LAGOON ECOSYSTEMN

I = OXYGEN CONCENTRATION AND CHANGE IN OXYGEN CONCENTRATION:

(see

B 5)

- physlological limits for many aerobic species
= rates of photosynthesis and respliration
- contribution of other environments ¢to the food webs of

lagoons
- conditlions for many chemical transformations



Oxygen must be sampled over space and time:

- sample over 24h at 3h intervals at selected stations
— throughout the lagoon at biweekly intervals over a year.

Methods:

- free—water O, methods can be used where water exchange 1s
low to measure photosynthesis and respiration

- planktonic and benthic contribution can be galned from
light—-dark bottle methods and benthic chambere.

I1 - POPULATION DYNANMICS (see B J)e.

ITI — ADAPTATION OF NAJOR SPECIES (see B 6).
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TASK GROUP REPORTS

TASK GROUP I — PHYSICS - GEOLOGY - CHEMISTRY

CONIENTIS

INTRODUCTION: ENVIRONMENTAL CHARACTERISTICS

PHYSICS
Specific features

Water balance, salinity, flushing time scale
Heat balance and temperature
Optics

Outline of research programmes in physics

Vater balance, salinity, flushing time scale
Heat balance and tempercture

Optics

GEOLOGY

Specitic features

Sediment influx and sediment transport processes
- Sediment influx
ITransport

- Suspended sediment transport
= Bedload transport

Pattorns of sedimentation
Longterm evolution in the lagoon morphology

Roworking of sediments and interstitial water renewal
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Quiline of research programmes in Geology
Sediment influx and sediment transport processes
Bedload transport

- Sedimont grain size mep and analysls

- Analysis of bedforms

= Analysis of morphology and morphological evolution
- Current and wave measurements

Pattorns of sedimentation

- Spatlial distribution of sediment types
- Rates and geometry of sedimentation

Longterm evolution in the lagoon morphology
- Historical analyslis
- Sediment stratigraphy

- Paleontological analysis

Reworking of sediments and interstitial water renewal

CHEMISTRY
Speciftic features

Influxes and effluxes of materials
Overall chemical processes
- Water column

- Intertfaces
- Sediments

Qutline of research programmes in chemistry
Eutrophication

Decomposition of organic matter

Nutrient elements

Mixing and exchange processesSe
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TASK GROUP I: PHYSICS - GEOLOGY - CHEMISTRY

Introduction: Environmental Characteristics

The first part of this study is concerned with the physical, geo-
loglcal and chumical aspects of lagoon reseurche It is stressged
that there is a very wide spectrum of lagoon—type environments
withy on the one hand, lagoons with very 1little water exchange
with the oceany influenced chiefly by the adjacent draining basin,
and on the other hand, those with & wide connection with the open
sea and without much continental influence. Special attention is
also glven to seacsonal and non-seasonal varietion.

The physical sectlion stresses the importance of determining the
rates of flushing, not only in the concept of transit times of
river water, but also from the point of view of the residence
times of various water masses. It also discusses the light regime

and the heat balance.

The geological part discusses sediment influx, sediment trans-
port processes and patterns of sedimentations A clear distinction
is made batweoen transport of sand and other coarse grained mater-—
ialy which malnly proceads as bedload transporty, and that of fine
grained mattery, which takes place chiefly in suspensione Atten-
tion is also focussed on materials such as shells and evaporites
formed inside lagoons, which become part of the sediment assem-—
blagey, and on long-term evolution.

A discugsion on influxes, effluxes and reservoirs of dissolved
and particulate materials in coastal lagoons, and how the fate of
these materials are dependent on the biological, chemical and
physical factors form an introduction to the chemical section.
Follows an overall description of <the chemical processes in the
water column, in the sediments and at the interfaces. The question
of eutrophication 1s touched upony, as well as that of the intro-
duction of pollutantse.

In every section recommendations are made for future research
and on the necesgssity of integrated studiese



PHYSICS
Specific features

Water balance — salinity - flushing time scale

The total water volume of the lagoon is determined by the varlous

fluxes from the continent, the sea and the atmosphere =~ 1e¢0e
runoff and ground water flowy, sea water flow through the inlets,
evaporation and precipitation. These fluxes should be known, at

least in order of magnltude to see whether or not some of them may
be neglected. Intimately connected wlth these water fluxes is the
overall gallinity pattern. Salt is8 brought in from the sea and
diluted with freshwater runoff and/or rainfall, 8o as to decrease
the salinity of the lagoon as compared with that of the adjacent
seay or in hypersaline environments, evaporatlon may increase the
salinitye. If the fluxes maintain for a certain time interval a
(quasi) stationary state of the salinity distribution in the
lagoony either the excess of the lagoon salinity as compared with
the sea or the deficlit, may be used to compute a flushing time
scale of the lagoon if the dominant flux producing the excess or
deficit is well knowne The latter will be easily achieved in
those cases where only a small number of rivers are decreasing the
salinity of the lagoon. In cases of rainfall, evaporation or
ground water flow dominate, the method may not do well because of
great uncerteinties in the relevant fluxes. Although salinity
survey should always be recommended as a relatively easy method to
estimate a flushing time scale, the particular situation in a
lagoon may often not allow the use of this procedure. In such
casesy, the following more expensive and/or difficult methods may
dos

ae Non—conservative tracers. These are dissolved substances
which are either produced or consumed in the lagoon. If thelir
production or consumption rate is known and their overall distri-
hution i3 estimated by a survey, the ratio of total content in the
lagoon and production or consumption rate gives a flushing time
scales If the latter rate is not known, but the total content has
been obtained by a survey of the lagoony, a flushing time scale may
be calculated by measuring the flux of the constituent through the
coastal inlete Again, the ratio of the total content and the flux
glves the desired time scalee. In some casesy ¢ lssolved reactive
silicate has been ured with success. The estimation of the flux
through the inlet requires the measurement of gubstances concen-—
tration and current velocity over as many polnts 1in the inlet
crogas—-section as is practically possible. Use of only one point of
measurement in the cross—section may produce appreciable errors.

be Artificlal dye—tracers may somoetimes be used to estimate

the diffusion of s dye patch giving a representative diffusion
cowfficienty, which under many assumptions may be translated in a



flushing—-time scale of the lagoon. The method 1is, however, not
roecommendoed for this purpose.

Ce Estimation of the flushing—-time sgcale from moored current
velocity measurements is a difficult taske It may work well in
cases where the transport pattern is purely advective (more or
less steady currents), provided that the current meter network is
sufficlently extensive 1in spacees In cases where the transport has
a large diffusive component, the egtimation of a representative
diffusion coefficlent is required to estimate <the flushing-time
scale. Estimation of a diffusion coefficient from moored current
velocity measurements is a tricky and hard task not to be recom-
mended as part of a more gonerQl survey programme for coastal

lagoonse

de Numerical modelling of the transport processes in a lagoon
will certainly provide an insight in the flushing of the lagoon,
provided of course that the model does sufficiently reproduce the
situation in the field. This requires an optimalization of the
different transport parameterse This can only be achlieved by car—
rying out an extensive survey programme in the fiolde It should,
therefore, never be recommended to uge numerical wmodels without
calibrating them against measurements in +the lagoon itgelf. The
latter may directly supply the overall flushing rate of the
lagoone Therefore, the numerical model should be looked at as a
refinoment of insight in the transport processes once thelr over—
all effect is alreacdy knowne

Heat balance and temperature

The annual, daily or tidal temperature cycle of a~ lagoon can be
easily estimated either by simple continuous recording of tempera~-
ture at one or more fixed positions or by surveying ( together with
other parameters like salinity, suspended matter and so on)e. The
different temperature cycles in the lagoon have amplitudes that
depend on their periods relative to the time s8scale of thermal
inertia of the lagoon (primarily a function of its mean depth) and
on the latter time scale relative to the time scale of flushing
with sea water. In areas having extensive tidal flats which fall
dry during the tidal cycle the interaction between the solar radi-
ation and the semidiurnal tide gives rise to a beat 1in the daily

moan temperature with a period of about 15 dayse. Apart from the
tomperature cycles <themselvesy; the actual heat fluxes are much
loss easily estimated. However, a detalled knowledge of the

balance is often not necessary for ecological purposes, except in
casoes where evaporation should be accurately knowne

Optlics

The general properties of the sunlight regime in coastal lagoons
are,; of course, of utmost importance with respect to primary pro-~



ductione. Simple underwater radiation measurements or Se: disc
depths should provide a first insight 11into the depth of the
euphotic zone. In many lagoons, this depth is determined by the
amount of suspended matter present, either inorganic or organice.
In the latter cease, the interaction between the light regime and
the living organic material 1t produces may provide a feedback
mechanlism for primary productione. More difficult to measure 1is
the spectral composition of sunlight in lagoon waters, of which
much is unknowne. Strong absorption of blue parts of the spectrum
by yellow substance may cause a large shift of the spectra from
blue to green or yellow.

Outline of research programmes in physics

The survey glven above may provide a simple scheme to set up a
programme of physical investigations for ecological purposes in

coastal lagoons. However, there are still a lot of physical pro-
cessaes that need further {or even first) investigation from the
more fundamental point of viewe Some of them which come to mind

are listed in the following paragraphse.
Water balance — salinity - flushing time scales

As salinity provides such a simple means to estimate the flushing
intenslity, it should be recommended to investigate in more detail
those situations in which the (fresh) water fluxes are of a more
difficult character than a simple river-runoff which is easily
measgurede. Attention should, therefore, be focussed on methods
providing rainfall, evaporation (see Heat balance and temperature,
below) and ground water fluxes. As to the flushing time scales
themselves, knowledge of thelir variation 1in time is urgently
needede An extensive survey programme in a well chosen lagoon
having a regular freshwater 1input should be carried out for at
loast some years to get insight into seasonal, or more rapidly
varylingy effects on 1ts flushinge. Togother with the runoff and
the salinity, moteorological parameters and sea-level should be
recorded and preferably also the water fluxes through the inlet by
means of moored current velocity meters.

Heat balance and temporature

Vhereoas temperature cycles may be oasily estimated, it 18 muech
more difficult to obtain the different terms of +the heat balance
equation of a lagoons A meteorological research programme should
be set up to investigate the complete heat balance of =a lagoone
Such a programme should preferably be carried out in a hypersaline
environmente. In that case, the heat balance together with a salin-
ity survey may provide either the flushing time scale of the
lagoon with sea water, or, knowing the latter by other means, 1t
may provide extra information to obtain the difficult closing of
the heat balance by means of the evaporation terme As to the lat-



tery, the influence of plants (evapotransgiration) on the salinity
budget of the lagoon should not be overlooked.

Optics

A complete investigation of the sunlight regime in coastal lagoons
i1s urgently needede. It should be concerned with the vertical dis-
tribution of solar irradiance in connection with the distribution
of suspended matter either dead or living and with the interaction
of the latter during the (seasonal) cycle(s) of primary oroduc-
tione Noreover, the spectral composition of sunlight under water
should be investigated together with the absorption spectrum and
the distribution of the substances regponsible for that spectrume.
Speclal attention should be given to those parts of <the lagoon
where the euphotic depth 1s greater than the actual water depthe
Sunlight touches the bottom 1in that case forming a speclfic
environment for benthic primary producerse.
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GEOLOGY

Speclfic features

Sediment influx and sediment iransport processes
Sediment influx

Sediment accumulating in a lagoon (and bordering marshes, and
tidal flats)s is derived from a variety of local sources.

The source of lagoon sediments needs to be established in order to
evaluate the overall sediment budget and to determine the rates of
dispersal between sediment sources and sinks (gsites of deposi-
tion)e. If deposition is a practical problem, such as in shoaling
or shipping channels, knowing the gsource of shoaling sediment may
contribute to alleviating the problem.

Sediment ig dorived from (1) egxternal sources, both landward and
seawvardy; (2) internal sources from organic production and precipi-
tation within the lagoon or erosion of margins.

External sources include:

sediment from erosion of the upland watershed delivered by
streams and rivers,

sediment from upland slopes delivered by sheet-flooding and
surface runoff,

sediment from the barrier island delivered by wind or wash-
overs during storms,

sediment from the shelf and nearshore bottom delivered by
longshore currents and tidal currents through the inlets.

Internal gsources include:

sediment from production of organisms in the form of shells,
testa, grass, reef debris, etce,

sediment derived from lagoon water by precipitation or chemi-
cal roeactions,

sediment derived from erosion of lagoon banks and shores,
sediment derived from manmade wastes.
The relative importance of these varied sources depends on the
rate of supply which in turn depends on the availability of eroda-
ble sediment and the rate at which it is transported into the

lagoone



Routes of supply are affected by land use and modifications of
man that tend to either (1) reduce supply by stabilization (vege~—
tative or paving) or (2) increase the supply by mobilizing sedi-
ment through mining, cultivation, land clearing, etce Both the
rates and routes of supply are modified by engineering works as
damsy Jjottiesy river diversions, etce

Sources of sediment are revealed by (1) examination of the sed-
iment mineral and blological composition; and (2) by observation
of active transport routes and related directional indicators such
as minor structures and grain size changes with distance from the

SOUrcee.

Problems of identifying sources arise from the large fluctua-
tions in supply, first from one sourcey; or direction, and then
from anothere Fluctuations arise from large temporal variations
whereby the bulk of sediment from a single source may be delivered
during short periods of storms. Sources best understood, and most
easlly measured, are river inputse. Erosion of lagoon shores 1is
often readily discerned from charts and aerial photographs.
Except for blological skeletal sediment produced in the lagoon
itself, other sources are less discernible and rates of supply are
unknowne Tracers and contaminants offer a promising approach to
identifying sediment sources and rates of supplye.

Transport

Sedimoent can be transported by one of two mechanisms: suspension
and bedload. Each of them is related to different types of sodi-
ment and hydrodynamic phenocmena, and hence will be treated sepa—
ratelye.

Suspended sediment transport

The distribution of suspended sediment in a lagoon develops three
distinect patterns: (1) a broad horizontal gradient of increasing
concentration with distance inward from the sea {(and toward the
river sources); (2) a localized concentration or maximum near the
head of the intrusion of salt water; (3) an increase in concentra-
tion with depthe These patterns result from wave and tidal current
energy that transport sediment in suspension, and depend on grain
size and density of the sediment and the patterns of clrculation
that tend to either disperse or to accumulate sediment.

