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Thcrc is a great range in many of the characlcristics of the lagoons which makc up 13 % of the 
world coasUinc, including sizc (a fcw ha up to 800,000), shape, annual tcmperaturc range , 
(rcsh walcr input , exchangc with the sen, anlhropogcnic inputs. and human uses. Whilc thcse 
diffcrcnccs appear to have a markcd influence on the spccics composition of lagoon 
ccosystcms around the world, Iherc arc al50 sorne rcmarkablc similaritics in nUlrient 
dynamics, the standing crop of phytoplankton, annual primary production , and fiSheries )' ields 
of man)' lagoons. For example , in man)' of the systems reviewed , Ihe annual phosphate cycle 
was similar in timing and magnitude . primary produclion amounted to some 200-400 g C m- 2 

yr- t, and fis herks landings were on the o rderof 50-100 Kg ha- 1 yr- t. There appears to be an 
empirical oorrclation between primary production and fisherÎes yields in a grea! variet)' of 
marine systems which ma)' be similar in slopc to thatlound in large lakes. However, the yield 
of marine systems al any give n level of primary production appears to bc lo-2(J limes greater. 
The yield of lagoon fishcries per unit area is oommonl)' as high o r higher than that from the 
most productive ooastal and offshore fisheries. 

Ouaf/ol. A ClO, 1982. Proceedings Internat ional Symposium on coastal lagoons SCORI 
lABO/UNESCO, 110rdeaux, 8· 14 Septembcr, 1981,357·371. 

Dynamique des nutriments, production primaire et rendements des pêches dans 
les lagu nes. 

Les lagu nes, qui 'lCCupe nt jusqu'à 13 ~ du littoral mondial , présentent des caractéristiques 
très variées de taille (quelques ha à 800000 ha) , de forme, de régimes thermiques annuels, 
d'appons d'cau douce , d 'échanges avec la mer, d'apports anthropiques ct d'amé nagements 
par l' homme. Bien que ces différences puissent avoir une in nuence marquée sur la 
composition spécifique des éoosystèmes lagunaires, à l'éche lle mondiale, il n'en demeure pas 
moins qu'on peut observer des similitudes re marquables pour beaucoup de lagunes dans la 
dynamique des nutriments, la production brute de phytoplancton , la production primaire 
annuelle ct les rendements de la pêche. Par exemple , beaucoup de s)'stèmes lagunaires 
prése ntent un cycle annuel de phosphate presque identique dans le temps et en amplitude ; la 
production primairc est oomprisc entre 200 et 400 gC.m- 2.an- 1 ct les rendements de la pêche 
sont de l'o rdre de 50 à 100 kg,ha- 1,an- 1• On peut oonstater empiriquement, pour un grand 
nombre de s)'stèmes marins, une oorrélation ent re la production primaire ct les rendements de 
la pêche qui rappelle celle observée dans les grands lacs. Cepe ndant, le rendement général des 
systè mes marins apparaît 10 à 20 fois plus élevé que dans les lacs pour tous les niveaux dc 
production primaire . Le rendement des pêches en lagune, calculé par unité de surface, eSI 
couramment aussi élevé, ou même plus élevé. que celui des pêehe rrcs côtières ou hauturières 
les plus productives. 

Octarlol. ACM, 1982. ACles Symposiu m International sur les lagunes côt ières. 
SCOR/IABO/UNESCO , Bordeaux , 8· 14 septembre 1981, 357·371. 
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INTRODUCflON 

Many papers dealing with lagoons bcgin by uying te deline 
them. The resuhs arc usuatly unsatisfyi ng, but the conti
nuing alle mpts reflect the fact that there are no generatly 
accepted crite ria which unambiguously scparate lagoons 
from bays, eswaries, marshes and othe r pans of the coastat 
landscape (Mec , 1978). While most authors seem willing to 
exclude the wide mouths of major rivers and the large 
inland seas from their working concept of a [agoon, there is 
Jess agreement about the inten idal port ions of the rcmai
ning shalJow marine waters that are scparated [rom the sea 
by sorne sort of barrier. In general, intertidal fl ats (where 
they arc present) sccm tO be considered pan of the lagoon 
(Cadée. Hegcman, 1974 b .. Barsdate el al. , 1974 a and b) 
while cme rgent marshes and wctlands are thoughl of as 
coupled systems linked 10 the lagoon proper by tidal flows 
(Nixon , 1980). But even allowing for thcse exclusions, there 
is a great diversity of geomorphology, hydrology , chem istry, 
and biology that have gone ioto the devclopment of lagoon 
ecosystems around the world. My hope in this paper is to 
emphasize sorne aspects of this underlying diversity wit h 
bric! examples and then to examine sorne of Ihe evidencc 
which is avai/able tO tell us if these diffe rences arc rdlected 
in various aspects of lagoon ecology. A comparative 
approach may bc helpful in dcciding which charactcristics of 
any particular lagoon arc unique and which more likcly arise 
from features and processcs common to coastal mari ne 
systems in general. 

CHARACfE RISTICS OF LAGOONS 

Shape and size 

Over 13 % of the world coastline consists o f shaUow marine 
waters tying be hind barrier spits or islands (Cromwell , 
1971). White Ihese arc the most common types of lagoons, 
therc are aise lagoons which lie bclween land and barrier 
reels o r mangrove islands, as weil as sorne 400 open oc~an 
atolls (Sournia , Ricard , 1975 ; Fig. 1). Even among the 

Figure 1 
Vorious ly~J of klgoons illdudillg (A) microridol bo,,~r JpilS of lM 
OU/er Bank.! of NOrlh CorolilliJ (USA) ",ilh Il l'try "'üû klgoollllnd 
kl rge eJmor~J; (8) lM ~sotidol coast of Gtorgio (USA) "'ith 
ex/tmi)·t soli morsh ,. (C) lM microridol coast of Ttxas (USA) ",ilh 
10llg lIorro'" logoons olld Iimired frtsh ... ·Oler illpm,. (D) Ihe 
mtJOlidol DU/ch Waddell Seo .... ilh IIl/Iny illlelS olld txrensi)·t 
inrerridal j/a1J .. (E) a • peTltel. coral 01011 01 FOllllillg IJklnd ill mid 
Pacifie; and (F) Il klgooll $el offby a frillgillg retforoulld Ont of Ihe 
Loccodi"e IJlonds in Ilu! Indilln OUlln . 
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Figure 2 
Differtnl torf/IJ of klgooll %ng tht Guerrero COIISI of Mexico (from 
YO!Ïez-A!o/ICibio . 1978). 

simplest of coastal lagoons there is much local diversity in 
sizc and shape , wilh addi tional complications causcd by 
various patterns of association with streams and rivers 
(Yafiel.-Arancibia , 1978 ; Fig. 2). 
On a larger scale, il is possible to distinguish belween at 
1cast IWO major forms of coastal lagoon (Hayes, 1979 ; 
Table 1). On micrOl idal coasts where the tide range is less 
than about 2 m, barrie r spits tend to be long and narrow 
wilh few inlets. Sediment is carried into the lagoon and 
deposiled on flood lide deltas as weil as o n washover fans 
inside the barrier during storms (Fig. 3). Well-known 