The broad horizontal gradioent develops 1in tidal flat lagoons
probably as a result of the decrease in average and maximum tidal
current velocity with digtances inward from the inlete. NMoreover,
the ebb and flood velocity curves, which develop an inwvard asgsyme~
tryy provide an inwvard transport in arcas whore the average water
depth is greoator at low tide than at high tide. -
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Inwvard transport of fine gralned suspended material also
results when the erosion veloclty is considerably greater than the
depogsltion velocitys that is, the minimum current velocity needed
to pick up the material exceeds the minimum velocity necessary to
keep it in sugspensione. Continued resuspension of fine grained
sediment by tidal currents from the lagoon flood creates vertical
gradioent of suspended sediment with increasing concentrations near

the bed, the local sediment sourcee. Re—suspension may releace
stored material into overlying water and exchange constituents
with the watere. Wind waves generated within the lagoon or ocean

waves that penetrate the lagoon through the inlet are effective in
resuspending bed sediment, mixing 1t into overlying water and
transporting it when a mass transport of water develops. In some
large lagoons having long fetch, a wind set—up may support a drift
along the lagoon margins and thus trangport suspended sediment to
far corners of the lagoon where it can deposit 1n low energy

environmentse.

Density differences caused by river inflow into a lagoon cre-
ates an estuarine type of circulation whereby river inflow con-—
verges with salty lagoon water near the bottom. This acts as a
dynamic barrior for river~borne susponded sediment trangported
landward while sediment carried in <the landward flow from the
lagoon entrance or lagoon itself may also become trapped in the
zones This gives rise to suspended concentrations thet are higher
in the convergence than in source river and as lagoon water; a
feature called "turbidity maximum™. As a result of these trans-—
ports, lagoon sediments are often moved, reworked and redistri-
buted internally prior to final depositione.

Bedload tranesport

Bedload transport, contrary to suspension, occurs on or near the
sediment-water interface, and usually involves sand to pebble size
granular sediments The energy for this transport comes from the
shear stress generated by vertical veloclty gradients 1in flowing
watery, active on the sediment surface. This force 1s transmi tted
to the individual sediment grains mainly by the numerous and
repeated collisions between the individual particles colliding in
the near bed zone of transporte

The intensity of the transport, as well as the maximum size of
the particles +transported is a direct function of the fluid bed
sheary hence of the velocity of the flowe Generally, this mecha~-
nism 1s important in lagoons with large tidal ranges, with fre-
quent and intensive waves, or subJect to high velocity river flow,

and with an abundant source of sande. Bedload transport occurs
mainly in and about the seaward inlets of the lagoony, and in the
channels, and can bring sbout large movements of sand. In time,

these movenents can cause considerable changes in the morphology
of the lagoon, in particular the location and bathymetry of the

channel and bar systems.



Bedload transport i3 not e continuous phenomenon, but 1s linked
to perlods of particularly strong current or wave activity. Hence,
the process will of ten occur as infrequent bursts, or pulses, of
intensive sediment transport, separated by quiescent peéeriodse.
These impulses of intenslive sediment transport can create impor-
tant morphological changes, such as the closgsure of inlets in bar-
rier islandse These modifications can,y, in turn, profoundly modify
the circulation and hydrologlc regime of a lagoon.

The transport of sand by bedload 1is always materialized by the
formation of various bedformse. The geomotry (ripples to anti-
dunes) eand size of the bedform is a function of sgsediment grain
sizey, water depthy, and transport intensity.

Patterns of sedimentation

Among the more important aspects of lagoon geology that must be
studied are the location, and nature of the sediment sinks in the
lagoon. Since the nature of the bottom sediments, and the rates
of deposition control to a large extent the benthic biological
communities of the lagoon, it 1s egssential to have a clear under-—
standing of where and hov sediments accumulate in the lagoon, and
erodo, when and at what rate. If a pollutant is d¢ischarged into
the lagoony, a certain amount of polluting substance {metals,
PCB'sy etces) will probably be absorbed on the sediment. Evaluation
of the impact of the pollutant will therefore require knowledge of
the sedimentary sinks in the lagoon, as well as the sources and
pathways of transport ( treated in previous chapters),

It 1s recommended that the research and study effort be aimed
at obtaining:

spatial distribution of bottom sediment type.
rate and geome try of sedimentation and erosione.

Both of these phenomena are highly variable in space and time,
in relation to variations in sediment influx, transport, barrier
morphologyy etcey and are controlled by the transport mechanisms
which were discussed in the previous chaptere.

Long-term evolution in the lagoon morphology

Probably no lagoon in the world is in a long-term steady state
equilibriume Rising sea level, tectonic movement, sediment
influx, morphological evolution all act +to make lagoons highly
evolutive systems, undergoing long—term evolution, visible on a
100 to 1000 year time scale.

Generally speaking, lagoons can be considered as positive sedl~—
ment sinksy, with more sediment coming into the lagoon than escap-



ing ite The various sources and mechanisms of sediment and its
transport have been discussed in the previous paragraphse. Unless
scme other factors intervene, such as sea level risge, or tectonic
subslidencey lagoons will eventually f£fill up with sediment, and
evolve from a subtidal aquatic environment to a supertidal
environment only intermittently submerged by water. On most of the
coasts of the world which are not affected by tectonic activity,
the major effect controlling the long—term evolution is the rela-
tive balance between the present day sea level rise (which is on
the order of a few cm a century) and sedimentation (which 13 a
function of influx and energy)e. Generally speaking, outside of
zones of massive fluvial sediment influx, most lagoon coasts are
being transgressed by sea level rise. It appears 1in many cases
that the very existence of barrier 1island lagoons is related to
the rise of sea level, which has been occuring for the past
18-20,000 years, and that the lagoons on today's coasts are very
youngy in the order of a few 1000 yearse.

This transgressive movement tends to cause a landward migration
on lagoon barriers, over the lagoon sediments. This appears to be
the case in the lagoons of the east coast of the USe. I this
migration is not accompanied by a concomittant influx of sediment
on the seaward slde of the barrier, the lagoon will probably not
be preserved (partially or totally) in the geological record. At
the same time that this landward migration of the barrier occurs,
some lagoons can fill with tidal flat and marsh sedimentation,
ie0esy with the landwerd edge of the lagoon prograding seawarde.

If there is abundant sand on the continental shelf in the near
shore zoney, it ig expected that the lagoon barrier may grow upward
and seaward with rising sea levele. This will have no appreciable
effect on the filling of the lagoon which may be rapide. These
long—term movements can profoundly modify the physical and chemi-
cal environment of a lagoon, and hence the ecosystems would also
be subjected to long—term evolutive trends.

Reworking of sediments and lnterstitial water renewal

In shallow water bodies such as lagoons, processes Iin the sedi—
monts and exchange between the sediments and the overlying water
play a dominant role in the blogeochemical cycles. Basic charac—-
toristics which should be measured are rate and depth of sediment
reworking, and rate of renewal of interstitial water. The first
1s determined by bloturbation, erosion and deposition; the second
is influencedy in addition, by porositys, molecular diffusion, eva-
poration and hydrodynamic forcese On intertidal flats, moreover,
residual water movements in the bottom may be important.

The residence time of interstitial wator can be determined, for

exampley by measuring the time lag botween concentration changes
of salinity or another conservative property in the sediments and
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in the water column. The exchange rates may show large seasonal
variations and are often much higher in tidal lagoon deposits than
in non—tidal or deep water deposi ts. Not withstanding high
renewal rates, interstitial waters in lagoon deposits contain high
concentrations of dissolved organic matter, of dissolved materials

such asg, nutrients, heavy metals and other chemical compoundse.
These high concentrations are due to the abundance and rapid
decomposition of organic matter, desorption and dissolution of

elements under anoxic conditions and chemically stabilizing pro-
cesses such as chelatione The concentration gradlients between the
sediment and the water column, together with the interstitial
water renewal rate, doetermine the rate of release of substances to
the maln water body of a lagoon. Measurement of the amount
released and of thelr seagonal variations 1is essential to under-—
stand quantitatively the role of sediments in the organic produc-—
tion cycle and the possible negative effect of liberated harmful
subgstances on biologlical systems.

In polluted lagoons a much larger assembly of chemical species,
natural and manmade, is present in the sediments. Sudden release,
either by natural phenomena or by dredging, may be a threat to the
biological communitiess Dredging, especially, should then be pre=-
cedoed by a chemical surveye.

In most healthy lagoons, even 1f the deposits are malnly
anoxic, the upper layer is mostly well aeratede An important sign
of overloading with organic matter is the thinning of this layer.
After it has vanished the conditions 1in the overlying water may
change very rapidly from oxic to anoxic, whereas at the same time
the release of chemical specles 1s strongly acceleratede.

Quiline of research programmes ln Geology
Sediment influx and sediment iransvort processes

It i recommended that research center on the determination of the
spatial and temporally varying rates of transport within the
lagoony and at the landward and seaward surface. In lagoons with
large tidal influence, important variations of suspended sediment,
and therefore the depth and extent of the photic zone can occure.
In these cases 1t will be necessary to examine the short period
variations associated with semi-diurnal or diurnal <tidal events,
ags well as the fortnightly neap to spring cyclee. In lagoons with
large seasonal fluctuations, elther related to moeteorologlical
cycles and freshwater inflow, or to morphological changes such as
inlet closurey, it is important to do seasonal repetitive studles
to evaluate the effect of these varistions on suspended sediment
trangport. Alsoy, moeagurements of flux of sugpended sediment in
and out of the seaward inlets of the lagoon can be carried oute.
These measurements are usually too limited in time and space to
enable guantitative estimates of the net budget of sediment



between the lagoon and the sea. However, these measurements can
give useful information on the relative amounts of sediment enter—
ing or escaplng through different 1inlets, the verticel distribu-
tion of fluxes (possible existence of two layered systems), and
temporal or seasonal variations in trangsport intensity.

Suspended gsediment sampling transects should be established at
slack tides throughout the lagoon. These can give extremely
important 1information on the spatial distribution of suspended
cedliment within the lagoony and help localize =zones of particu-
larly intense sedimentological activitye. Repeated transects as
function of tides, river flow, seasonsy, etcey can Indicate the
time scale of sugpended sediment transport within the lagoon,y, as
well as give an indication of the relative importance of different
environmental parameters: tides, winds, wave=z, river flow, bjiolo-
glcal productivity, etce.

Point measurements of the flux of suspended sediment during a
complete tidal cycle wlll also have to be established in lagoons
with an appreclable tidal range. These measurements will estab~
l1ish the relative amounts of sediment deposited and eroded at each
tidey as well as the net directions of transport, and es well as
some quantitative estimate of the trangsport rates. These point
measurements will also have to be repeated during different condi-
tions of tides, seasonsy etc. Foraminifera can boe used as tracers
for redistribution or "mixing"” of sediment if the faunal patterns
within the lagoon being studied are establishede. Flux of sedi-
moents into and out of the Llagoons can be measured by "environmen-—
tal displacement" of foraminifera when the sediments belng moved
are depositede. All of these results must be correiated and ana-
lyzed together with the physical oceanography studies in order to
understand the global dynamics of the transport systems.

If the rate of cupply of benthlic lagoon organisms having hard
parts can be established, this would aild in solving rates of
influx of sediment and the rates of deposition of this sedimente.

Bedload transvort

At the present time, the only method available to directly measure
bedload rates is to artificially mark a sediment with a tracer
{fluorescent or radiocactive) and measure the direction and rate of
movement of the tagged gralinse. This mothod, however, can be very
time~consuming, and the results are usually very limited in time
and spacee Generally, tracers can be more effectively utilized in
a specific,y, localized problem, requiring the preclse determination
of bedload ratoes at a certain time. Even in these cases, a tracer
study must be thought of more as e method to verify an existing
hypothesis, rather than as & general survey or resoarch tool in a
reletively little studied lagoone.



Several bedload traps exist and have been used by engineers
working in fluvial environmentse These traps, however, tend to
induce a relatively high error in zones of reversing tidal trans-
porty or wave transporte. It is recommended that bedload transport
in the lagoon be studied and analyzed by a number of indirect
me thods:3

Sediment grain size maps and analysis
Bedload concerns principally sand sizey, or levels, sgediments. A

knowledge of the geographical distribution of sediment types
within the lagoon cen help localize the zones where bedload trans—

port is apt to be predominante. Also, regional graln gsize gradi-
ents can indicate directions of net bedload transport, and estl-
mates of transport intensi tye. Repeated samplings for grain size

analysis in localized areas can indicate time varliations in bed-
loady related to periods of strong current, or wave activitye.

Analysis of bedforms

Bedforms are an excellent indicator of the relative magnitude of
bedload, as well as 1its directione. Numerous gstudies 1in many
lagoons and coastal zones have shown ¢that maps of bedform type,
size and orientetion can give extensive information on the direc-
tion and rates of sand movement by bedloade. Repetitive boedform
mapping over spring-neap tidel periods, storm events, etcey can
enable the study of the time variation of bedload transport rates.
In intertidal zones, the eoxamination of bedding geometry 1in
trenches can indicate the resultant, or net direction of trangport
in bidivrectional tidal systems, and box coring can be utilized for
this purpose in subtidal zonese.

Analysis of morphology and morphological evolution

In zones subject to intensive bedload transport, such as in tidal
inlets and channels, sediment tends to form distinct and recogniz-—
eable large scale accumulationse The geometry of these accumula—
tions is often a diagnostic of the prevailling transport mechanism
(tidesy windy wavers), and numerous classification schemes have
been proposed to group the numerous types of shoals, bars, tidal
deltasy otcey in which sand accumulates.: Systematic mapping and
morphological analysis of these large scale features can be an
effective tool in enalyzing regional transport rates and direc—
tlons, as well as the mechanisms causing the transporte. If hig-
torical documents (old sea charts, maps, aerisl photographs, pilot
logsy otce)y of the lagoon can be obtained, then quantitative
estimates of long-term transport rates can be made, by comparison
with present bathymetry. Even during one or two year periods, 1in
zones of Iintensive sediment transport, repetitive profiling or
surveying in localized areas can give quantitative information on
rates and directions of sediment movemente. This is particularly
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true on the seaward side of barrier 1slands and barrier inlets,
where longshore drift and tidal currents can bring about rapld

changes in morphologye.
Current and wave measurements

A good knowledge of bottom currents and waves can enable quantita-
tive estimates of bedload transportse. These estimates are made by
applying one or wmore of geveral bedload formulas currently
employede In the case of current induced bedload, a precise knowl-
edge of the near bottom viloclty profile and sediment characteris-
tics is required. Even in this case, there can be a difference of
more than 100% between actual rates and those predicted by the
formulase. However,y, this method can give good estimates of direc-
tions of transport, and relative rates in different arease Long~
shore drift can be evaluated with a falr degree of accuracy by
formulag, i1f the regional bathymetry 1is well knowny, as well as the
sediment characteristics and wave reoegime. In general, 1t 1is
extremely important to study the different itime scales of trans-
port fluctuations (semi-diurnaly, fortnightly, seagsonal) in rela-
tion to the major events affecting the lagoon: tides, stormsy mor-
phological evolutiony; etce Therefore, repatitive studies will have
to be carrled out over a period of at least 2 - 4 years. These
four methods of study must be used in conjunction with one
another, and to avoid relying on the results of merely one of
theme If the results of all the methods can be superposed, and
give results of the same order, and can then be related to the
dominant dynamic systems acting on the lagoony, a falrly comprehen-—
sive and complete analysis of bedload transport (rates, direc-
tions, and time scales) in the lagoon can be establishede.