Figure 3 
Top." Cllar/eslo"'n fond. " microlidallogooll 00 Iht OUOII (OOSI of 
Rllode IJ/and (USA) .... /rlt only Olle illiel. a "'tll de>'flo~d Jlood ride 
dclla. IInd Wils/lol'er fallJ 010118 ,II/, barritr spi!. 
1I0110m: III/' lII/'sU/idal coaSI of Georgio (USA) ",illl freql'tlll inltlS . 
... 1'11 de,·t'Ioper! lIIaTJIl. and prolllint'Ill ebb ride dtflas. 

examples arc round along the coasts of New England, Texas 
and Mexico. Where the tide range is largcr (2-4 m) but wavc 
activity is not severe (Fig. 4), the barrier forms drumstick
shaped islands separated by frequcnt intets with ebb tide 
deltas (Fig. 3). Such mesotidal eoasts include well-studied 
areas like Izcmbek lagoon , Alaska, and the Wadden Sea in 
Europe (Fig. 1). The influence of tidcs and waves is 
rcflccted in lagoon flu shing rates, salinity and Icmperature 
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Table 1 
Seme gentral geomorphologic differt'lUS bt/wun micro/idal and mtso/idal barrier ulm/ds on C()(1St$ of mtdium wa,·t tMrgy (H '" 60-1$0 cm. 
From Hayes. 1979). 
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The inttraction ofwavts and ridts in dt ltrmining lhe nwrphological 
ctassijica/wn of a shortlinl'. For lhe moSI part, coas/al fagoons art 
found in arl'as of nwdtrau ro {ow wa,·t t lltrgy and wilh lido/ ranges 
Itss (han 4 m. From Hayts (1979), 

ranges, the amount of intenidal habitat , and a host of other 
eharacteristies. 
Just as lagoons differ widely in form, they range in sile over 
5 orders of magnitude , from a few hectares up to the 
800,000 ha Wadden Sea. For the most pan , howevcr, they 
arc rclatively small. T he median size of almost 100 lagoons 
discusscd in the recent literature ls 7800 ha (Fig. 5). The 
only common physieal characterist ic of lagoons appears to 
bc Ihdr shallow mean depth whieh , with few exceptions, 
ranges from about 1- 10 m. 

Temperatu re and salinl ty 

Sinee lagoons arc found al vinually ail latitudes except thosc 
in extrerne polar rcgions (Leonl'yev , Nikiforov , 1965; 

Figure 6 
DUfriburion of cooslllf ragnons around tM world, From 
flayes (1979), 

, 

Tidal FIood-tidal Ebb·tidal 
in le ts deltas deltas 

infrcquent large. commo nly 5mall to absent 
cou pied with 
washovcrs 

nume/ous mode rate sizc large with 
to absent Slrong 

wave 
rcfraction 
cffeelS 

" 
" OOf . """" . 4000 .. 

" 
, 

• "( O,.~,,,,,,,, ., 

• 1 0 
0 .. 
0 • " 
" 0 " • • • • " , r ,t> • 

• 

00 0' 0' , • '0" '0 '00 SOO '100 700 

S' lE " H E~VAL, •• • '0 ' 
Figure 5 
Sitt-frt qlltncy dios,am for Q number of fagoollJ de5Cribed ill (he 
'«l'ni li/t,alUre. 
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Hayes, 1979 ; Fig. 6), Oit fo llows that examples can bc found 
of seasonaltempcrature patlerns typical of tropical, tempe
rate , and arctic environments. And in ail of these cases , the 
generally shalJow depth of lagoons makes them panicularly 
susceptible 10 large dic1 changes in temperalOre (cg, Okuda 
el al., ; 1965 a.- McRoy, 1970 ; Kwei, lm). Similarly , the 
smaller volume of lagoons makes their salinity more respan
si'le to changes in fresh water input and evaporative losscs 
Ihan most larger marine systems. The input of salt water 10 
many lagoons is also highly variable as inlets through barrier 
spits open and close during the scasons in response to 
changes in long shore sediment transpon, wave atcae!.: and 
wate r level inside the lagoon, As a result, it is possible 10 
find lagoons with a great diversily of seasonal salinity and 
temperature patterns, including cases in which the waters 
bccome cxtre mely hype rsaline (Fig. 7). 
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Allllual lempera/ure - saUnlly polygons for diflutnt tj'pts of 
lagcHms. DaIa from AnanyfllOlu (/970) for LouisialUl, Pauly (/975) 
and Kwei (J9n) jor GhmUl, Smith (1981) Jor lIawaii, Nixon a/Id 
Lu (/981) jor Rhodt Is(Qnd, Y6Ml·Ararrcibia (/978) Jor Mako, 
Gamboo e t al. (/971) for VeneZlle/a, Tiulytr (1971) for Nonh 
Carolirw, and McRoy (1970) and Barsdalt el al. (1974). A/asko. 

land use and human &ctlvilles 

The .. land JO surrounding lagoon systems varies from coral 
tO mangrove swamp, [rom dcsert to lush salt marsh, and 
from glacial outwash to old fields and rorests. In sorne cases 
intense agriculture reaches tO the lagoon shore, in others Ihe 
lagoon edge may be lawn and garden from high dcnsity 
suburban houses ; in still others, marinas" shipping and 
industry many dominate the shoreline . Sorne lagoons 
receive $Cwage from major ci ties, sorne lake part o f the river 
diseharge draining vast induSlrial complexes. A few IlIgoons 
arc managed as salinas to produce solar salt while others are 
maintaincd at low o r pulsi ng salinity 10 produce fish and 
shellfish. 
Ilunlan acti .. itics have altered both (,c,s,h waler 11111.1 liah 
water inputs to many lagoons, liS weil as nutrient Joading. 
sedimentation. and the input of a diverse assortme nt of 
toxie mate rials. Our concept of lagoons must include 
Fanning Island Atoll in the Paci fie as weil as Oys!cr Pond, 
Massachusetts; the Laguna Madre of Mexico as weil as the 
Wadden Sea ; Izcmbck Lagoon , Alaska , as weil as the 
aneicnt eity· lagoon of Ve niec. 

COM PARATI VE ECOLOGY OF LAGOONS 

Gh'cn Ihe greal divcrsity of lagoons in terms of sizc, shape. 
nushing rate , frcs h water input . turbidity. sediment type. 
nutric nt loading, seasonal patterns and values of te mpera· 
turc and salinity , hum~1O aetivities, and probably many other 
fcatures. il would $Cern that few, if any. common ccologieal 
eharactcristies eould cmerge. Certainly the physical matrix 
must play a major role in delermining the taxonomic 
structure of lageon ecosystems, and it is obvious that speeies 
lists from a coral aloll , a hypcrsaline lagoon in Mexico, the 
Wadde n Sca , and a lagoon in Alaska will not bc very 
similar. But eommunity st ructure is an elaborately detailed 
and responsive expression of the ecosystem (Slobodkin el 
al., 1980). If we look at the underlying rates and paHerns of 
energy flow and nut rient C}"CIing whieh come about from the 
combination of physical and biologieal processes. there may 
bc more common ground. 
ln comparing the .. tOlal system melabolism " of the shallow 
bays and lagoons along the coast of Texas, Odum Il and b 
(1967) found Ihat thc overall nows of e ne rgy wcrc rcmarka· 
bly similar among cnvironments with different physieal and 
biological charaeteristies. Sufficient dala arc now availablc 
10 compare a greater number of lagoons from a much larger 
geographical range. Il is al50 possiblc 10 takc advantage of 
sorne of the more dctailed dala that arc now availablc tO 
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compare systems at a greatcr level o f funclional resolution 
Ihan just tOlal organic production and consumption . 

Nulrlents 

Phosphorus 

Like other estuarinc and near-shore marinc waters . and in 
eontrast 10 the ope n sea. most lagoons arc characterized by 
a summer phosphatc maximum ( Riley, 1941 ; Smayda. 
1957; Taft , Taylor , 1976 ; Nixon , Lee , 1981 ; Post ma, 
1981; Fig. 8). This pattern has been attributed tO the 
remincralization of o rganie matte r earricd into Ihe lagoon 
(rom an earlier offshore phytoplankton bloom (Postma , 
1981), and to the release of phosphate from the sediments 
where bouom watcrs become anoxie with summer stratifica· 
tion and high rcspiratory raIes (Taft . Taylor, 1976). How· 
eve r. the summer phosphale maximum al50 develops in 
systems which do not import organic matter from o frshore 
and in wh ieh boltom waters remain well-oxygc nated 
throughoui Ihe summer (Nixon etaI. , 1980). Il appenrs to be 
such a eommon feature of shallow marine systems thal ilS 
occurrence may dcpcnd only on the storage of an apprecia· 
ble amount of organic malter on the bottom which can be 
remineralizcd at warmcr temperatures and the resulting 
phosphate mixed rapidly up into the water column. 

Figure 8 
Annllal cyck of phosplul~ ill \'lIriouS WgoollS. Data {rom Nixon o/id 
ILe (1981) (l" d Nixoll Cl al. (in prtp.) for Rhodt Iswnd (- PI. Judi/h 
Pond ; .- ChurltSIOWli Pond), ThoytT (1971) /or North Cumli/M , 
A/lonymO/u (1970) /Or Lollisia'M (- TerrtbolllW Bay; - Baluta· 
';11 Bay). Oklldo ct al. (1965 a) IInd Gamboo ct al. (/971) Jo, 
Vt/ltzuefa (- Tacariguu LAgoon .. - Unllre LAgoOIl), TU'ldisi CI 
al. (/973) jor 8ra:iI, dt JOllgt and POSlma (1974) Jor tilt Wllddtn Stll 
ulld SI/lilh (1981) for HII ... llti. 

ln addition to their common seasonal pattern of phosphate , 
there appears 10 be a great similarity in the range of 
phosphate concentrations found in lagoons around the 
..... orld (Table 2). Of sorne 20 lageons for which ycarly 
nuuient cycles have bee n described, 8.5 % show an annual 
excursion of phosphate that remains within the concentra
tion range of 1·5 IJ.M . In order to capture 85 % of the 
lagoons in tcrms of their annual variation in inorganie 
nitroge n, the concent rat ion range would have 10 be 1·100 
l'M for nilrate and about 1· 15 IJ.m fo r ammonia (Table 2). 
The fact that nitrogen is takcn up and released in biological 
aetivities to a mueh greater extent than phosphorus conlri· 
butes to lhe smaller ampli tude of the scasonal phosphate 
e)'cfe , bUI it docs not neccssarily account for the similarity in 
average concentrations among the different lagoons. 
Il is eommonly assumed that sediments .. buffer JO the 
estuarine phosphate cycle (Pomeroy el al. , 1965), but this 
concept has not been reconcilcd with the growing body of 
data showing thal shallow walcr sediments vinually always 
rclcasc phosphate across a wide range of concentrat ions in 
the overlying watc r (Nixon el al., 1980). Il is also unclcar 
why differcnces in the loading raIe for phosphorus among 
lagoons. which must be qui tc large, have not resulted in a 
larger range in the ambienl concentrations. Since the 
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Table 2 
Minim u11I and f7ULfimu11I inmgonic mur~f1f ronunfTI:llions ( IlM) obsuud during an onnllol rycw in variolls ItlgoonJ. 

Norlh and $olll/{ A~rica 

Pt. Judilll Pond . RI (USA) ! 
PQuer Pond. RI (USA)! 
CllarlcSiown Pond, RI (USA) Z 

Greai 50ulli Day, LI (USA» ) 
Hempslead Da)', LI (USA) ' 
Pceonk Day. LI (USA) ' 
Core Sound. NC (USA)· 
Apalaehicola Bay. FL (USA) ' 
Barataria I»y. LA (USA) 1 

Unare Lagoon (Venezuela) ' 
laguna Grande (Venezuela) 10 
D~lI ia de Mochima (Venezuela) 10 

Tacarigua Lagoon (Vcneluela) " 
Ca naneia lagoon (Bru il) Il 
Ilcmbck Lagoon. Alaska (USA)!I 

Ellrop.: 

WHdden $ca (Net herlands. W. Germany) Il 
Thau Lagoon (French Mcdi!crrancan)" 
Mauguio Lagoon (Frencll MediICrranean) !j 
Oiana Lagoon (Corska) !. 

Urbino Lagoon (Corsica) !6 
Biguglia Lagoon (Cors ka) !. 
Marsala Lagoon (Skily) Il 

1 Nixon ~r al. (unpublishcd). 
l Ni.lon and Lee (198 1). 
l Buckncr (1973). 
• Mandclli tl al. (I970). 
• Bruno tl al. ( 1980). 
~ Thayer (1971). 
1 f:.slabrook (1973). 
• Anonymous (1970). 
• Okuda tl al. (1965 Cl). 

'" Ol.:uda tlol. (1968). 
Il Gamboa tl Cli. (1971). 
!l Tundisi tl Cli. (1973). 
!1 de Jonge and !'OSlma ( 1974); Ileider (1974). 

PO. 
0.22·1. 11 
0.09.0.6 1 
0.07.0.60 
0.10-1.70 
Q.68·1.38 
0.25·3.80 
0.10.0.45 

0.16-1 .42 
0.25.0.85 
0.09.0.78 
0. 1.0.8 

0.25· 1.6 
0.4·2.23 

0.9·3. 1 
1.52·4.58 
0.45·2.29 

(). . .., 
0-1.7 
0- 12.7 

0.()6.0.2S 

NO, NH. 
0. 13-4.95 0.10-2.l)J 
0.10-35.6 0. 16-1.64 
0.40-7.0 O··.., 
0.90-8.0 0.2-5.5 
0.50-3.0 
0. 10-3.5 0.9·2.0 
0. 10- 1.1 0.1·1.0 

3·l7S ~33 
0- 12.9 

0.1.0.6 , ... 
0.6-4.2 0.8-6.0 
0.3·5.0 0.8·6.1 
0.5·6.5 1.5·11.0 

().JO O·, 

().22 0-12 
1.03·4.8 
7. 1·37.8 0- 10.3 

().., 0-4.7 
(). JOO 0-6.0 
0- 1. 100 0-3.5 

O.œ.o.2S 0.53·3,4 1 

!. Vau 101 (pers. comm.); data from Frenell Na tional Sampling Survcy « RNO. 1978· 1979· 1980. Recueil d'Observalions. Minislry of 
Environmenl. CNEXO ~. 
" VaulOI (pers. comm .); dllla from Laporte ( 1978). 
!- Vaulo! (pers. comm .) : dala from Frisoni ( 198 1). 
Il M1Ig3nu (1977). 
!' Short (1981). 