Battern of sedimentation

Spatial distribution of sediment types

It is important to have a complete knowledge of the types of sedi-
ment which accumulates in the entire lagoon. The easlest and most
efficient wvay to obtain this information is to do systematic bot-
tom gsediment samplinge The gsampling network must be planned both
to cover the entire lagoon and zones of marked lithological gradi-
entse Cores should also be taken in order to study the vertical
succession of gsediment types, bedding characteristicsy, and bilolo-
gical activity in the sediment.

In lagoons with marked seasonal fluctuations due to storms,
river inflowy; or inlet closure, it is necessary to repeat the sed-
iment sampling during each period characteristic of & specified
environmental conditione. In this way, the sedimontological
effoects of the environmental fluctuations can be analyzed and
related to sediment transport mechanisme and the resulting pat-
terns and rates of deposition.



Rates and geometry of sedimentation

In addition to the regional patterns of sediment distribution
within the lagoon, i1t is necessary to analyze the rates of gedi-
mentation and eroslion in different parts of the lagoone. Also
important 1is the geometry of sedimentationy 1.6e¢y whether sedimen-
tation is ‘by vertical accretion (as in the case of deposition from
suspension ), or by lateral migration (often the case in zones of
predominating bedload transport). It is difficult to directly
measure the rates of deposltion, since sedimentation 1s a rela-
tively slow process, marked by wide temporal fluctuations. Several
indirect methods, however, can be recommended:

repetitive profiling and surveying can give quantitative sed-
imentation rates in localized areags.

analysis of historical records: charts, maps, aerial photos,
atcs

microfasunal analysis: ratio of living to total fauna content
of foraminifera or other small organisms having preserved
hard parts, such as micromolluscs.

radiocarbon dating in cores.

It is important that the results of bottom sampling and sedimenta-
tion rates be analyzed together with data on sediment gsources and
transport mechanisms, in order to obtain a comprehensive global
understanding of the sedimentology of the lagoon with regpect to
the environmental energy inputs.

Long—term evolution in the lagoon morphology

Several indirect methods can be recommended to analyze and study
long-term evolutive changes in the lagoon morphology, sedimenta-—
tiony and to relate these to biological changes.

Historical analysis

Old charts, maps, historical records, etce, when dating back a few
centuries can provide gqualitative information on the morphological
evolution of a coastal lagoon. Alsoy, archeological fir~ings can
provide information on evolution over a longer time scale.

Sediment stratigraphy

Sediment sampling scaward of the lagoon, couplaed with borings in
the lagoon and barrier can permit the stratigraphic analysis of
the lagoon system during the past few 1000 years. Quantitative
data can be furnished by isotope dating on sediment as organic
consgtituents in the borings.
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Paleontological analysis

Identification of various ancient environments within lagoon
deposlits can be made with foraminifera and in some instances with
molluscse In most or all ancient lagoons thils is the only method
for identifying the deposits as belonging to lagoons. Also, the
remains of foraminifera are useful tracers of post—-depositional
modificationse.

Revorking of sediments and interstitial water renewal

It 1is recommended to determine, through the seasons (a) the rate
of reworking of the upper declimeters of the deposit, (b) <the rate
of interstitial water renewal, (c) the concentration of nutrients,
metals and manmade compounds such as chlorinated hydrocarbons and
(d) the depth of the oxic upper layere.
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CHEMISTRY
Specific features

A coastal lagoon provides the site for a large varlety of chemical
interactions to take place. These include interaction within and
between the reservoirs of material present: dissolved substances,
suspended particulates and lagoon sedimentse. For the present con-
sideration, a coastal lagoon will pe regarded as a basin having
overall inputs and lossesy, and in which e varlety of internal pro-
cesges are actinge The fate of the dicsolved and particuiate
materials brought by natural sources or introduced by human activ-
ities within the lagoon environment, 1s largely dependant on biol-
oglcal, chemical, and physical factorse. Perhaps the most important
factors determining the chemistry, and henceoy the ecology of
coastal lagoons, are the frechwater inputs (runoff), the rate of
evaporation and the mixing and circulation processes with the
adjacent seae On the other hand the circulation of elements meta-
bolically active in coastal lagoons is strongly influenced by bio-
chemical processes in the water column, sediments and the inter-

facese

Influxes and effluxes of materials

The supply of dissolved and particulate materials into a coastal
lagoon depends upon the external reservoir of each of the materi-
als and the avallabpility of a transport mechanism to carry them
into the lagoon.

It seems reasonable to assume that by far the most important
source of substances of metabolic importance entering the lagoons
are from continental reservoirs, mobilized by weathering, biologi-~-
cal processes and human activitiese Thus, in the case of lagoons
having river inputs, the river may often be idontified as the
principal source of these materials. Conversely, a lack of river
input or a depleted continental reservolr may lead to environments
like the so-called "neutral" lagoons of similar salinity to the
seay and to the classical hypersaline lagoons which malintain com-
munication with the sea. In many Llagoons an important part of
materlials results from direct rainfall. While the effect of such
an input i1s often +to "dilute" the lagoon, the rain may carry an
appreciable amount of substances of metabolic importance and also
pollutants. An increasingly important source of nutrient materi-
als in the coastal lagoons 1s from domestic, agricultural and
industrial wastee. In any study of coastal lagoons 1t is impossi-
ble to describe chemical processes without a previous considera-
tion of the physical processes acting on the systeme The flushing
time of a lagoon may be related +to the residence time of sub—
stances within the system. On the other handy, exchange with the
adjacent sea could in some areas represent a considerable input of
materials to the lagoon system.



In order to obtain Information on the contribution of materials
to the coastal lagoons from different sources, it will be neces—
sary to gather the following information, glving particular impor-
tance to the time scale:s

a) discharge of materials into the lagoon by rivers

b) estimation of the exchange rates of inorganic and organic
materials between the lagoon and the adjacent sesa

c) inventory of the amount and quality of substances intro-
duced as wastes from human activities

d) estimation of substances introduced by rainfall.

Overall Chemical Processes

Before contemplating studies of chemical fluxes i1in the lagoon
environmenty it 1s necessary to establish which are the reservoirs
of the elements utilized by lagoon organisms, the pathways by
which the elements may be transferred between reservoirs and
finally the relative importance of oaach pathwaye. As coastal
lagoons are generally shallow environments, they offer favorable
conditions for bacterial activitiese. Consequently, the metabolic
circulation of elements in the environment is strongly influenced
by blochemical processesy not only in the water column, but also
in sediments and interfaces.

Vater column

a) Nutrient utilization: the estimation of primary organic
production is a useful tool in chemical investigations of coastal
lagoons as 1t both reflects the rate of fixation of inorganic car-
bon and the rate of utilization of nutrient substances in the
lagoon environments However, 1t is necessary to consider that in
coastal lagoons the production of organic matter at the primary
level is carried out by planktonic and benthic plants. The chemi-
cal asgessment of nutriont utilization by primary production
should be conducted considering the time and spatial scales.

b) Thoe present state of knowledge on chemical processes in
coastal lagoons has been mainly directed to the study of biologi-
cally important substances such as nutrients, micronutrients and
certain pollutantse However, very little is known about the chem-
ical transformatlons that take place in these complex eonviron-
moentse In this regard it is pogsible to consider the following
studless

Decomposition of organic matter in the water column
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Chemical exchange of substances in boundary layers of
extremely different salinity

Chemical alteration caused by changes in the salinlity parame-
ter

Chemical transformations under anoxic conditions

Chemical precipitation, floculation and aggregation of sus-—
pended particles with ebsorption, and desorption of dissolved

substancese.

Interfaces

Interfaces provide an important place for chemical and biochemical
processes to take place particularly in shallow environments such
ags those found in coastal lagoonse Within this context it is nec-
egssary to consider two important interfaces, the alr-water inter-
face and the water—~sediment interfacee. Most of the research com™
pleted up to the present time has been done on the release of
ammonia and to ea lesser degree on phosphates from sediment—water
interfacese. These studles showed important evidence of nutrient
rogeneration in shallow water environmentse. Important biochemical
processes such as nitrification and de-nitrification also do occur
at gedimont-water interfaces. Very little has been published on
exchanges of materials taking place at the alr-water interface.
Two important areas of research in alr-water interfaces of coastal
lagoons are on the gas exchange processes such as the variations
of the exchange ratio of the O3 and of the CO; systems recorded on
the time and space scales The accumulation and concentration of
dissolved and suspended matter in surface films of coastal lagoons
is another important parameter to be associlated with the biologi-
cal activity and the input of pollutants to the lagoon environ-

ments

Vith regard to the water—sediment interface, the regeneration
of nutrients seems to be of primary importance in establishing the
productivity of the lagoon environment. The interface provides an
importaut site for the bacterially mediated oxidation of detritus
and permits chemical absorption and desorption of critical nut-
rients such as phosphates and ammoniae. As a consequence of the
regoneration processes chemical exchanges at the water-sediment
interface may represent one controlling factor in the supply of
limiting nutrients to the water columne. This information can be
obtalined jn sity with experiments using radioactive tracers such
as 32P and 15N or recording changes in small parcels enclosed in
plastic domes. Another process to be considered at the water-gedl-
ment interface 1is the mobilization of interstitial waters from
underlying sediments to the water column, the nature of the pro-
coess has been explained elsewhere in this reporte.
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Sedimentgs

The chemical composition of sediments gives a useful indication of
the past situation of metabolic and depositional processes in the
coastal lagoons: One of <the chLaracteristics of most coastal
lagoons i1s the accumulation of organic matter in the sediment: .
This organic reservolr plays an important role in +the metabelic
circulation of nutrients within the lagoonsy, as well as being a
source of food for some benthic organisas. Part of the deposl ted
organic matter 1s decomposed by bacterial action returning as dis-
solved forms to the overlylng watere Therefore, biochemical pro-
cesses that are proceceding in the sediments are very important in
the mobilization of nutrient elements within the lagoon.

In order to gain some understanding of these chemical and blo-
chemical processes taking place in the sediments, the vertical
distribution in sediment cores of the following parameters must be
considered: Redox potentiesl, organic carbon, organic nitrogen and
other substances of particular importance in the studied lagoone.
To gain some Iinformation on the source of organic matter accumu-
lated in the sediments, when possible, one has to conduct determi-
nations on the variation of the stable carpon isotopic ratio in
the cores. This information is very useful in detecting changes
in the input of organic matters from different sources into the

lagoonsge
Qutline of research programmes in chemistry
Eutrophicatlion

Perhaps one of the most Iimportant and immediate chemical problems
in coastal lagoons arises from excessive eutrophication induced by
nutrient contaminatione The source of contaminant nutrients may be
from natural sources carried by runoff to the lagoon basin, or
from agricultural, domestic and industrial waste waters. The
results of eutrophication is a lowering of the dissolved oxygen in
the water and the production of toxic hydrogen sulfide. Although
coagtal lagoons are generally shallow systems, isolation from wind
or tidal mixing may result in stratification and anoxlic conditions
frequently developed in eutrophied environments. Variation in the
hydrographic regimegs of some coastal lagoons caused by climatic
stresses can also produce conditions of temporary eutrophicatione.

A considerable amount of research is necessary to deal with
problems of eutrophication in coastal lagoons, information on the

nutrient budget of the lagoons are of basic importance to manage
eutrophication.

Decomposition of organic matter



The decomposition (or minerallization) of organic matter, as well
ac the organic production are important processeg, in the meta-
bolic circulation in the coastal lagoons. The methods for deter-
mination of organic production rate have been well established.
On the other hand, there are no appropriate methods for the deter—
mination of +the decomposition rate of organic matter 1in the
coastal lagoons. In order to obtain a clear picture of the meta-
bolic circulation in the coastal lagoons, a chemical assessment of
decomposition rate of organic matter in the water column and in
the sediments must be considered.

Nutrient elemenits

Studies on the mobilization and circulation of nutrient olements
ags well as potentially toxic metals and pollutants are importante
The principal difference between the mobilization and clirculation
of elements between coastal lagoons and +the open ocean 1s the
increased number of pathways that prevail in the former. In
coastal lagoons these processes may %“e enhanced by chemical
desorption, and a variety of biological processese. Although this
fact suggests the existence of a greater nutrient flux in the
lagoon environment, such an hypothesis cannot be verified without
quantitative data on reservolr sizes and transfer between reser-
voirse The obtention of these data provides the central challenge
for investigating the chemicel cycles in the lagoon environmente.
Such information 1is essential for the responsible management of
lagoon resourcese

Mixing and exchange processes

As it was pointed out in the physical section of this report, the
use of dissolved conservative materials present in lagoon water
can be used as Iindicators of mixing and exchange processes in
coastal lagoonse In this regard the particular composition of the
water sources entering the lagoon system can offer the possibility
of expanding the use of these techniques. For example, changes in
the total elkalinity of the water of sgome lagoons can be used for

that purpose.

-49-



A review of some general features of coastal lagoons

The flushing of well-mixed tidal lagoons and their
seasonal fluctuation

Sedimentary processes in lagoons

The hydrography and chemistry of some coastal
lagoons of the Pacific coast of Mexico

Biogeochemistry and geomicrobiology of lagoons and
lagoonary environments

Processes in the sediments and at the water-sediment
interface

Inorganic and organic nitrogen contents in some
coastal lagoons in Venezuela

A coastal lake of the Nile Delta: Lake Menzalah

Spatial and temporal variations of phytoplankton
production in lagoons

Ecology in the entrance of Puerto Real, Terminos
Lagoon

The occurrence, diversity and abundance of fishes in
two tropical coastal lagoons with ephemeral inlets on
the Pacific coast of Mexico

A review of the potentialities for research and fish
culture in the coastal lagoons of West Africa

Production dynamics of a temperate sea: the Baltic

Guidelines for ecosytem research in coastal lagoons

The flux of carbon, nitrogen and phosphorus between
coastal lagoons and offshore waters



TASK GROUP II - Biological Processes and Ecology

CONTENTS

INTRODUCTION: The lagocomn ecosyvsiem

Defining ecosystem characteristics
Coastal lagoons as ecos)stems
Specific features
Coastal lagoons are highly productive
Coastal lagoons are ecologically complex
Coastal lagoons are ecologically stable
Coastal lagoons have many boundaries
Functional structure of coastal lagoons ecosystems
Biote
Netabolism and energy flow
Food web: order - disorder
Adaptation to the lagoon environment ( physiological ecology)

Blow-up

The benthic communities
Macrophytes and microphytes

= 1nside Lagoons
- around lagoons: salt marshes and mangroves

Phytoplankton, zooplankton, meiofauna and microfauna
Community structure of fishes

= migration patterns
- gseagrasses and mangrove sub-systems

= methods for sampling fish populations
- hypersaline lagoons: a special case

Quiline of research programmes in Biology
System mapping
Definition of sub—systems
: Spatial and temporal variability
Phyasical forcing foundations
Metabolism and nutrient cycling

-51-




Physiological studies of major components
Experimental ecosystem studles

How do we study a new lagoon?