scasonal cycle in the conce ntration o f phosphate and other 
nutrie nts is largely the rcsult of shifls in the ra te of mueh 
faster shon·term nut rient cycling processes, the rc lationship 
bctween these processes and nutrient loading must be 
worked out bcfore we will have a very firm understanding of 
coastal marine nutrient dynamics, 

Ni/roge" 

As with othe r coastal marine waters (Riley, 1941 j Jeffries, 
1962), the ratio of inorganic nitrogcn to phosphorus in 
lagoons is usua lly much lower than the 16: 1 round in the 
oceans (Redficld . 1934 j Thaye r, 1974; Buckner, 1973; 
Gilmanin , Revelante, 1978; Frisoni , Vaulot , 1981). This 
si tuation is pank:ularly evident during summer whcn large 
amounts of organic malte r arc bcing remineralized on the 
bollom. Measurements of inorganic nutrient fluxes acrOS5 
the sediment-watcr inte rface in a variety of nearshore 
marine environments have shown that the NfP ratio o f this 
flu x i5 much lower than Ihe 16: 1 usually found du ring 
pelagie remineralization (Nixon et al., 1976 ; 1980 ; Nixon , 
1981 a). This effect is compou nded by lower fresh water 
inputs (which a rc usually high in nit roge n relative to 
phosphorus) during summer and by the la rger biological 
uptake of nilTOge n relative 10 phosphorus. 
One conseque nce of th is Iow NfP ratio is the common 
observation that primary production in shallow marine 
systems is usually limited by Ihe avai lability of nitrogen , 
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< 
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ô 
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ralher than phosphorus as in fresh watcr (e. g. Schindler, 
1981). Direct measuremcnts of dcnitrification in coastal 
marine sediments havc shown that there can bc a substantial 
1055 o f fixed nit rogen during remineralization on the bollom 
(Scilzingcr et al., 1980) , but it is still nOI clear why nilTogen 
fixation is not a morc active process in coastal marine waters 
where phosphorus is abundant. 
Thcre arc except ions 10 the generally low NfP ratio of 
lagoon walcrs , including sorne nitrogcn·rich lagoons a long 

• 

::~I • 
, . , . , .' 0 

:~I 
Figure 9 
AllllljClI cyc~ of ni/rolt in vClrioUJ Itlgoons. Dtl/a /rom Ikt sotrn! 
SQllfCtJ ClS l-'igurt 8 Urtpl : Woddtrl ~Cl /rom Htldu (1974). 
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the coast of Venezuela (Okuda et al., 1%5 a ; Gamboa el 
al. , 1971) and many lempcrale systems such as the Wadden 
Sea during pe riods when there is a large input o f fresh waler 
(Helder, 1974 ; deJonge , Postma , 1974). In coastal oligolro, 
phie Medite rranean waters there is also evidence that 
phosphorus is the primary limiting nutrient (Berland el al. , 
1977), though the N/P ratio of several lagoons in the area 
appear low (Frisoni , Vaulot , 1981). . 
As noted earlier (Table 2), there is a greater variability in 
the concentration of inorganie nit rogen among lagoons than 
there is for phosphorus. Il is also more diUicult to identify 
any common seasonal patterns in the abundance of inorga· 
nie nitrogen except that high nitrate levels are usually 
associated with fresh water input (Fig. 9 and 10). In contrast 
to phosphate, there may also be pcriods during which 
vinually ail o f the ino rganic ni trogen is removed from the 
watcr column. 
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Figure \0 
AtUu.!al cycle of anrnumw in various /Qgoons. DolO from 
the- sartre sources as Figlue 9. 
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Figure 11 
Flux of ... aler Ihrough a narrow (/Ileon cross 5er· 
lion = 30"r) clwnnel cOn/lecting Potier Pond lagoon on 
the Rhodt J$/Qnd (USA) coast with lire seo. 1·lrere i.s 
cO' l5ideruble day-to·day ~·urwlion in lhe flood and tbb 
disc/wrgt and in lhe- nwgnimde und directiO/I of the 1/1'1 
waler flux . Mtasurtrtren l5 were nwde wilh a G..,wrul 
OCtanics currelll mtler al 3 dtplhs al 4 5taIWn.s. 
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Nutrient budgets 

Il would be extremely usefulto compare the annual or cven 
shonerterm nutrÎem budgets from various lagoons around 
Ihe world , but there arc few , if any , really weil constrained 
budgets of any male rial yel available from a lagoon. In sorne 
arcas, such as the Wadden Sea (van der Eiijk 1979), 
împressive progress has bee n made in this direction, and in a 
number o f othe r lagoons sorne preliminary analyses have 
also worked out (for example , Barsdate et al., 1974 a ; 
Nixon, Lee , 1981 ; Smith, 1981). But it is an extrcmely 
diffieult problem requiring considc ration of stream f1ow , 
surface run-off, ground water input, dry and wet atmosphc
ric faltoUl, anthtopogenic impacts, exchanges with the 
ocean through lidal inlcts, biologieal exchanges with the 
atmosphere, and recyeling within the lagoon itself. The 
direct atmospheric exchanges arc usually (but not always) 
relat ively unimponam , and inputs from land and fTesh 
watcr are often diseussed , but tidal exchanges and recyeling 
have rcccived less attention_ 
Wc have liu le knowledge about the relative importance of 
the open coastal wate rs as a source or sink for inorga nic 
nutrients or orgar.ic malter in different lagoons. In a 
qualitative se nse it may be possible to estimate the direct ion 
of net transpon through an inlet by comparing the concen
trations of material inside and outside of the barrier spit (e. 
g. Nixon , Lee, 1981), but the magnitude of flux is very 
difficull 10 dctermine (Boon , 1975 ; 1978; Kjerfve el al., 
1978 j Nixon , 1980). The problem arises in large part 
because the concentration differences bctween flood and 
ebb tides arc usually small realtive 10 Ihe imbalance in net 
water transport Ihat is virtually always obscrved (Kjerfve , 
Proehl, 1979; Fig. 11). T he net fl ux of waler Ihrough an 
inlet on any given lidal cyele is a complex function of fTesh 
waler inflow, tide , wind and barometric pressure ail acting 
over time. In orde r to gct a meanîngful direct est imatc of 
the .. average * transpon of any material through an inlet , it 
see ms neeessary to measure the CUITent fjeld in detail over 
many tidal cycles (e.g. Lara-Lara el af., 1980). The problcm 
is further complicated by storms which may dramatically 
alter the exchange o f lagoons with the offshore waters (Fig . 
12). 
Measurements of the nutrient cyeling rates within lagoons 
arc also difficult , and no thorough assessment of the 
remineralizat ion o f nitrogen or ot her material appcars to 
have yet been reponed for a lagoon syslcm. Il has, of 
course, been noted Ihat in shal10w water environmcnts such 
as lagoons the decomposition of organic matter on the 
bottom may be particularly important (Mee, 1978). Howe
ver, wi th the execption of a fcw measurements from Eel 
Pond, Massachusetts (USA) (Rowe el al., 1975) Ihere are 
no published data from lagoon sediments. Unpublished 
measurements from salt ponds on the ocean coast of Rhode 
Island (USA) suggest that shallow waler sediments will 

'0 •• 

Figure 12 
WUltr Itl,tl in POiler l'ond /Qgoon duri"g summer a/ld faU 
/980 as mea5ured by a Fisher-Porttr recordi,lg tide gouge. 
Ali readings art gil·en wilh rtspeci 10 Ihe mean for Iht 
perwd of record. Dranwlic highs and /ows ur" caustd by 
wl/ld and bUTOmelrir prtssure dl/ring fall SlorfflS . 
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Nel fluxes of ru:y~" . ammonia, and phospha~ acroS! lM sedinumr 
wa~r inltrface as a ftmclion of remperalure in POlltr Pond Iogoon. 
Measul'trnt!nlS wue mtJde in situ using dark chambers and 3.f1 h 
incubations. Regression jOr mud bol/om rnt!asurenumlS on/y. Dara 
{rom Nowicki and Nuon (in prep.). 

behave in a manner similar to those of eSluarine and near
shore eovironments which have been studied in much more 
detail (reviewed in Nixon, 1981 a). The rates of dark uptakc 
of oxygen and the release of phosphate and ammonia from 
silt-clay scdimems in Polter Pond , RI. (mean dcpth lm) 
wcrc strongly influeneed by temperature and indistinguisha
bic from raIes measured in nearby Narraganselt Bay (mean 
depth 8.6 m; Fig. 13). In fact , aCter comparing the 
magnitude of benthic oxygen uptake and nulricot rcgenera
tion in a variety of near-shore marine environments, it 
appears that sorne 25-50 % of the o rganie matter fixcd in or 
imported 10 the overlying water is decomposcd on the 
bottom of these shallow syslems regardless of the rclatively 
small differences in their average depth (Fig. 14). 
Thc rcmaining , major portion of nutricn! reeyclîng must 
take place in the water column, though it is still unclear 
whieh group of organisms is most importanl in this regard 
(Nixon, 1981 a). Recent work in a North Carolina lagoon 
system (Smith, 1978) as weil as elsewhere (e. g. Vargo , 
1979) has shown that excretion by the larger zooplankton 
cannot support much of the primary production. And 
earl ier views Ihat mierozooplankton were responsible for 
mOSI pelagie nutrient regeneration (e. g. Johannes, 1964; 
1969) have recently been challenged by studies showing the 
importance of baeteria (Darsdate et al., 1974 b .. Fenchel, 
Harrison , 1976; Wange rski , l m ; Harrison , 1978). A 
recem delailed analysis of marine planklon dccomposition 
by Garbcr (1982) has emphasizcd Ihe art ificial nature of 
mueh of the paSI work in this field as weil as the probable 
importance of autolysis in phosphorus cycling. His data 

NUTRIENTS. PRODUCTION AND FISHERIES OF LAGOONS 

indieate Ihat bacterial decomposition alone is probably not 
rapid e nough to remineralizc sufficienl nitrogen to support 
the observed rates of primary production. The resolution 
may lie in the interaction of bacteria and microzooplankton 
as suggested by Ihe experiments of Fenehel and Harrison 
(1976) . 
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Figure IS 
AssimiUlfion elficÛ!ncy 01 fM phylopwnkron in a varÛ!ty of wgoons 
arourul I~ world (numbered poims) comptlnd wilh lM annutll 
range observ~d in OIMr Iypes of CQQ.J{QI warers (ploted arbilrarily on 
abuUsa), a r~gr~$$wn lkv~/optd /rOm observations on II mtJriru! 
phyropUlnklon specÛ!s during exporu!nlitll growlh in I~ Ulborarory 
(bro~n fine ,. G/ov~r, 198Q), and a variery of offthon arul open 
oc~an measurernt!nl$ revkwed by Parrons and Tak4lJashi (JIJ73) . 
/)alll /rOm: 1 (Tiahu fa LAgoon, Moor~a Iswnd, French Polyru!sia, 
assuming Il h fjght, Sournia and Ricard, 1976) ; 1 (Vairao LAgoon, 
Tahiti, same as 1) ; 3 (Farming Island, Gi/bert Is!JlndJ, Gordon ct 
a1. , 1971); 4 (Kavarafli LAgoon, LAuadive IsUlmU, Arabian ~a, 
Quaslm et al. , 1972) ; 5-19 (Eastern Gulf of CalijOrniJJ Ulgoons, 
Mexico, GilmtJrtin and Rev~wnte, 1978) .. 10 (Inshor~ North Caro
fj/lQ Soumh, USA, momhly values over an annutll cycle, Tha~" 
1971) ,. 11 (Manguio Lllgoon, French Mediterranean, anflUDl mean 
QSSuming 1Z h @y, 50 % aClive Ch/ a - VauIot, pers. comm .• 
Frisoni and Vaulol, 1981) " ZZ (Biguglia LAgoon, Corsica, same as 
Zl) ,. 13 (Thau LAgoon, French Mediterranean. same as 11) ,- 24, 15 
(Diana and Urbino LAgoons Corsico, sarnt! as 11) .. 16 (San Quen/in 
LAgoon, Pacifie Coasl, Bap California, Mexico, June-July ffI(U

min, LAra-LAra et aL , 198Q ,. 17, 18 (Western arul Easltrn Wadden 
~a, annUQI range, Cadlt and Hegt mtJn 1974 a and b) ,- A (San 
Francisco Bay, CA, USA, a$$uming 6 m deplh, 9 and 14 h days, 
November and Augusi dalll , Clotrn, 1979) ; B (POri Valdeu, 
AIask4, USA, annual range, Goering et al .• 1973),. C (Narragan.sell 
Bay, R.I., USA, annual ran~ Durbin et al. , 1975) .. D (Surface 
waltr, lIearshore, Louisia/lQ, USA, annual range, Fuâk 1974) ; E 
(Bedford Basin, N.S. , Ca/lQda, annual range, Harrison and PUlI/, 
198Q),. Saanich Inlel. B.e. , Ca/lQda , anlll~al ran~, Hobson, 1981) . 
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Figu re 14 
AIII()tUl I of "'K(/tIi( m I/ lit' dt'(;flllrpostd mr (}rI' 

bOl/OUI Qf Il ""rin)' of (ousml muriue syslems 11$ 
Il ftmc!irm of Ilrt Qrgturic IIUllltr ftx ed i ll ull d 
imporled fQ Ilrt' OI'e")'illg ... alu. EX/lO/rded l ,om 
NiH'" (l98/a). 
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l'rlrtlllry produclio D 

l'herc scems to be a gencral impression that lagoons arc 
ell:ceptionally productive systems (Vannucci, 1(69). Howe
vcr, the data availablc suggcst that this is only partially truc. 
While the assimilation efficiency of lagoon phytoplankton 
may bc somewhal higher than common!y reported fo r 
marine plankton (Fig. 15) , the amou nt of carbon fixed in 
lagoons over an annual cycle docs not appear to bc 
signifieantly grealcr Ihan round in estuaries or productive 
near-shore marine waters (Table 3 ; Nixon , 1980 and 1981 a, 
b). Similarly, the very imprcssive amounts of organic malter 
produced in shallow scagrass and scaweed beds are usually 
redueed eonsiderably when apponioned over the entire area 
of a lagoon system. In fact, il is remarkable to see how 
si milar the magnitude of annual primary production is in 50 
man)' lagoons and ot her coastal marine systems that appear 