TASK GROUP II - Blological Processes and Ecology

Iniroduction: Ihe lagoon ecosvstem
Defining ecosystem characteristics

Before discussing lagoons as ecosystems, we shall describhe the
context within which we address the questione. Ecosystems have
often been analyzed in terms of their structure and functione. The
parts of components make up the structure and the interaction
between the parts or the processes are the functionse The elucida~-
tion of the structure and function is a logical process. The ele-—
ments are not arbitrarily ldentified and studied, rather they are
the functional unites of the ecosystems.

Components commonly used to describe structures include hetero-—
trophic and autotrophic population, trophlic structure, and inor-
ganic and organic nutrientse. These have been quantified in terms
of standing cropy bilomess, physiological adaptation, community
structurey changes in time and spacee. Processes used to describe
function include community metabolism; primary and gecondary pro-
duction and respiration; migration; food and energy flow; cycling,
regeneration, uptake, and import and export of nutrients. The
nature of boundary conditione or forcing functiong are also impor-
teant in understanding the structure and functlion of ecosystems;
this is especially so for coastal ecosystems due to their open

naturee.

All of these are common ecosystem elements. Thoey vary from one
ecogsystem to another in both absolute magnitude and relative pro-
portion. Thus in developing the theme of coastal lagoons as eco—
systemsy we shall describe the nature of the various elements in

these systemse.

Coastal lagoons as ecosystems

Coastal lagoons'! ecosystems are directly related to the physical
and chemical environment, l1e0s coastal lagoons are dynamic and
open systems which are dominated and subsidized by physical ener-
gless.s In thie section we want to discuss several ecosystem charac-
teristics which are a function of these features. Then we shall
illustrate these points by investigating the nature of the func-
tional structure of lagoon ecosystemse

Coastal lagoons have the following characteristics:
le¢ They are highly productive
2 They are ecologically complex

3« They are ecologically stable
4¢ They have many boundaries
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Of course these characteristics apply to many ecosystemsy but
in the following discussion, we hope to illustrate more specifl-
cally why these characteristics are appropriate.

Specilflic features
Coagtal lagoons are highly productive

Coastal lagoons are characterized by high rates of primary and
secondary production end high blomasses of both autotrophs and
heterotrophse These rates of production are among the highest
meagured for natural ecosystemse. In addition there is a high net
productiones This allows a large, economically valuable harvest by
many of fish, shellfish, waterfowl, mammals, etc. Why are coastal
lagoons so productive? They are "subsidized" ecosystems. MNoving
water and its effects are very importante There are rich nutrient
supplies and efficient means of conservatione There are several
different types of primary producers and often year round produc-
tione Physlological and behavioural adaptations (i.e. salinity
tolerance and migration) allow much higher biomasses at certain
times than could be supported on a year round basis.

Coastal lagoons are ecologically complex

From an ecoloygical standpoint, complexity can have several mean-—
ingse. It can mean that there is & high diversity of gpeciese It
also can mean that there is a high diversity of environmental fac-
torsy habitats, a high connectivity in the food web, and a high
diversity of couplings both internally and with neighbouring sys—
temSe Both these definitions are useful ways of describing ecosys-—
tomse Coastal lagoons have a relatively low species diversity and
a relatively high environmental diversity.

The diversity of important forcing functions 1s high (sun,
wind, tide, rivers)e There is a high diversity of habitat types of
primary producersy a highly complex food web, and a number of dif-—
forent types of life histories of estuarine organismse.

Chemical cycling 1s very complexe There are many behavioural
adaptationsy and physiological tolerancese Each of these will be
dealt with in more detail in the next section.

Coastal lagoons are ecologically stable

As with the concept of complexityy, stability can be considered in
a number of wayse Onoe view of stability is that of systems which
exist in constant; predictable environments, such as coral reefs
or tropical forests. These systems are not very resistant to per-
turbationse The opposite view of stability 1ig that of a system
such as a coastal lagoon which has evolved in a highly variabdble
environment and mechanisms have developed to deal with this vari-
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ability, These mechanisms include physlological and behavioural
adaptations of different species as well as the development of
alternative pathways and structures. Wide physiological toler-
ancesy migrations, a highly connected food web, and complex chemi-
cal cycles are eoxamples of these mechanlisms. Thus complexity
increagses to the stabllity of the systeme.

Coastal lagoons have many boundaries

Coastal lagoons have many boundariesy, both external and internal.
Externally, they are hounded by marine, freshwater, and terres-—
trial systems and the atmosphere. Internally there are boundarieg
betwoen water and bottom, aerobic and anaeroblic, fresh and salt,
wetland and open water, shallow and deep, different water masses,
etce Much of the reason that coastal lagoons are productive, sta-
ple and complex is because of the nature and number of these
boundariese.

The exlistence of a boundary implies the existence of a gradi-
enty and as mentioned earlier, work can only take place where a
garadiont exists. Thus en ecosystem can be more productive (one
can do a greater amount of work) where there are many gradlentse.
02 course there must be an outside force to malintalin a gradient,
and hydrology is very important in accomplishing thise. These
boundaries also allow for the development of many different habi-
tats and increases both the stability and complexitye. In the next
section we shall anelyze the structure and function of coastal
lagoons so0 as to illustrate the preceding points.

Functional structure of coastal lagoons'! ecosvstenm
Biota

The complexlity of the physical environment produces a divergity of
potential habitatse The blota has exploited this diversity to cre-
ate an even more complex mosaic of blological habitats. Consider
the different physical environments, high energy passesy, intertil-
daly ghallow littoral areas, deeper cuntral bays, and the low
salinity, riverine~influenced oligohaline. Primary producers have
fully exploited these arease. Salt marsh grasses or mangroves grow
in the intertidal, submerged grss3se8; macroalgae, and benthic
microalgae may exist in the littoral; phytoplankton dominate open
waters, and freshwater swamps and marshes are often found at the
fregh~saline boundary. Floating vegetation may also be important
in fresh arease. Epiphytic communities utlilize submerged and emer-~
gent plants as a substrate. Animal communities have also exploited
the full range of hadbitats. Different benthic communities exist in
passes, marshes, grass beds, deeper waters and oligohaline waterse.
Both meio~ and wmacrobenthos are importants Where conditions are
favourable, reef bullding organisms, such as oysters, create new
habitats with a unique community structure. Zooplankton are most
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important in phytoplankton areas. Nektonic organisms exist
throughout the system acting as regulatorse Thus there is a diver-
slty of habitats and of different kinds of autotrophs and heterc—

trophse.

There are high rates of primary and secondary productivity,.
This high productivity results because of many Subsidies. Two
important subsidies are rich nutrient supplies and currentse. Con—
stantly wet rcots allow evapotranspiration, in emergents +to
approach theoretical maximae. Productivity of different types of
plants are often complementary so that there is significant year
round productione. Physiological tolerance of varying salinity and
temperature and dryness in the intertidal is important. Fast grow-
ing phytoplankton and epiphytes allow quick response to favourable
conditions such as increases in nutrient availability and higher
temperaturee.

This high primary productivity supports e high sSecondary pro-
duction. Animals are able to make most efficient use of food
resources because of a number of adaptations. As with plants there
are physiologlcal tolerances and fast growing organismse In addi-
tion to being able to adapt to cope with varlation in salinity and
temperturey and to dessication, many benthic organisms are adble to
adapt to cope with high sedimentation and low oxygen. Organisms
such as zooplankton, Jellyfisheay, meiofauna and small fishes have
high potential growth rates. Benthlc organisas such as oysters and
clams are able to withstand long periods of low food availabillty.
A large number of lagoon species are migratorye. This allows a much
higher biomass during favourable conditions such as at times of
high food availabilitye.

Metabolism and energy flow

Coastal lagoons are very dynamic systemsy, developing a high turn-
over rate of organic material produced inside and outside the
lagoon., Important and sometimes drastic changes in the environ-
menty however, result in dynamic spatial and temporal distribution
patterns of transient (= temporary immigrants) and resident
(indigenous) organismse.

The resident organisms generally are highly adapted and thus
can monopolize the habitat. Nutrient and organic matter input,
together with shallow water conditions, light penetration to most
of the bottom partg and good wind mixing 1in most cases lead to
high peaks in productivity, very often followed by outburet of
bvacterial blooms Iin the water. Bacterial activity 1s so fasty, that
the total daily production can be turned over within the same daye.
This,; combined with similar peaks in respliration activity of the
meiofauna may lead to distrophic crises of the systemy; often forc-
ing the immigrants to retreat. Caused by nutrient abundance, fast
production and partial recycling, the storage potential and actual



storage of organic matter in lagoon sediments 1s higher than in
other comparable gystems such eas estuaries or offshore shallow
water gsystemse. Thus lagoons are ephemeral geographic situations
leading to an upheaval of reduced organic compounds and speeding
up of bilogeochemical and biological reactions as a consequence of
the constant supply of material, combined with a high trapping
potential.

Food webs: order—disorder

The trophic structure is characterized by a number of different
primary food <types, a highly connected food web of generalized
feoederg, and a number of feeding hablts. Food enters the base of
the food web Iin different wayse ALl of the plants can be grazed
directly, but this is the dominant mode only for phytoplanktone
Much of the emergent and submergent plant material enters the food
web as detrituse Because of net nutrient uptake during the forma-
tion of detritus, this material has a higher food value than the
plant material alonee. For both detritus and epiphytes, it is not
Just plant material, but an entire community which is8 consumed.
The community includes bacteria, fungae, microalgae, protozoans,
and higher animalse.

Although the principal structures of the food-webs in coastal
lagoons do not differ from those in marine systems elsewhere thelr
enclosed character and the shallowness of the water, moaning good
mixing and light down to the bottom, cause a somewhat different
channelization of the fluxes of energy and matter. Due to the good
light condltions the submerged macrophytic vegetation flourishes,
making a large area of substrate for epiphytes Llike diatomse. In
many lagoons free~floating mats of green algae and diatoms occur
in cases where there 1s luxuriart light at <the sediment surface.
These are covered with thick carpets of primary producers like
blue—-green algae and diatomse.

There are two types of food chaing:? one based on grazing and
another based on detrituse There are gseveral different types of
grazer phytoplankton in open waters. Some benthic organisms such
ags oysters, clams, and anemones filter phytoplankton and other
particulate matter in areas where there s sufficlent current.
Snalls and gome fishes graze on epiphytic and benthlc algaes There
is also some direct grazing on emergent and submergent plants.
Detritus is an important food item for many small fishes, shrimps,
and melofauna - especially in faunal deposit feeding species. Car—
nivores become more goneralized higher in the tropical structuree.
The increased pool of autochtonous particulate matter induces an
intengive activity of the microorgenisms in the sediment. This
mlight be further enhanced through the close spatial connection to
the primary producers in the topmost layer of the sediment. The
mineralization processes probably work to a lessgser eoextent to low
molecular end products than in other habitats as more energy and
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matter ls channellzed to primary producers due to the good light
conditions and close mechanical contacte This means that the pool
of particulate organic matter 1s increasing In the sediment and
the "fossilization" or transport of 1t out of the system 1is highe
As stated elsewhere, the nutrient cycling Iin coastal lagoons is
probably higher than in, for example, estuaries.

From the point of bullding bliological structure, two extreme
types of lagoons can be recognized: the one with stable or predic-
table environment and the one with high frequency or physical and
chemical disturbancese.

1e The first type shows high diversity of the blological compo-
nents; complex food webs and steady state condltions. Good
examples are Lake Menzalah in Egypt (Halim, 1978) and Laguna de
Terminos in Mexico ( Yanez, 1978).

2« The second type ls characterized by pariods of relatively sta-
ble conditions during which an elaborate community structure is
being built and the system is mainly bilologically forced. These
periods are every now and then interrupted by heavy flushing of
water of different properties and causing gstress and disorder

,O&DDED
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Fige 2 Food webs order—disorder sequence as & roegult of wator
flushing.

During this period osmoregulatory and adaptatory processes are
dominating and less energy can be spent on interactions between
orgenisms. The stress ls registered in, for oxample, the behaviour
of the organismsy, <the fish grow sluggish, do not eat, have high



rospiration costs, etce. An example of this lagoon is the Arcachon
Bay in France (Lasserre gt aley 1975):s The concept of successlion,
as exemplified here, is8 central to much current thinking of the
structure of ecological communities (Nargalef, 1968; oOdum, 19693
Johnsony 1972)e Odum describes 1t as:

1) an orderly and directionel process which

2) results from modlifications of the physical environment of
the community and

3) culminates in a stable climax. This paradigm can and has
been chellenged although it is clear that certain biolo-
gical interactions are indeed orderly and do have predic-
table outcomese.

During periods of high environmental stress opportunistic specles
("r~gtrateglsts") create a high temporal heterogeneity which pro-—
duces, generally, unbalanced conditlions for K-strategistse Those
immigrant species which constitute the great majority of the liv-
ing resources in lagoons create spatial heterogenelity through pre-
datione These species, howvever, are hardly limited in thelr compe-
titive ability by the deleterious effects of stress (see paragraph
on physiologlical ecology)e. In a coastal lagoon a translent physi-
ological capablility +to cope with the 1lagoonary conditions will
give to immigrants (K-strategists mostly) a competitive advantage
over the r-gtrategists, at least on a temporary time scale
(Fige 3)e

Adaptation to the lagoon environment (physiological ecology)

Research has now entered a stage where we are beginning to under-
stand the competitive interactions of multi-specles systems 1In
torms of different modes of adaptation. The biochemical properties
of adaptation of individuals and populations are very important
for a true understanding of stressed lagoon systems, and emphasis
is placed on the evolution of these adaptations in the formation
of communi tiese

The very existence of any organism willl depend on its capacity
to adjust to daily end seasonal changes. Each organism does not
regulate by any single pattern but is resourceful in utilizing a
wide range of regulatory mechanisms, Gegey the euryhaline homeo-
smotic specles are able to regulate the composition of thelr body
flulds by passive or active mechanisms which maintain a steady
state of lonic and water flux between external and internal media.
All these adaptive properties imply different speclalizations. A
considerable amount of work has been done during the last decade
on the cooperative blochemistry and physiology of speciles living
in estuaries and lagoon systemse. However, most of the attention
hag been directed towards physiological or bilochemical end pointse.
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Fige 3 Autochtone versus immigrant specles responses to stress in
coastal lagoons.