Tahlc J 

very dirrerc nt in olhe r rcspccts. Even in very shallow 
lagoons, reduced phyloplankton production is supplemcn
tcd by scagrasscs, benthie algae and epibenthic mierofiora , 
so that the total production re ma ins approximalel)' the same 
(Table 3). 
There are , of course, intcresting exuemes 5ueh as Izc mbek 
Lagoon in Alaska. Almost 80% of this system consists of 
intertidal nais with vcry productive eelgrass (Zos/ua 
mari/Ul) beds (MeRoy , 1970; Barsdate etaI.. 197413) which 
contribute sorne 8(X) g C m- l y-I 10 the ove rail system. On 
the ot her hand , more than 50 % of the Duteh Wadden Sea is 
co,,"ered by intertidal nais which have linle or no scagrass, 
and the bent hic micronora which do colonizc the area 
contribule only somc 50 g Cm - 1 y- 1 10 the lagoon as a whole 
(Cadée, Hegeman, 1974 a and b). The high eelgrass 
production of lzembe k Lagoon places it among the moSI 
productive coastal marine eeosystems, along with St. Mar-

l ' .w·/I/(I(/,S of Iht II/ml/al aqwnic l', i/l/a,y prodllelion in "arjOllS laguO/!\ (lrmmrllhl' "'or/If. /Jilin art fo' ph)'lopIIUJkuJ/! JI/JIi'sS IJOIed. 

Lalloon 

Charbtown "ond , RIlOdc Island (USA) 

Scagrass ' 
Macroalgac ' 
"h) loplankton 1 

t Icmpstcad Bay. Long hland, Ne\\ York (USA) J 

I\.lacroph}IC5 
"h)loplan~lOn 

Ch,ncOlcaquc Oay. l\.1:Jryland-Virgin ia (USA) ' 
Core. Boguc Sounds. North Carolina (USA) 

" h)'loplankton ' 
Macroph)tcs ' 

Norlh Inlct. Soulh Camlina (USA) 7 

Inshore Sound .• , G~'orgia (USA) ~ 
Apalachicola Ba). f'lorida (USA) ' 
llaralaria Ba)'. Louisiana (USA) ,n 

f> h)loplan~ton 

Ma~roph} I C5 

, IltOrn-M,llcr tf al. (m prcss). 
• Nnon and Lee (1981). 
) UdcU il ul. ( 1%9). 
• Ilo)nlon (1'>17-1). 
• rhu)c r (1971). 
~ Dillon (1971). 

Sellner ('1 al. (1976). 
, IL"nc) ( 1978). 
• !-..slabroo/" (1973). 

,~ Da) t'I al. (1'>173) . 
" Barsdate ('f al. (1974 a and b). 
'1 S .V. SmÎth (pers. comm.). 
" Sourni;. and Nicard (1975) cl{lmpolated. 
" Sournia and RÎc;,rd ( 1976). 
" Gordon tl (JI. (1971) cl{l rapolalcd. 
'" Krasnick and Capcron (1973) eXlrapolalcd. 
" Oa~im ~I al. (1'>172) c,\ lrapolu lcd. 
,. 1 undisi <'1 al. (]973), 
,~ Qasim (l970). 

gCm l )' r ' 
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I ze rn bc ~ Lagoon, Alaska (USA) " 

l'h)loplan~lon 

I\.lacrophyles 

K:IOcoJ)c 113). Ila\\3ii (USA) Il 
lakapoto Aloli (I-rcnch Polyncsia) Il 
Vairoo Uigoon (Tahili) " 
Tiahllra Lagoon (Moorea Island) ,. 
Fanning Island Lagoon " 
"ata Lagoon (American Samoa) '~ 
K:l\'araui AIOU, Lac-cadi\cs. lodian Ocean n 

" h)toplunkton 
l\.'Iacroph} ICS + corals 

Can;méill MnngrO\'e Lagoon ( Brasil) " 
Cochin Bad",,,tcr (India) ,y 

Waddcn S\:a (Nelhcrland ~, W. Germany. Dcnmark) 

l'hYlupl;,nklon)' l ' 

IIcnlhic '\' I icronor:, ~' 

'-ligh Veniçc UJgoon (ltaly) U 

Mauguio Lagoon (France) l' 
1 hall u ' gooll (rt~nccj 

lJ igllgliu Lagoon (Con.ica) II 
Diana Lageon (Cursica) :" 
Urbinu Lagoon (Corsica) l' 
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'" 

'" Cadéc and Ilcgcman (1974 CI'- open water phylOplankton of 100g C m 1 yr ' di\ided b)' 2 sine\: 50 % of Waddcn $ca is Înlcnida l naIs o'cr 
.... hich ph)IOplanklOn contribute 20 g Cm : yr ' Of an addÎlional 10 g C m-: )'r ' (or .... hole system), 
!, Cadéc and Hegcman (1974 b .- lOOg C m-: )' r-' o n flah d"ided b) 2 for "holc )ySlcm). 
~' ValO'3 (1960). 
:' J-risoni and V~ulol (1981) . 
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Anmllli cycles of phylopl(mk/Qn produclion În ~arit}Us lagoo,u. Data 
from Nixon and Lee (1981) for CharleSlown Pond, Rhode Island; 
Moll (/977) and Mandelli CI al. (1970) for Long Island, Thayer 
(1971) and Sel/11er CI al. (1976) for North and Soulh CarolifUl" 
Turner CI al. (1979) for Georgia. Cadée and flegmum (1974 a and 
b) for lhe Wadden Sea, Valova (1960) for Veniu, and Frisoni and 
Vauioi (1981) for lhe Frell~h Medilerranean and Corsica. 

garet's Bay , Nova Scotia, where phytoplankton and sca
weed beds produce almost 800 g C m-2 yr- I (Platt , 1971 ; 
Mann, 1972 a, b) , the moulh of the Hudson River estuary 
off New York City, where nulricnt inruts from urban 
scwagc support sorne 700-900 g C m- ye l of phyto
plankton product ion (0' Reilly el al., 1976), and the Gulf of 
Cariaco, where intense upwel1ing along the Venezuela coast 
sustains a product ion of 800 g C m-2 yr- I (Margalcf, 1971). 
For the most pan , howevcr, lagoons and olher coasta l 
waters appear to fix between 200-400 g C m-2 yr- J , despite 
great diffcrences in ail of the charaeteristics discusscd 
earlier. 
The distribution of primary production Ihroughout an 
an nuai cycle varies somcw hat according to latitude. and 
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Figure 17 
Compa risQn of Ihe onnual cyde of phyloplallkton and bell/hic 
microfloro producrion in lhe Wodden Seo (Codée and Negenwn 
19748 and b) and phyloplanklon o/rd nwcrophYle produ~(ion in 
Norlh carolinll , USA (Dillon. 1971). 
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Ihere are clearly sorne intercsting differences among 
lagoons (Fig. 16). For example, the mid-summer dip in 
phytoplankton production in the Wadden Sca during the 
year shown and the opposite patte rn shown by the two 
[agoons on Corsica (Fig. 16). But overall , the daily phyto
plankton production rates per unil volume arc of the $lime 
scale in mos! of thc lagoons where mcasurcmcnts have becn 
made. In sorne cases, 5uch as the north and south shores of 
Long Isla nd , New York and the Carolinas on the southeast 
coast of the US , the scasonal patterns of production in 
different lagoons arc virtually identical (Fig. 16). For thc 
few areas where the seasonal pattern of production by othcr 
components of the system has also been measu rcd, it seerns 
that the growth of macrophytes and benthic rnicroOora 
closc[y parallds that of the phytoplankton (Fig. 17 ; Dillon, 
1971 ; Cadée, Hegeman 1974 b ; Thorn-Miller el al. , in 
press). 