There 1is, at present, widespread interest in rearing and
harvesting organisms of nutritional value in the coastal lagoons,
salt marshes, mangroves that are oextremely productive and are,
nevertheless, in a state of borderline excess of eutrophication.
Coastal lagoons receive temporary immigration <from the sea, and,
to a lesser extent, from the land—based waterse. Vhile some species
may actively seek the most favourable environment by mlgrations,
othersy, with limited locomotive ability or which are herded in
lagoon enclosures, must deal with the environment.

Stress is an inescapable part of life in coastal lagoons: eeg-y
the salinity effects are complicated by the interaction of other
environmental factors and are mediated, eventually, through an
osmotic behaviour which is highly adapted in nature. Conversely,
lgolation of temporary immigrants in lagoon enclosures can alter
the ad libitum migratory tendencies and trigger osmoregulatory



disfunctionse. It is very probable that periods of prolonged
neuronal and hormonal activity, often related to prolonged envi-—
ronmental stress, may produce some shortage of energy demands for
growth or maturlty, which i1s reinforced at a certain moment by
some generalized reduction of metabolic energy (reduction of ATP
production) as in the cagse of low temperature in winter, acclden-
tal anoxia due to high eutrophication In summer, hypoglycerinia
dueo to starvation or to some unbalanced condition of nutrient
availabilitye It is noteworthy that apart from naturally occuring
stress, many polluting subgstances can alter the osmoregulatory and
other metabolic mechanismse. Osmotic balances as derived from a
getudy of blood chemistry and tigssue composition can indicate a
"healthy"” or "unhealthy”" state relative to given environmental
conditionse. Nodification in the gill ATPase activity of amphiha-
line flsh can glve some significant indication of their migratory

tendencies.

Microfaunal and meiofaunal communities are very successful in
reproducing and growing in coastal lagoons. Those opportunistic
specles have ghort generation times and their production/blomass
tend to be considerably higher than for macrofaunae. They must
therefore require a high level of metabolic energy and food con-
sumption to complete thelr life cycle and it may be anticipated
that thelr protein metabolism is elevated. Little systematic work
has been done, for example, in comparing the osmotic adjustments
of laboratory adapted organisms with field populations from con-
trasting habltatses. It 15 necegssary therefore to increase our know-
lege on the DYNANIC ASPECTS of adaptative adjustments, with
ECOLOGICAL BIASy of species that have been shown to exhibit dif-
ferential penetration of lagoonse The key variable of salinity,
temperature, oxygen tension, and other major environmental factors
influence greatly differential penetrationy colonization, and
establishment of animal and vegetal communities. Such approaches,
howvevery, are beset by methodological and interpretive difficul-
tiegse and thereforey, it 1s necessary to standardize the methods of
sampling, capture, handling and laboratory techniquese. Physiologi-
cal periodiclties, temporal shifts due to localized ablotic
effects and variations due to reproductive conditions, should all
be teken into consideration in the future.

Ecological stirategies of microflorar, ecophvslological strategiles
of melobenthos and zooplankton. Adaptation of haloohvtesg.

A high degree of tolerance to many environmental factors has been
shown in many meiobenthic and zooplanktonic species. Recent stud-
ies using sophisticated methodology have shown the independance of
motabolic activities over large environmental temperature, salin-
ity and oxygen ranges, suggesting the existence of metabolic com=—

pensationse.
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Furthermore, increased evidence of many original features of
ecophysiological adaptation presented by meiobenthic organisms and
the general importance of meiobenthos in coastal lagoons tends to
encourage future studies which try to define the complex picture
of all the acquired adaptative features of meiofauna 1in thelr

habitatse.

Ecophysiologlical stirategles of macrobenthos

Sampling evidence and the examination of fishing and collecting
records from coastel lagoons and other embayment systems indicate
that fish and many macrobenthic economic species, such as crusgte—
ceans and molluscs, invade periodically these estuarine habl tats.
The key variables of =alinity, temparature, and to a lesser
extent, oxygen are Iimportant and probably influence greatly the
differential penetration and movements of animal populationse.
Osmotic balances derived from the study of blood chemistry and
tissue composition can indicate a "healthy" or "unhealthy" state
relative to given environmental conditionse.

Blow-up
The benthic communi ties

Soft bottom communities of lagoons differ largely from offshore
s0ft bottom communities and estuarine communities for physical and
biological reasons. The main differences can be expressed in terms
of +transport and sedimentation potentials of the hydrographic
roegime and in terms of grain size, accumulation of organic matter
and storage potential derived from both, transport processes and
productione Soft bottom of lagoons tend to have higher surface
volume ratios than estuaries or especlally offshore sgediments,
leading to a more extended area sultable for primary production by
benthic autotrophic communities.

Lagoons and thelr sediments thus have finer grain size, high
benthic productivity, high planktonic productivity, high supply of
organic matter and low export ( transport) energy. This establishes
a regervoir for DON and POMN and a special cycle of energy and nut-
rients in the sediments which in exchange feeds bauck to the open
watoere Before general characteristics of the soft bottom system
are doscribedy, a short review of additional factors in sediments

of lagoons should be mentionede.

(1) Seasonality, (2) salinity, (precipitation/evaporation), (3)
permanent or episodal, (4) flushingy (5) pollution, (6) terres-
trial material supply, (7) existence of wetlands or {(8) mangroves,
and (9) internal and (10) external sediment regime largely influ-
ence productivity and remineralization patterns in lagoon sedl~

mentse
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Generally high latitude 1lagoons have a very well defined sea~
sonal cycle, smaller changes in salinitiesy and lower salinities
than the open seae. They have salt and freshwater marshes but no
mangrove systemse Frequently the marsh systems are very produc—
tive and interacting with the lagoone. Peat swamps may extend into
the lagoon system when freshwater supply is high, causing holigo-
trophic conditions with low benthic production and low turnover
rates but still high storage capacity for organic matter. Lagoons
of low latitudes, especlally in dry climates, have strong fluctua-
tions in sallnity and generally coarser sediments, which are
caused by shell detritus and carbonate sand bheing preserved, but
they may also have carbonate mud conditionse. They tend to be
hypersaline at least for certain periods of the year. This leads
40 stress on certaln kinds of producers and consumers in the
lagoon sediments and to the development of mangrove in addition to
marshese The production of the benthic flora and microflora is
partitioned between seagresses {(Zostera, Posidonia, Ruppla, Halo-
phila; etce), eukaryotic algae (brown and green algae and diatoms
mainly, red algane in a few cases) and prokaryotic cyanobacteria
and photosynthetic bacteriae. Brown algae are typlcal for high
lfatitudes, while cynobacteria represent the most important benthic
producers in low leatitudes and hypersaline lagoons. Faunal ele—
ments of the sediments (including protozoans, melofaunay lamelli-
hranchs, gasteropodsy annelids and crustaceans) undergo large sea~
gsonal varlations in northern systems during the Yyear, while
variations in the low latltudes are restricted to lagoons with (a)
changing salinity, (b) monsoon character or (c) soeasonal helioth-~
ermal stratificatione. Hypersaline lagoons have a stably and
poorly developed fauna which undergoes changes with seasonal heat
stress and dryinge Tidal adaptation is similar in high and low
latitudesy except that the fauna of low latitudes tends to exhibit
more heat—-protecting stress adaptation patterns while in high
latitudes freshwater adaptation patterns may prevails. Very little
is known, however, about the latter.

The detrital food chaln in lagoon sediments is usuelly charac-
terized by (1) high productivity, and high supply of organic mat~
tor, (2) high oxygen demand of the organisms, (3) high turnover
rates of the aerobic and anaerobic flora and (4) high storage
potential for POMe The vertical 2zonation of different subsystems
is more varlied and more distinct in low latitude sediments than in
high latitudess The sulfur cycle in lagoon sediments is relatively
well-studied and has been qualified to some extente. Less exact
information is available on the nitrogen and the phosphorus
cycles, although such cycles are being worked out recently in
estuarlese The partitioning between respiration and foermentation
is known in some cases but very little information exists so far
on the distribution between respiration of the fauna and the flora
under aerobic and anaerobic conditions. In very general terams, the
respiration ratlo between animals and microbes 1s higher in the
aerobic system, than in the anaerobice Recently however, 1t has
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been shown that several genus of the benthic feuna are capable of
anaorobic regpiration pathwayse.

In a generalization 1t can be gsald that aerobic respiration
peaks in summer 1in hlgher latitudes, while it tends to be high all
over the year in low latitudes. The tondency of a chemocline for
oxygen reaching the surface 1n general is higher in low latitudes,
but under certaln condltions (fine gralned sediments, high supply
of detritus, stagnant conditions, high consumption in the water
column)y 1t occurs In high latitudes as well. Speclal bottom sys-—
tems (microbilal laminated mats) may develop frequently in differ-
ent formas. They are composed of diatoms, cyanobacteria and photo-
synthetic bacteria. In high latitudes and at low galinitiesy they
have a tendency to be inside the sedimenty, while in low latitudes
and under high salinity regime they tend to be above the sediment
surfacoe. Sedimentation rates also play a role in this. All soft
bottom sediments of lagoons may be divided horilzontally in three

zZones:
1) rooted seagrass and mangrove systems
2) microbial mat systems and some macroalgae systems

3) nonproductive aphotic systems (only at water depth below 5 m or
at very high turbidity or sedimentation rates and sediment
transfory eege tidal channels with strong currents transgport-
ing high amounte of fine~-grained material and detritus).

The bacterial mechanisms in general are the same as in any
other sediment, but the energy transfer rates are usually consid-~
erably higher. Except for freshwater lagoons, the main control-
ling factors of respiration and remineralization are:

a) aerobic respiration bYy chemo-organotrophic bacteria and by
the fauna;

b) transfer of buried materials to the aeroblc zone by burrowv—
ers and oxygen channel producers back to (a);

c) and anaerobic respiration by mainly chemo-organotrophic bac-
teria and anaerobic fermentation with varying end—products

released into the water or captured and trapped in the sedi-
mente The main metabolic procegsses are summarized in

Fige 1o

Macrophvtes and microphyvtes
Inside lagoons

Though seagrasses are of common occurrence in sghallow marine
waters, the macrophyte ecosystem 1s of particular importance to



the  total economy of coastal zone lagoonse. Analogous mechanismg
govern the community structure in mixohaline lagoons in spite of
thelr diversitye. In oligohaline lagoons, the macrophytes are rep-
resented by the tolerant freshwater Potamogeton pectinatusy De.
crispus and Ceratophyllum demersum and 1in mixohaline ones by Iha-
lassiae Ruppilay Zostera and macroalgae. Oligohaline macrophytes
are favoured by soft silt clay bottoms while the mixohaline ones

appear to be alweays assoclated with sandy bottoms. Propagation is
mainly assured by rhlzomes embedded in the soft bottoms, though
seeds are also producede.

Seasonal variations in growth and exchanges with the system are
tomperature progremmed, being less pronounced in tropical lagoons.
In temperate lagoons, growth 1s accelerated In spring, the growth
rising from 2 to 10 g dry weight m~2 day~!. The Potamogeton-Cera-
tophyvllum macrophytes extend +to the water surface, up to 0.5 to
15 me depending on depthy but the sea grasses are more limited,
rarely exceoading 0¢5/0.75 m in lengthe The blowasses are of the
order of 2/10 kg m—2, and almost 0.500 kg m~2 respectively for the

Potamogeton-Ceratophyllum and the Ihalassle wmacrophytese.

During the growth, the macrophytes draw heavily on the avalla-
ble nutrients and regulate the level of digssolved oxygens. The
activity shows a pronounced diurnal cycle, the respiratory or noc-
tusrnal phase is accompanied by a drop of dissolved oxygen, in the
pH and in the rate of nutrient assimilatione In winter, the plants
deterlorate, settling and decomposing on the bottom. This 1s
accompanied by an increased input of digssolved particulate organic
material and of bottom detritus.

Macrophytes are not consumed by secondary producerse They func—
tion as a transient store for the assimilated nutrients which will
be fed back to the system at various levels of detrlituse. The major
function of the macrophytes 1i1s in provlding & substratum and a
shelter for a complex and well structured community of sessile
diatoms and eplphytic filamentous algae (Chladophora, enteromor-
phas chaetomorpha, as well as vaglle and sessile epizoans and
meiofauna)e.

The rhizomes of seagrasses also harbour a varlety of burrowing
organismse Epiphyte and detrital grazers and filter feeders are
dominante. They lInclude gastropods (Hydrollia spe in European
lagoons) lsopods, amphipods, tube-wvorms, sesslile protozoans and
meiofaunae Fish—fry are usually entirely epiphyte grazers. Adults
are omnivores The high productivity of fish associlated with the
macrophyte ecosystem, such as Illapia in the Nile delta lakes, 1is
mostly caused by their low trophic level.
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Around lagoons; salt marshes and mangroves

Many lagoons are surrounded by salt marshes, or, in some casesgy
fresh or trackish water vegetation. Spartina aliernlflera is the
characteristic vegetation where sea meets land in boreal, temper-—
ate and subtropical waters in regions protected from the direct
action of the sea. Salt marshes are among the most productive eco-
systems, average net production ranging from approximately
S00 g C mm2 yr~1 in temperate regions to 2000 g C m2 yr~1! 3in
tropical and subtropical regions. This substantial production is
thought to be important to marine foodwebs through the detrital
food chaine. Spartina stems, broken off during the season or left
over from winter will decompose slowly, forming smaller and
smaller particles called detrituse These salt-plant particles are
colonized by bacteria, which collectively increase the protein
(and nitrogen) content of the detritus, increasing the quality of
the detritug as foode It 18 thought that in many areas this detri-~-
tus 1s important in the food chain leading to fish, although there
have been few direct studies confirming this pathwaye. It may be
possible to identify the importance of Spartina—- derived food, vs
other plant source~derived food by carbon isotope ratios in organ-—
ismg, since Spartina, a C4 plant, has a different isotope ratio
than other CJ3 plantse. This method may offer the potential for
assessing the contribution of Spartina marshes to lagoon produc-—-
tione

Salt marshes provide other contributions to estuarine life
besides direct contribution through food chains: they stabilize
land areas, provide flood protection to land areas, provide habl-
tat for birds, marsh animals, and in tide channels, fishes and

invertebrates.

In the Unlted States, a number of studlies have indicated that
salt marshes are probably, in general, nitrogen limited. Salt
marshes have been shown experimentally to be effective absorbers
of sewagee Addition of fertilizer or sewage nitrogen to the sur—-
face of salt marshes dramatically increases the Spartina standing
crope However, marshes are not infinlte sinks of nitrogene. Appar-
ently they take up oxidized forms (NO3, NO2) and give off reduced
and organic forms (NH3zs DON)e It 18 unclear how rates of uptake or
release of nitrogen from marshes surrounding lagoons will vary in
response to seasonality, salinity pulsesy, or wide fluctuations
between oxic and anoxic conditionse

Phytoplankton, zcoplankton and meiofauna

The shallow depth and high turbidity of many coastal lagoons often
minimizes the contribution of phytoplankters to the primary pro—
duction of these systemse However, lagoon weaters also tend to be
quite high 1in nutrients and intense blooms may develop periodi-
callyy particularly in temperate lagoons. While the standing crop



and productivity of phytoplankters per unit volume may be
considerably higher 1in lagoons than in offshore coastal waters,
the production of plankton per unit area of the lagoon 118 often
lower than that of the macrophytes or epibenthic microflora.

Because of thelr much long-r generation time, the zooplankton
of lagoons are strongly influenced by the flushing rate of the
systems Particularly at lower temperatures, the length of time
required for oggs to hatch and for nauplii to develop may be long
enough so that an appreciable portion of the population is lost
offshore. Even at higher temperatures, the flushing rate of a
lagoon may dampen predator-prey cycles In the plankton.

Because of the difficulty of making measurements of secondary
production, little is known of the energy flow through lagoon zoo-
plankton populationse. An important characteristic of the lagoon
zooplankton comamunity, however, is often the large contribution of
meroplankton~bivalve, gastropod, and polychaete larvae, fish eggs
and larvae. Bacauge of the large amount of sediment surface to
water volume and the role of lagoons as fish nursery areasg, the
meroplankton are usually much more dense in lagoons than offshore.
These elements often enter the plankton in sharp pulses that may
exort an intense grazing pressure on the phytoplanktone. In a num—
ber of cases, these zooplankton, a8 well as some copepods and the
larger goelatinous forms such as Ctenophores exert carnivorous
fooding pressure on the smaller zooplankton. Little 1s known of
the Iimportance of predation in lagoon =zooplankton population
dynamics and even legs information is available on the microzoo-
plankton or bacterioplankton of these systems.

Because of the interactions of varying salinity, tompera ture,
flushings predation and food supply, the dynamics of lagoon zoo-
plankton populations may be complexe. It may be that the most
important components are +the trangsient larval stages of fish and
benthos. In torms of energy-flow and productiony, the benthic har-
pacticold copepods may be most important as a food source 1in

lagoons.
Community structure of fish

The community structure of fish can be described by: number of
species, number of abundant species, biomassy productivity, other
meagures of diversity, dominant-diversity relationsy, and popula-
tion dynamics in particular. The methods for measuring such indi-
ces in ghallow (< 3 m) coagtal lagoons are fairly well estab-
lishedy relatively inexpensive and suitable for most nations with
biologists trained to a moderate technical degreeo.

Probably, relative specles abundance; blomass, productivity,

and trophlic relationships, are the most important parameters to
study in any new programme. We may conclude tentatively from some



studies and our own experience, that coastal lagoonsg tend to have
a more complex cocmmunlty structure and higher levels of biomass
and productlvitye.

The fish communlty structure of lagoons is different from sdja—
cent coastal waters 1n that the percentage of all fish that are
Juvenliles tendg to be much higher in lagoons. Such few comparative
studies asgs exist show higher numbers and bilomass per area 1in
lagoong than in adjacent coastal waterse In addition, smaller fish
tend to be found ir shallower waters, and larger fish in deeper
waterse Lagoons appear +to be importenrt in the life histories of
many coamercial fish species lncluding those that are caught off-

shoree.
Nigration patterns

The utilization of estuaries and lagoons by marine organisms is
not randome Many species have selected through evolution behav-
iouraly, morphological and physiological adaptations that optimize
the use of the food richness of these reglons during the .juvenile
stages of organisms by the timing of reproduction and migration
patteorns. What are these patterns? In general, estuarine and
lagoon—-dependant organisms utilize coastel regilons as follows:
Adults migrate from their normal feeding regions, which are often
far from the coast, end spawn so that eggs or larvae will drift
into coastal environments. The young hatch in or on their way
there and upon arrival exhibit various behavioural and morphologi-
cal characteristics that tend to keoep them theree. For example,
young finfish maintain thelr position in estuaries and lagoons by
swimmingy by day—night vertical movements, or by settling on the
bottome Shellfish often attach themselves to gsubstrates by vari-
ous claws and shroudse The young Spend from a fow weeks to 1 or 2
years in estuarine systems and may later drift with currents or
swim to adult feeding reglonse.

The salt-wedge circulation pattern (Fige 1) characteristics of
estuaries and lagoons with large freshwater inflows consist of
freshwater moving seawvard near the surface, and salt water moving
invard on the bottome The deep galt water moves landward to
replace other salt water that mixes with surface water and is car-
ried to sea:’ the inward-flowing salt water that supplies the salt
wedge may be found from many tens to hundreds of kllometers off-
shore, and *he boundaries of the salt wedge shift landward and
seaward in response to tides and seasonal variations in freshwater

inpute.

This bidirectionel flow of water has allowed for the develop-
mont of three major patterns by which organisms use estuaries for
reproduction and Jjuvenlle feedinges These three patterns are (1)
ocean spawningy followed by immigration of the larvae iIn the land-
ward movingy deeper salt water, (2) estuarine spawning in which



the larvae do not move appreclably, and (J3) river—gspawning,
followed by downstream drift, or swimming of larvae or juveniles.
The commercial shrimps of the Gulf of Mexico (genus Panaeus) and a
lot of marine ficshes in the same area, are examples of a group of
organisms that use the first pattern, various Fundulus or killif-
ishes are examples of the second, and salmon and the striped bass

{Morone saxatilis) are examples of the thirde.

The entrance of Juvenile fish into coastel lagoons without
large freshwater inputs appears to be a somewhat more haphazard
affair since there are not either landward or seaward flowing cur-
rents to followe. The specifics by which juvenile fish "find"
lagoons 1s known for a few caseSe In the United States, some
oceanlc fish will gspawn in lagoons,; moving Into the lagoon in
early springe In other reglons the pattern seems to be, spawning
by adult fish in shallow coastal waters, followed by drift of fish
in longshore currents during the larval stage and then entrance
into coastal lagoons and ponds at a few months of age. Others
spawn well offshore then come to estuaries as fish of several
months of agee As a rule, lagoons are important feeding areas for
both Jjuvenile and adult fishe

Thus the utilization of coastal waters by migrating fish tends
to be strongly seasonal due to the closely-timed reproductive
cycle of most boreal, temperate, and subtropical fishes. In addi-
tion,; seasonal patterns may be determined by the opening and clos-
ing of some lagoons which are associated with wint{er storms and/or
porliods of high freshwater dischargee. The strong seasonal timing
of migrations and reproduction in temperate waters is an adapta-—
tion to the pulses of food availabdbility that occur in spring and
early summer. Such pulses are not as strong in tropical environ-
ments or may be related to other seasonal factors such as rain
water inpute We do not have information at this time as +to the
timing of tropical lagoons mlgrations, and spawning 1s tied into
the seasonal cycle of productivitye.

Sea grasses and mangrove subsystems

The sea grasses and mangrove communities represent interesting
subsysteme because many studles have shown that they are fundamen~
tals in the control and modification of the habitat: 1) they can
serve as food for direct grazing, even 1f all the food cannot be
digested; 2) they serve as substrata for numerous epiphytes which
in thelr turn are grazed upon; 3) they provide large quantities of
detritus which cerve as food for different gspecies and microorgan~—
isms which in thelr turn, can be consumed by fishes; 4) they have
a high rate of production and can produce between 2 and 10 g dry
weight m~2 day~?! (Thalagsia) and 8 tons of organic matter Ha™!

yr~! (Rhizophora)e.



Frequently the Juvenile fishes are found associated with sea
grasgses and mangrove root systemse Two aspects are interesting to
consider in this sense:

1) apparently the marine grass fields and the mangroves are effi-
cient ecological systems to convert energy from solar radiation
capable of sustalning importent fish populations, and 2) the quan-
tity consumed by fish i1s considerably less than the bioamass of sea
grasses and mangrove leavese Therefore it is reasonable to suppose
that an excess of organic matter unable to be used by consumers is
produced, which i1s deposited and retained in gsediments but must
also be exported to neighbouring ecological systems.

Patterns of migrations, food relationships,; analysis of fre-—
quency in the samples during time, and the state of gonads and
length welght relationshipsy are parameters considered in order to
establish 1f the populations are: 1) permanent reslidents, 2) sea-
sonal residentsy 3) temporary visitors which feed in a larger area
than that occupied only by grasses and mangrovesy and 4) migratory
occasional speciese. See grasses and mangrove root systoms are
habitats in which fish find nursery groundsy protection and avall-
ability of foode.

Methods for sampling fish population

It is easy to get samples of fish but difficult to get a sample
that is a reliable estimate of the community structures of the

area sampled. Trawls are probably wost frequently used but are
thought to be inefflicienty, perhaps by a factor of 10, in shallow
lagoon—-like arease. Other means of quantitative sampling include

shore selnesg, purse selnes, various push and drag nets and drop
netse Drop nets are probably the best means for quantitative sam-
pling in most shallow lagoon areas, ospecilally if the water is not
clear: The net can be built on a movable floating frame so that
samples can be taken from different areas. The deepest of these
neta that may be used is probably 3 or 4 me¢e The "triple seine"
technique is a cheap and effective method for quantitative samples
of tidal channelse. A 400 or so square moter area 1s blocked off
quickly by two seines with floats and chains, then the water in
between is seinede The method 1s especlally well adapted for salt
marsh channels. There may be no really effective sampling methods

for water more than 4 m doepe. Other trawls are most frequently
used but we do not Lknow of any systematic study of thoir effi-
cliency (which may be quite low). Large purse seines used in ran-

dom gsampling schemes may be effective for sampling pelagic fishes
in deep watere Planktonic fish are normally sampled with towed
nets: the efficiency of these nets increases with speed of towing
up to at leagt 10-15 km hr~1, indicating net avoidance at low sam~
pling speed. Our experience indicates that drop nets and other
trawls are the best appropriate net to collect fish in the same
order of officiencye.
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Hypersaline lagoons: a speclal case

In troplcal arid areas, very often a life cycle of lagoons occurs
that can be described as follows:

An embayment is gradually closed off from the Sea. This results
in increased salinity; no nutrients coming from freshwater sources
and exchange with the sea decreasing 1in speed and quantitye. The
consequence is an initial decrease in productivity, because many
of the symbiotic communlities (e.ge benthic foraminifera, plants
and reef organisms) are excluded by sallinitye. Gradually green
algae; mytilids and gastropods are excluded. The lagoon ends up
as an almost totally microbial systeme. Since export of organic
matter decreases and consumers decrease in importance, while pri-
mary productivity increases due to light conditions, gradually
more and more organic matter is built up by oxygenlc and anoxy~
genic planktonic and benthic diatomsy; cyanobacteria and photosyn-
thetic bacteria. The typical stromatolitic microblal ecosystem

builds upe.

As long as high evaporation rates (up to 4 m annum~1) 1lead to
constant supply of small amounts of nutrionts, these get trapped
into the systeme Anaerobic conditions are more and more estab-
lished in the bottom parts, with a thin aerobic surface layere.
When the primary production reaches a certain maximum in the
benthic microbial mats, a fast turnover of the organic matter
gtarts, thus furnishing more and more recycled nutrients. At maxi-
mal development, the sum of planktonic and benthic production may
reach values of 12-15 g C fixed m~2 day~!. It has been found that
about 95-98% of this production is immediately recycled 1in the
aerobic zonee. Sulfate reduction measuroments have shown that the
remaining material is recycled also in orders of magnitude which
necegsitate constant migration of photosynthate to deeper layers.
According to equilibrium conditions elther carbonate and gypsum
muds are developing below mats and the planktonic zone; or laml-
nated carbonate sediments without any gypsuam but richer in remain-
ing organic matter are produced. This is the case when sulfate is
completely used up in the interstitial water through sulfate
reduction as terminal electron acceptor. Gradually the systom
fills up with biogenlic carbonates, evaporites and some wind—blow
allochtonous material. Flnally salt and gypsum crusts develop and
the gtromatolitic mats are embedded in theose as it can be observed
in salt panse

At this stage; the evaporating pumping systomy, with reflux of
the heavy brines through the bottom sediments is gradually sinking
downwards into the accumulated sodiments. This results in shortage
of water and drying out of the photic zone. Gypsum is no longer
reduced to sulfide because productivity deocreases and the interst-
itial spaces are comentede Thorefore less water and nutrioents are
seeping in, photosynthesis stops and the lagoon system falls back



to extremely low or no production. After the bar 18 closed
completely and salinities ,jumped up to more than 10%, the food
chaln is practically reduced to microbial production and consump-
tion and degradation, with some participation of Artemia sallnay
coleopterans and protozoanse. This system therefore is an excellent
model to study seasonal and spatial variations, in productivity
and degradation and nutrient release. Algo, changing conditions of
H>S and oxygen borderlines are easler to study than in any other
ecosysteme Furthermore, thlis system 1g interesting bocause 1t
happens frequently within the mats that the large amounts of oxy~—
gen produced by oxygen photosyntheslis coexist with HyS migrating
constantly upwards from the sulfate reduction zone.

It is suggested that within the frame of lagoon studies, exam-—
ples of such a simplified hypersaline lagoonary system are studied
in terms of microbial metabolism and energy transfer rates. They
also may serve as a simplified model of the processes of eutrophi-
cation and trapping of nutrients in lagoonsg, since the nutrient
flows are restricted to very few groups of organismse Such hyper-
saline systems have recelved some interest recently also because
they represent excellent solar energy collectors in two senses?

1« They are very fast and efficlent anaerobic systems for the
production of reduced carbon compounds, which can be used as
food or energy sources in the form of hydrogen.

2e When stratification is developing by layering of seawater
above briney the brine can heat to 1109C. This can be used for

several purposes ac energy ylelding systems.

The study of these end members of the lagoon development in tropi-
cal dry climates therefore is urgently suggested, because they may
be sources of 3 types of energye.

OQutline of Resegarch Programmes in Blology
A suggested research programme for lagoon acosysiem analysls

An ecosystem analysis of lagoon environments should follow the
samo general procedures that have beon developed for other arease.
The first step 18 to define the system boundariese If possgibdle,
they should be selected so that the flux of materials across the
boundaries is small relative to the cycling of material within the
systome It makes no sense to draw boundary lines across water bod-
les 1f the lines are based on arbitrary geographical or political
considerationse. In the case of lagoons, the upland watershed 1s
also a vital part of the lagoon and shall be included in the sys~
tom boundarye. This is also true of the ocean boundary, where beach
processes and sand <transport play an important role in lagoon
ecology through the regulation of beachways and sedimentologies
within the lagoone Once the boundaries are defined, the research
programme might proceed as follows:



System Napplng

Lagoon and watershed morphology

Lagoon bathymetry, watershed topogrephy

Distribution of major sediment types in the lagoon
Digstribution of major bottom community types in the lagoon
Distribution of major soil types in the watershed

Land use in the watershed

Definition of the subsvgtems:

- areas set off by distinct water circulation patterng (eege
coves and baysy; channels with the lagoon); areas with dis-
tinct biclogical characteristics (e.ge macrophyte beds,
sand or mud flats, marshes, free waters, mangroves, oyster

reefs)e.