Primary production and nutrknts 

Since the concentration of nitrogen is generally considercd a 
major factor limiting primary production in eoastal marine 
waters (Ryther, Dunstan, 1971 ; Thayer, 1974) , it is interes
ting to compare the seasonal distribution of nitrate and 
ammonia in lagoons (Fig. 9 and 10) with the scasonal 
pattcrn of primary product ion (Fig. 16 and 17). The fa ct that 
the rates of carbon fixalÎon are usua lly highest during 
summer, when nitrogen is often least abundant in the waler, 
suggests thal any nitroge n entering the system is being 
rapidly removcd and/or Ihat most of the carbon fixation is 
being supported by nitrogen that has been somehow rapidly 
remineraliz.cd within the system. This point is made even 
more emphatically if primary production per unit volume is 
plotted as a function of inorga nic ni trogen concentration 
using data from a nurnber of differe nt areas over an annual 
cycle (Fig. 18). Whi1c there arc sorne periods, such as during 
a spring bloom, when primary production may draw on 
supplies of inorganic nitrogen (primarily nitrate) that havc 
nccumulntcd in the wntcr , it is clcar that therc is !itt le, if 
any , relationship between ambient ni trogen concentration 
and shon·tc rm carbon uptake during mueh of the year. This 
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Phy fOplollklO/1 prodl/CliOI/ and di.swlved inorgonic niuogen (NU., 
NOl and NO j lm/us tW/ed) concenlrIJlions al lhe lime of measure
melll in a "ariely of lagoons and olher coo$101 nwrine sySlel11J. 
Polygons descrifn an anllual cycle of meosurementJ. Dola from 
Goering CI al. (1973a and b) for Pori Valdeu, Alasko; Sruno ct al. 
(19&J) for Peconic Boy, Long /slal/d. N. Y. (assllming 8 m deplh, 
11 h days) .. Nixon and Lee (1981) for Charles/QwlI Pond, R.I. ; 
Durbil/ e l al. (1975) and Nixol/ el a l. (1IIIpub/ished) for lhe mid·West 
PusUlge of Narragansell Bay ; Thayer (1971) for fhe Core Sound 
area. Ne. ; Cadée and Hegenwn (1974 8 al/d b) and Helder (1974) 
for lhe Wadden Seo; Krusnick and Cape,on (/973) for Pala 
Logoon, American Sonwa; Gilnwrrin and R~velan/e (1978) for 14 
Gulf of Califomia lagoons in Mexico (NO j only) ; and Ricard 
(1976) for Vairoo and Tiahura LogoolI$ on Tahiti ond Moorea (NOJ 
ollly). 



s, W, NIXON 

,~ 

"n 'No, 
n , JO 'NO. 'NO, '~". 

.; 

" " • < • o • o 
" ~ 0', 

" , 
" 

• 

, 

.. .. 

• " " .. " " 
O'$$OlV(O INORGANIC NITROGEN, JoIM 

.. 

.. 

conclusion is also supportcd by the rclativcly few nit rogen 
budgets that have been developed for various coastal 
marine environments over various time intervals (Haines, 
1975; Furnas el al" 1976; Mee, 1978; Harrison , 1980; 
Nixon , 1981 a and b), 
There is a similar lack of correlat ion between average 
concentrations of inorganic nitrogen and the mean standing 
crop of chlorophyll in different lagoons, al least for systems 
in which nitrogcn levels exceed 0.5 ~M (Fig. 19). This 
behavior is in marked contrast 10 lakes, where Schindler 
(J978) found a highly significant correlation belween mean 
an nuaI phosphorus concentrations (the major oc limiling 
nutrient» in fresh water) and average chlorophyll concen
trations in some 80 different _systems. While the data SCI 
available from lagoons and estuaries is much smaller than 
that from lakes, it docs not seem likely that il will be 
possible to develop plots of primary production or algal 
sta nding crop as a simple function of nitrogen concentration 
(or pcrhaps even loading) in marine systems. Il is a common 
observation that large niITogen inputs can have a marked 
impact on local marine waters. But if nitrogen cycling and 
remineralization contribute much more to sustaining pro
duct ion in most marine systems than do inputs of oc new ,. 
nitrogen, it follows that wc may not be able to use nitrogen 
in the sante ..... ay that the limnologists havc so successfully 
uscd phosphorus (Dillon , Rigler, 1974 ; Vollcnweider, 
1976; Schindler, 1978 and many others). Again, it is evidcnt 
that the remineralization of organic matter is very tightly 
cou pIed with the production of new organic matter in 
coastal waters (perhaps more 50 than in lakes), and that the 
rclationship betwwen nutrient loading, ambient concentra
tions , and recycling is not weil understood. Most of our 
thoughts about eutrophication ha\'e been developed from 
studies of lakes, and at this point it is not at ail clear how 
appropriate they msy be for lageons, cstuarics, and other 
marine environments, 

fishuie$ yields 

Limnologisl s have also been surprisingly successful in fin
ding a relatively simple rclationship between primary pro
duction and the fîsheries yields of various lakes around the 
world (Oglesby, 19n). While there are certain difficulties 
with fisheries landings data (and with primary productivity 
data) , they reprcsent the only comparative information on 
secondary production availab1c from many different sys
tems. Moreovcr, aner reviewing the data from a large 
number of lakes, Ryder (1965) concludcd .. that catch is a 
reliable estimate of fîsh production dcspite the variables 
afrecting it ". While it is gcnerally assumed that there is also 
a relationship between primaT)' production and fishery 

• .. 

.. 

Figure 19 
Mtan (onctntratk;lfIs of chloroph,.fl a and disJof"td 
inorganie nitro~n (NH •• NOl and NDJ UUpl tl$ 
no~d) O"tr ,'ariow li~ ptriods in difltunf /agooru. 
DoID from Frisoni and Vaufol (1981) for NO, in 
/IItdi~"aMan /agoofIJ, 1 (/IIaugu. ÎiJ. FtOrt4ary-No.'em
/Hr), 2 (Biguglio, May-Nolltm/Hr), 3 (Tlulu, annual 
(}'(~). 4 (Diollil, annua! (}'(~), j (Urbino, /110,.
No,'em/Hr) : Sournio and Ricard (l976 ) for NO, in 
l'iohura (6) and Vairoo (7) /agoons during luly and 
AI,guSI : Qaslm ct al. (1971) for NO) in Kal'afalti 

141011 lagoon (8) during No .'tmber: Gi/marlin and 
Rt,'eumlt (1978) for NO) in GulfofCalifornio wgoofIJ 
(9-21) during lui,. and Augusl .. Buckntr (1973) for 
GuaI Soulh &y and Moric~s Bay (D) from !UM
Dtctmbtr .. Nixol/ and Ut (1981) fo ' ClulrltSlown
Gutn Hill Ponds (24) o,'u an annual cyc~ .. TIul,-tr 
(1971) for lM Cou Sound orto (2.5) over an annual 
(Jc/e : Day and StalOn (1979) Jor oroçkish warus in lM 
Bur(l/Qrio Htl$ùr (26-28) OVtr on annual qclt .. Cadtt 
alld HtgWlOn (1974) (lnd lit/du (1974) Jor lM WUlt rn 
(29) and Elmtrn (30) Wadden $t(l OVtr an an/mal 
cycle. 