Spatial and temporal varlability

Spatial and teomporal variability in a system will be measured in a
number of areas in the lagoon, in at least 1| offshore station and
in water streamse At least one station shall be made in each major

ebb system in the lagoon.

- biomass estimates monthly over one annual cycle and major
mecrophytes in the lagoon and in surrounding marshese.

= chlorophyll: a weekly meacurement in surface and bottom
water and in surface (top 1 cm) sediments over the lagoon
(particulate carbhon and nitrogen 1if possible)y, during an
annual cycles Blooms should be examined visually to deter-

mine major groupse

- zooplankton biomasgss biweekly over the annual cycle - peak
periods should be examined visually to determlne wmeaJjor
groupse Replicate oblique or vertical hauls should - used
and occasional night samples takene

- major nutrients (NH3zy NO3y PO4y DOPy S1(OH)¢y pPOr.ad JON)
measured in surface and bottom water biweekly over the
annual cycley along with salinity (to * 0.1 parts per
thousand) and temperature (to ¥ 0.,19C).

- major shellfish species—biomass estimete, size and repro~-
ductive state.

=2 AT




ma jor finfish-size, agey structure and reproductive state
of a representative subsemple of the population. Routine
weekly or bilweekly seine, elll net or trawl samples can
pinpoint the migration times of major species as can local
commercial catche As much use as possible should be made
of local internal knowledge of the lagoon. This may be
especially helpful for fisheries. In some cases, it may be
worth the effort to estimate population sizes of fish and
other mobile animals in the lagoon using mark and recap-

ture techniquese.

suspended sediment should be measured biweekly in the riv-
ers and periodically over tidal cycles in the lagoon. Good
aerial photographs and satellite data may be especially
useful.

particular attention should be paid to storm events -~
strong winds, high river discharge, etcey to measure their
effect on nutrient levels, suspaended sediment, detrital
Inputsy etce

Physlcal forging fupctions

tide gauges (or at least tide staffs) should be installed
near the breakway and near the oxtremes of the lagoon.

basic meteorological data should be collaected on a routine
bagis for correlaetion into hydrographlic and ecological
data - wind and rainfall may be particularly important as
slte specific parameters. Barometrlic pressure, air temper-
ature and solar radiation may be available from nearby
stationse

freshwater inputs should be gauged and gauge inputs deter-—
minede.

estimates of freshwater sheet floor runoff should be made
at different times of year on land surrounding the lagoon
using small welirs. Chemical analysis of sheet flow water
should also be made. An estimate of ground-water flow
should be attempted if there is a reason to suspect that
it may be important, ee.ge from temperature or salinity
anomalies in the lagoone This may involve the drilling of
a number of small wells around the lagoon.

an estimate of the flushing rate of the lagoon under dif-~
feront conditions of freshwater input, wind and tide 1is a
first order taske. In some cases where the lagoon 1s large
or 1ts geometry is complex, it may be most meaningful to
make measurements of flushing of various argas of the
lagoone



- gas exchenge ostimates for oxygen (and perhaps COz) should
be obtalned for the air-water interface in varlous areas
of the lagoon under various conditions of wind and tilde so
that oxygen changes can be used for metabolic estimates in
the lagoone The floating dome method ls probably the best

used to obtain these data.
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Fige 4 The 1lagoon as concentrating mechanism and controllable
interface between land and sea.

Metabolism and nutrient cvcling

- +the total metabolic balance of the lagoon should be deter~
mined biweekly over the annual cycles If flushing 1is
absent or minimal, the free water diurnal curve method is
probably the best way to measure the tidal energy balance
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(autotrophic ves heterotrophic) in the system (oxygen
diffuslon can be corrected for using the gas exchange data
discussed above). 1f the dirunal curve method cannot be
useady, or to provide a more detailed partitioning of meta-
bolic activity, the plankton metabolism of the water col-
umn should be measured using Oz changes (and/or 14C method
for production) in vertical arrays of bottles in situ or
ashore in a 1llight gradient boxe Macrophyte {(including
seaweeds) metabolism lsg best measured over longer periods
using growth increments. Sediment metabollism should be
measured bi-weekly or monthly using in situ bell Jjars in
large areas taken from the bottom and brought into the
laboratorye. Nutrient fluxes between the sediments and the
water should be measured simultaneously. With care and a
good quality (+ 0.001 unit) pH meter, i1t is also possible
to measure CO; fluxes at the sediment-water interface.
Particular attention should be given to measuring produc-
tlon by benthic microalgae, perhaps using 1*C method.
Nutrient changes in the water column should be included as
well as oxygen production and consumptlion and !%C uptake.
Inputs of organic matter from marshes and mangroves are
difficult to measure, but should receive attention. Little
pam and trap nets may provide some informatione

data on metabolism and nutrient cycling should be combined
within the framework of material budgets for the lagoon.
Attention should be directed towards using the data to
determine the total annual primary production and its dis-
tribution among the major sources and comparing 1t with
inputs of organic matter from outside the lagoon. Does the
lagoon import or export nutrients and organic matter? How
much of this primary production 1s supported by internal
nutrient recycling and how much is based on new inputs of
nutrients? Vhat fraction of solar energy falling on the
lagoon is being 1lncorporated in organic matter? What pro-
portion of primary production i1s being 1incorporated into
animal tissue 1in secondary production? How much of the
organic matter is being exported as detritus or as migrat-
ing animals? How much is being buried 1In the sediments?
The last question, of course, requires a knowledge of the
lagoon sediment budget and sedimentation rate. The latter
may be determined from bathymetry changes, radloactive
isotopo profiles, or the sediment budget.

BPhyasiological studies of ma.jor components

since lagoons are variable salinity environments, particu-
lar attentlion should be paid ¢to the effects of salinlty
and salinity changes 1in the physiology, reproduction,
growth and behaviour of major specles.
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- slince lagoons are often sedimentary environments in which
organic matter accumulates, low oxygen or anoxic condl-
tions often prevail, and studles of their effect on physi-
ology would be usefule.

degradative pathways in lagoon sediments
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Fige 5 Degredative pathways in lagoon sediments

The effect of low oxy.en in certain geochemical cycles 1is also
important, particularly in the sediments.

Experimenial ecosvetems studiles

A number of ecosystems processes may be studied by experimental
manipulations of the natural systemse For example, the effect of
fish predations on bottom communities may be examined by using
cages of varying mesh size to exclude different sized predators
from the bottome Alternatively, small replicate lagoon microcosms
can be developed in tanks on land in which natural lagoon sedi-
ments are placed along with varying densities of predators. Vhile
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there are certainly many limitetions to these approachesg, the
experimontal fleld plot and the experimental microcosam are galining
increasing area and +they can teach us a great deal about the
dynamics of a natural system as well as help us to anticipate its
probable response to future perturhations, such as different
salinity regimes or nutrient additi~ase.

How do we study a new lagoon®?

An author hag written that more could be learned from studying
oxygen in e lake than any other elementy, and the same statement
probably applies to lagoons. Oxygen concentration, and change in
oxygen concentrationy; can be used to determine: physiological lim-
its for many aeroblc species, rates of photosynthesis and resplira-
tiony contributions of other environments to the food chains of
lagoonsy, conditions for many chemical transformations and so on.
It 1s important to sample oxygen over space and time. A recom-
mended plan 1is to sample over 24 hours at 3 hour Iintervals at
seloected stations throughout the estuarlies at biweekly intervals
over a yeare. As the basic patterns are determined and objectives
clarifiod a less intensive sampling eschedule can be devisede.
Free—water oxygen methode can be used where water exchangoe 1s low
to measure photosynthesis and reepiration, and estimates of plank-
tonic and benthic contribution can be gained from light-dark bot-
tle methods and the benthic chamber (see Holland Noll, 1975, for

an introduction to these methods)e.



TASK GROUP III - Potentlal Uiillzetion of Coastal Lagoeons
INTRODUCTION

Lagoons have been historically 1mportant as sheltered sites of
habitation providing access to both the land and the seae. Not
only are they important for transportation, they also provide nat-
ural food resources rich in proteiln and easy dumping places for
waste materiale. Some of these multiple uses are compatible; oth-
ers are note It ie important that the maximum benefit from these
areas be obtalned without jeopardy to future options or continued
use. To achieve this purpose, i1t 1g first necessary to acquire a
knowledge about the systems producing renewable resources and how
they are affected by both natural and human alterations.

A first step in defining these requirements is to list the
potential uses to which a lagoon with its resources may be used
(Table 1). These are grouped into 9 categories with titles and
abbreviations. Not all of these uses are applicable to any par—
ticular lagoony however this list may be modified to represent any
specific site. These 9 categories form the basis of a multiple
use interaction matrix shown as in Table 2.

The lagoon environment should be viewed as essentially ephem—
eral and transitory over a long term period. Natural changes
resulting from geological/physical/chemical factors and the influ-
ence of climatic changes will alter the essential character and
hence the ecosystome These natural changes should be borne in
mind in planning research for better understanding and utiliza-
tione

In Table 2 those uses which affect sthers are further identi-
fied by reference numbers (1) andfor (2). Number (1) signifies
that the effect iz essentially a non-blological perturbatione.
Number (2) signifies that the perturbation will affect the ecosys—
tom and hence those beneficial uses depending upon the renewable
living resources, essentially a problem demanding a community
dynamics approach.

Vhere (1) and (2) are both used the problem calls for an analy-
sis of the whole ecosyetem, le0ey an interdisciplinary approach.
These distinctions are not always clear-cute Each of the identi-
fled problem areas is discussed belowe.

Harvegt

Harvest, Recreation and Aestheticss Conservation and Storm Buffer~
ina

These interactions describe the trade-offs encountered when natu-~
ral living resources are harvested commercially from a Llagoone.
Commerclal harvest of a species may alter the harvest of interde—
pendent speclese. Addi tionnally it is possible that a particular



Iable 1 - Poiential uses of lagoon hased resourcas

Potential use Iitle (Iable 2)

Fish

Invertebrates

Turtles Harvest (a)
Mammals

Birds

Plants

Aguaculture

Fish

Invertebrates

Turtles Aquaculture (b)
Mammals

Birds

Plants

Non-living resourcesg

Raw materiels
Sand

Shell

Phosphate

Nitrate Ninerals (c)
Salt

Coral

Sulphur

Vater

Hydrocarbons

Rock

Lagoon arean development Reclamation (1)
Services

Recreation and aesthetics Recre & Aesthe (d)
Transportatlion Transportation (e)
Congervation and buffering zones Conge & buff., (t)
Dumping : Dumping (g)
Energy generation Energy (h)

Reclamation
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Iable 2 - Multiple use matrix showing intercompariment effects

Scoring wvas determined by asking the question: will the use of &
lagoon for one activity affect the environment in relation to its

use for another activity?

0 = no recognized important effect
C = possible effect (s8) which are site specific and warrants fur-
ther investigation
+ = a recognized generally beneficlal effect
- = a recognized deleterious effect, slte gspecific, and warrantgs
further investigation

1 = Geological/physical
2 = Biologlcal processes
a = Harvest f = Conse & Butf,
b = Agquaculture & = Dumping
c = Minerals h = Energy
d = Recre & Aesth. 1 = Reclamation
e = Transport

a b c d e £ f4 h i
HARVEST Cy2 0 0 Cy2 0 Ce2 0 0 0
AQUACULTURE Cqs2 + 0 0 0 0 0 0 0
NINERALS "'1'2 0.1,2 Cyl C,1,2 + -91 0 0 0
RECR. & Cyl,e2 Cely2 0 0 Cely2 O 0 0
AESTH.
TRANSPORT Celye2 0 0 o Cy1l 0 0 0
CONS. & + 0 0 + 0 0 )] 0
BUFF.
DUNPING Celye2 Cyly2 Ce1 Cyle2 0 0 0 0
ENERGY Cely2 Cy2 0 0 0 ] 0 0
GENERATION
RECLANMATION -91 -91 -ol -1 -yl =1 -1 =41
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gpecies ig harvested to an extent (for example clearing a mangrove
sSwamp ) that ¢the aesthetic and storm buffering benefits are
decreasede. Biological research into food web dynamics and physi-—
cal research into storm energy dissipation will be required to
analyze accurately the processes occuring in these situations.

Aguaculture: Harvest

Aquaculture may reduce the yield of the commercially harvestable
fishery by removing from the natural system the area allocated for
aquaculturee. Some research hes 1indicated a positive correlation
betwaeen fisheries harvest and wetland area in a lagoon, conse-
quently any aquacul ture project will have to be judged with this
trade off in mind. Research in this field wilill basically involve
food webh dynamicse

Minerals: Harvest, Aguaculture, Minerals, Recreation and
Aesthetic, Conservation and Storm Buffering

This serles of interactions involves the relationships between the
extraction of minerals or fuel from Llagoons and the harvesting of
renewable resourcese. It also considers the impact of storm buff-—
ering capaclity and aesthetic benefitse. Mineral extraction often
involves canal digging in wetlands, wotland lossy, development of
large and deep pits, and the production of highly turbild water.
It is assumed that these actions will affect the productivity of
the lagoon and consequently alter the wildlife, aquaculture, rec-
reation, and storm buffering potential. An additional interaction
involves a mineral-mineral interaction. This may be exemplified
by sand minlilng in such large gquantities that the use of the area
for gsalt producticn 1s limited. As the 1impacts associated with
mineral extracticn involve hydrological, geomorphological, and
biological modificationsy, a multidisciplinary approach by hydrog-
raphers, geologists and ecologists will be necessary to analyze
these offectse.

Recreation: Aeathetics, Harvest, Aguacultures, Conservation and
Buffering

Recreation and Aesthetics are important activites which are essen—
tial for man's well-beinge. These activities could be detrimental
to the environment if they are not carefully pursued. These pos~-
sibilitles are identifled in the matrix as deserving critical
studye Theese are: harvesting of llving resources, both uncul+ti-
vated and cultivated, and thelr effect on nature preserves and
buffering zonese. Various pollutants resulting from man's recrea“
tional activities, for example petroleum products, and the bypro-
ducts of combustion reesulting from boating could be harmful to the
biota 1i1f they exceed certailn levelse. Another example 1s the
destruction of nature reserves and buffer zones through intensive
recreational use as occurs in natural regervese.



Iransvortation: Harvests, Conservatlon and Buffering

Transportation is another area of activity which could affect tha
environmente In thils cese, water—borne transport, including
boatsy, shipsy, submarines, seaplanes, and amphiblous craftsg, is
involved. For example, development and dredging of channels could
lead to changes in flus'ing time, water currents and stratifica-
tion which are of importance for some species within the ecosys-—

teme Consequently, the production of living resources both in
areas where they are harvested and in conserved areas could be
adversely affoectede. Transportation may also affect nature

reserves and buffering zones el ther by direct invasion or by the
energy of wakese

Cconservatlon and Buffering

Ve cannot identify any serlious cases where the creation of con-~
servation and buffering areas has altered the environment in rela-
tion to its use for another activity. It does, however, prevent
those specific areas from alternate use.

Dumping: Harvest, Aguaculiure, Minerals and Recreation, Aesthetics

Dumping of residential, industrial, agricultural and commerical
wastes may cause physico-chemical and biological alterations in
lagoonse. Such additions might be elther beneficial or deleteri-
ouse This to a large extent depends on the nature and amount of
materials dumpede. For exampley, the kinetic response of tane organ-
isms to residential wastes that are essentially bilodegradable
would be different from that of the industrial, agricultural and
commorclal wastes that contain heavy metals, pesticides, herbi-
cldesy, otce Vagtes alter the chemical environment, induce compe~
tition between specles, cause variations in temporal and spatial
progression of species and eventually the size spectrum of domi-~
nant phytoplanktone. Needless to say, the trophodynamics in the
lagoon will be altered.

Industrial and commercial wastes besldes altering the chemical
milieu, can also cause changes in. temperature and density struc~
turee The impact of temperature elevation will be site specitfic
and seagonale. Populations of tropical lagoons may not be able to
tolerate the elevated temperature while in <the colder northern
latitudes growth of the populations will be accelerated.

Bioaccumulation of toxic chemicals along the food webs will
algso occursy should the wastes contaln pesticides and heavy ele-
mentge Massive blooms of algao, humic materials, color of the
offluents and the odour of the wastes will have a negative impact
on the aesthetlics and the recreational value of the lagoons.
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Enerzy: Harvest, Aguaculture

The use of lagoons as & source of energy would be of considerable
value 1in view of the rapid depletion of the more traditional
hydrocarbon sources such as petroleum and coal. In lagoons with a
vast tidal range, the reversing flow of tidal water could be used
for the generation of electricity.s Although there are already a
fow examples of such installations in some parts of the world
(eege 1n France) very little is known about the possible conse—
quences of such installations on living resources. Research which
would lead to the elucidation of the possible effects of such
installations on the environment would be worthwhilee.

Reclamation: Harvest, Aguaculture, Mipnerals, Recreation and
Aestheticsy, Iransport, Conservation and Buffering. Dumpings Energy
Geperations otce.

Reclamation for residential, industrial, agricultural and commer-
clal purposes of lagoons amount to converting lagoon areas into
the adjaceut land. Beslides contributing wastes to the lagoons,
this will change the flushing rates and exchange of water between
lagoons and thelr adjacent seas. The consequences of the altera-
tion of the flushing rates are severalfold and far-reaching on the
physical, chemical and blological cycles in the lagoons. Changes
in the breeding hebits, growth, and migratory patterns of commer-
clally important specles may occure

Geglogical/Physical/Chemical

Harvest. Aguaculture, Recreation, Iransporiation, Congervation and
Storm Buffering, Renewable Energy Extrusion

Long—~term natural changes in the geological, physical and chemical
foatures of the lagoon will be reflected by the living and non-
living resources of tho ecosystem. Examples are the effects of
silting, slowv or rapld changes in the amount of freshwater or the
inflow of seawater; the opening up of new channels connecting the
lagoon with the sea or the closing of existing ones. Such changes
may affect the environment in relation to almost all the activi-
ties ligsted in the matrix. These include harvesting of living
regources, aquaculture, recreational activities, transport, con-
servation and the use of a source of energye. In the 1long run,
changes in physical and chemical characteristics lead to the even—
tual disappearance of the lagoon itself, and only adequate study
will determine iIf action to prevent such disappearance be elther

desirable or feasible.

Climatic variations: Harvest, Aguaculture

Both short-term and long-term climatic variations affect the use
of the lagoons, particularly harvesting and aquaculture activi-



tlese. Some of the short—-term variations, such as floods and
offshore winds deliver nutrients to the lagoon that stimulate the
production processece Condi tions of excessive runoff also may
precipltate a chain of events as follows: increase in sediment
load —=> turbidity -——> reduced light penetration --> lowered pri-
mary productivitye.

Long—term unpredictable climatic variations such ags tidal
waveg, tsunamis and hurricanes might cause 1irreversible changes
through sediment loadingy, alteretion of flushing rates of lagoons
and production processese

Lagoons should be considered complex open systems with connex—
ion to terrestrial, atmospherlic, and oceanic realms. Changes in
any of these adjacent systems can influence ¢the function and
structure of the lagoon ecosystem itself. An example of this s
where runoff contains soil, fertilizers, pesticides or herblcides
from agricultural land and precipitates physical, chemical, and
biological changes to the lagoon ecosystem. Often soclio-~ and eco-
nomlc structures develop as dependent upon the structure of the
lagoon system itself. In this sense <the analysis of any system
should be at a level that includes the next larger surrounding
systemes Only in that way can the effect of system inputs and out-
puts be understood.

Identification of core problems is only the beginning of the
battle. Solutions demand trained scientists assisted by trained
technicians and at least a modicum of sophisticated equipmente
Nuch thought must be given about both choice and availability of
key personnel and the time needed and appropriate methods for
training indigenous personnel. These preliminary requiremente may
take five or more years before research is really underwaye.



IASK GROUE IV - Iraining end Educatlion
JINTRODUCTION

Three questions were posed as gulidelines to this seminar:

a) Vhat information is8s necessary for better understanding and
utilization of ccastal lagoons?

b) What research programme is needed to find this information?

c) Vhat tralning programme is needed to provide for the research

programme?

BECONNENDATIONS

It was established that ¢the goal is ¢to build a self-sustaining
capacity for on-goling research on the lagoon environmente. The
object 1s not +to teach but to progress with research and experi-
ence and to do the teaching which 1s necessarye The group recom-
mends:

) IS A projecty; which is to serve on a national or regional level,

should be organized as a multidisciplinary programme to form an
entity housed on the campus of existing universities or research
ingstitutions, and which should be as close as possible to a lagoon
sultable to serve as a focus for a case problem studye.

2e Three levels of people are needede.
a) Students of post graduate levels having a general scilence
background averaging about 22 years of age and working
toward a master's degreee.

») Sclentists who are already specialists, to serve as both
key researchers and teachers.

c¢) Technicians to be trained on the Jjobe.
Interdisciplinary research team structure 1is called for
and ongolng tralining in group dynamics will be necessary
to achieve thise.

¢ The establishment of a working group to prepare a handhook on
methodology for coastal lagoon researche
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ANNEX 1 - AGENDA
QPENING SESSION

Addresss JeDes Costlow

Introductory remarks:

Me Steoeyaert

Adoption of the Agendacs Pe Lasserre

PRESENT COASTAL LAGQON RESEARCH (2 days)

Session I

FeBe Phleger

JePeFe Zimmermann

Ge Allen/Me Nichols

Sesajon IL

Ee MNandelll

WeEe Krumbein

He Postma

Te Okuda

Session 111

Ye Helim

DeUeSe Rao

Ae Yanez

Ae Yanez

Physicsr geologys non-living resourcesg
Chairman: FeBes Phleger

A review of some general features of
coastal lagoonse.

On the 2lushing of well-mixed tidal
lagoons and their seasonal fluctuations.

Suspended sediment transport in coastal
lagoons and estuaries.

Chemistry,
Chairman: E. Mandelli

On the hydrography and cheailstry of some
coastal lagoons of the Pacific Coast of
Mexicoe.

Blogeochemistry and geomicrobiology of
lagoons and lagoonary environments.

Procosses in the sediments and in the
water—sediment interface.

Inorganic and organic nitrogen contents
in somo coastal lagoons in Venezuela.

Bliologv "A"
Chairman: Y. Halim

Coastal lakes of the Nile Delta
Lake Menzalah

Some aspects of the spatial and temporal
variations of phytoplankton in coastal
lagoons

Ecology in the entrance of Puerto Real,
Terminos Lagoon

Fish occurrence, diversity, and abundance
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of two tropical coastal lagoons with
ephemeral inlets on the Pacific Coast
of Mexico

CeleOs Olanyian A review of the potentialities for research
and fish culture in the coastal lagoons
of Vest Africa

Segsion IV Blology "B"

Chalrnan; BeOe Jansson

Be Oe Jansson Production dynamics of a temperate sea:l
the Baltic

ReRe. Parker Guidelines of ecosystem research in coastal
lagoons
Pe Lasserre Biological approach to coastal lagoons:

metabolism and physiological ecology

SeWe Nixon The flux of carbon, nitrogen, and phosphorus
betwveen coastal lagoons and offshore waters

EUTVURE OF COASTAL LAGOON RESEARCH

(An outline of research programmes for regional cooperation) (2
days)

IASK GROUP 1 - Rhyaics - Geology - Chemistiry
Chairman: H. Postma

Members: Ge Allen
Ee Mandelli
Te Okuda
FeBe Phleger
JePeFPe Zimmermann

IASK GROUP IIL - Bilological processes and Ecology
Chairman: B.0O. Jansson

Nembers: Y. Halim
Cs Hall
BeOe Jansson
Ve Ee Krumbein
Pe Lasserre
SeVe Nixon
Me Steyaert
Ae Yanez—-Arancibia



TASK GROUP ILI — Potentlal utilization of Coastal Lagaons
Chairman: A. Ben Tuvia
Members: Je.De Costlow

Ce Olanylan

ReRe Parker
Ce. Hopkines

IASK GROUP 1V - Iraining and Educatiopn
Chairman: Re.Re Parker

NMemberse: All participants
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ANNEX LI - LISY OF PARTICIPANTS

Ge ALLEN

Centre National pour l'exploitation des oceans (CNEXO)

Cente oceanologique de Bretagne
BePe 337

29273 - Brest Cedex

France

Adam BENTUVIA

Faculty of Science

Hebrew University of Jerusalem
Jerusalem

Israel

John De COSTLOVW

Duke University Narine Laboratory
Beauforty N.C. 28516

UeSeAe

Youssef HALIN

Faculty of Sclence
University of Alexancdria
Alexandria

Egypt

Charles HALL

Ecology and Systematics
Cornell University
Ithacay NeYe. 14850
UeSeAe

Charles HOPKINSON
Louigiana State University
Coastal Ecology Laboratory
Baton Rougey, Las 70803
UeSeAe :

Bengt Owe JANSSON
Asko Laboratory
PeOes Box 58

S - 15013 - Trosa
Sweden

We KRUMBEIN
Universitat Oldenburg

‘Poatfach 943

D - 29800 Oldenburg
FoePeGo




Plerre LASSERRE

Institut Universitaire de Blologle Marine
Station Biologique d'Arcachon

2 rue du Professeur Jolyet

33120 - Arcachon

France

Enrique MANDELLI
Centro de Cienclas del Mar y Limnologia — UNAM

Apartado Postal 70-305
Mexico 20 D.Fe.
Mexico

Scott ¥We NIXON

Graduate School of Oceanography
University of Rhode Island
Narragansett Bay Campus
Kingston, Rel. 02881

UeSeAe

Talzo OKUDA

Universidad de Oriente
Ingtituto Oceanografico
Apartado Postal 94
Cumana

Venezuela

CeleOe OLANYIAN
Faculty of Science
University of Lagos
Lagos

Nigeria

Robert Ne PARKER

Divigion of Fisheries & Oceanography
CSIRO

P«O+s Box 21

Cronullay NeSeV¥e. 2230

Australia

FeBe PHLEGER

Scripps Institution of Oceanography
University of Celifornia, Sar Diego
La Jollag Cae 920893

UeSeAe

Henk POSTNA

Netherlands Institute for Sea Research
Postbus S9 ‘

Texel ( Den Burg)

Netherlands
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DeSeVe RAO
! Flsheries and Marine Service
Marine Ecology Laboratory
. Redford Institute of Oceanography
! Darmouthy; NeSe B2Y 4A2
Canada

Marc STEYAERT

Division ot larine Sciences
Unesco Headquarters

7 Place de Fontenoy

75007 — Paris

France

Alexander YANEZ—ARANCIBIA

Centro de Ciencias del Mar y Limnologia - UNAN
Apartado Postal 70-30S5

Mexlco 20 D.Fe

Mexico

Dre JoePeFe ZIMMERMANN

Netherlands Institute for Sea Resgsearch
Pnstbus 59

Texel (Den Burg)

Netherlands
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No.

UNESCO TECHNICAL PAPERS IN MARINE SCIENCE

Incorporated with Nos. 4, 8 and 14 in No. 27

Report of the first meeting of the joint group
of experts on photosynthetic radiant encrgy
held at Moscow, 5-9 October 1964. Sponsored
by Unesco, SCOR and IAPO

Report on the intercalibration measurements
in Copenhagen, 9-13 Junc 1965. Organized
by ICES

Incorporated with Nos. 1, 8 and 14 in No. 27

Report of the second meeting of the joint
group of cxperts on photosynthetic radiant
encrgy held at Kauizawa, 15-19 August 1966.
Sponsored by Uncsco, SCOR, IAPO

Report of a meeting of the joint group of
experts on radiocarbon cstimation of primary
production held at Copenhagen, 24-26 October
1966. Sponsorced by Unesco, SCOR, ICES

Report of the sccond meeting of the Committee
for the Check-List of the Fishes of the North
Eastern Atlantic and on the Mediterrancan,
London, 20-22 April 1967

Titles of numbers which are out of stock

Year

1965

1965

1966
1966

1966

1967

1968

SCOR
WG

WG 10

WG 15

wG 10

WG 1§

WG 20

No.

10

12

13

14
18

Incorporated with Nos. 1, 4 and 14 in No. 27

Rcport on intercalibration measurements,
Leningrad, 24-28 May 1966 and Copcnhagen,
Scptember 1966: organized by ICES

Guide to the Indian Occan Biological Centre
(I0BC), Cochin (India), by the Unesco Curator
1967-1969 (Dr. J. Tranter)

Check-List of the Fishes of thc North-Eastern
Atlantic and of the Mcditerrancan (report of
the third meeting of the Committec, Hamburg,
April 1969)

Technical report of sca trials conducted by the
working group on photosynthetic radiant
cnergy, Gulf of California, May 1968 sponsored
by SCOR, IAPSO, Uncsco

Incorporated with Nos. 1, 4 and 8 in No. 27

A review of methods used for quantitative
phytoplankton studics; sponsorcd by SCOK,
Unesco

Year

1968

1969

1969

1969

1969
1970

1974

SCOR
wG

WG 10

WG 15
WG 10

WG 33
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