yields in marine systems (e,g, Ryther, 1969 ; Hcmpcl, 1973, 
Sheldon el al., 1977), it has not been previously demonstra
ted. 
Since the fisheries yields of tagoons are so often described as 
being oc very» or even oc extremcly » productive, Ilhought it 
would be uscful to see how they compared with other 
c nvironme nts and 10 see if a relationship with primary 
production would be apparent once the necessary data were 
asscmblcd. If there ..... erc such a relatioDship, the fisheries 
yield of lagoons might be expected to be very similar to 
other coastal marine systems, since there is such a relatively 
small range in their annual primary production (Table 3, 
Nixon , 1981 b). 
There are obvious problems in Irying to make such an 
analysis, and it has probably not been auempled because 
the outcome scemed 50 unpromising. But the result is at 
once reassuring and remarkable. There does appear to be a 
relationship between the catch of fish am:! the primary 
product ion of marine systcms which is similar to that found 
in lakes -except that the fisheriC5 yield of marine watcrs at 
a given level of primary production i5 sorne 10-20 times 
grcater (Fig, 20), The reasons for this st riking difference 3re 
not denr, but il persists through systems ranging in sizc from 
a few hcctares up 10 Ihe total shclf and slope arca5 of the 
world ocean (Nixon, in prcp,). 
Unfortunately, the re are few lagoons for which both pri
mary production and fisheries data are available, Those for 
which an asscssment can be made seern 10 fall roughly 
within the range ..... e might expcct for productive marine 
sySlems (Fig. 20). Even without primary production , it i5 
very difficult to find lagoons fo r whK:h separate present-day 
fisheries statistÎCs arc obtained. Fortunatcly, a detailed 
collection of fisheries statistics was taken in the United 
States in 1879-1880 by G. Brown Goode and associates 
(1887) for the US Commi~ion of Fish and Fisherics. At that 
time much of the activi ty was centered on coaSlal rather 
than offshore areas, and the census for Long Island, New 
York . where there arc a number of lagoons and small 
estuaries was particularly thorough and specific (Mather. 
l887). il could even be argued that the lack of incorne taxes 
made the statistics more re liablc than they arc today. In any 
case, thc results of the Long Island survey give a dramatic 
picwre of the productive potential and variability in terms 
of fi sheries among a set of lagoons wilhin a limited 
geographical area (Fig. 21). The data arc not out of line 
with present day information on highly productive waters 
and show that the total yield per unit area of unpolluted , 
intensively fished lagoons can appreciably exceed that of 
such well-known fishing areas as the Peru upwelling, 
Georges Bank, and the North Sea (Fig. 20). If the landings 
of anadromous fish such as the alcwifc and migrating 
schools of menhaden which were atso often takcn in the 
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Figure 2Q 

TM rtWlionship btIWttl1 fisMr~s yitld (flfSl rt~unct) and tht' 
primary production (Mcond uftft'nct) ofa var~ly of mariTlt' sySttrTIS 
(poinl$ in sluldt'd art'a) compart'd with lM ft'gft'$Jion IiTlt' ck~·t'fof'l'd 
by Ogftsby (1977) /Cr simiklr data /rom klr~ frt'sh wattr systtrflS. 
Ran~ bors ,"IVt' bun addt'd fa lM mariTlt' data wMu pratlleal and 
lagoon syslf!rfIS haw bun circkd. Point Il rtprtMnl$ ~TIt'raf ran~s 
/Cr coral ntf JyJttrflS rtvit'wed by Marshall (1979) and iHVooys 
(1979). Olht'f mariTlt' syJ/trflS includt'; 1) Gulf of Finlamr (Thurow, 
1980; Lwig CI al., 1978), 2) Gulf of BQlhnia (Thurow, llM(); 
Acl«fors el al. , lm and lAslig CI al. . 1978), 3) Adrialle Sta 
(Gt'fIf'ral FiJMriu CoulICi/ /Cr tN ftfediltrraTlt'iln, 1980 ; Kvt dtr CI 
al.. 1971 and Pucher-Ptlkovic CI al.. 1971). 4) South &111e Sta 
(Thurow, 1980; Lassig CI al" 1978), 5) North St'il (Sltt'k, 1974), 
6) Scolum Sheff And 7) Seotion sl4pt, NW Allantic (Mi/Is, 1980), 
8) Georges &nle, NW A/lamie (O/.s(>n And Sliila, lm - ICNAF 
ZoTlt' 5 ZE, us And fortign flett ; Sherman ct al. , 1978, 9) Pl'ru 
Up .... tlfing (Paulile, 1971 • 1969-1970 cilrch), 10) LouiJuma flf'ar' 
short she//. USA (Bahr CI al., 1979; Sklar, 1976), 11) coral rtl'ft 
(Marslull/, 1979 ; lkVooyJ, 1979), 11) Black Sta, USSR (GFCM, 
1980 ; Sorokin, 1(64). 14) Long Island Sound, USA (upf'l'r 
baund - J88() carch from Goodl' CI al., 1887, lowt'f 1975 calch /rom 
NMFS arta 611 ; Rift y, 1956), 15) Nta rshore Rhodt' Island, USA 
(NMFS artA 5J9 for 1975 .. Rift Y 1952 and Fumas CI al. , 1976). 
16) Mid·Allanlic BiglJl (USA) - Cape Ilalltrtl$, NC fO Nantuckt'I 
ShoalJ, MA fO I()() m isobalh (Mcllugh, 1979-US cO/ch on./y, data 
from l'Arly I%()'J befort' fortign fkel .... 0$ importam .. ErTIt'ry and 
Uchupi, 1971), 17) Gulf of Carillco, Vtflf'Zllela (Margalt/. 1971), 
18) Caribbt/ln and GII/fof Maico (Margo/l'/. 1971), 19) &ralaria 
&y, LA, USA (Day et al. , 197J, production indudt'J macrophyI.tJ). 
10) Ptconle Bay, LI, USA (upptrbollnd - 1880 carch from Malher 
1887. 101ft! 1975 N.M.F.S. /andings ; Bruno CI al., 198()), 
11) CharltSlawn Pond, USA (upfXr bound wMn bay 5CallopJ 
abundam. IOM't'r wlthout Kaf/opl from R. Crilw/Crd, ptfJ, comm. ; 
Nixon And Lu, in prtll /lnd Thor~·MiIltr el al" /981, production 
includt'J macrophy~I), 11) North CaroliM Soumis, USA (Taylor 
1951 .. Tha}'tr, 1971 and Dillon, 1971, production inclufkl macrcr 
phylts), 23) Apalachicola &y, Ft. USA (National EJruary Srudy, 
/970, EJtabroole, 197J), 24) Slipmi &y, Japan (ffo~l$u, 1979), 
25) SelO Inland Sta. J/lpIUl (Ho~l$u, 1979), 26) Waddt'n Sea, 
Nt' /Mrlands, W. Germany (POSlma and Rauek, 1979; cadit and 
1It'~man 1974 a and b). T~ Mavy poinl rtprtstnl$ the world OCt/ln 
c/lrch if il is a.uigTlt'd 10 lhe lotal M'odd sMlf and !l4fX /lrt'/I (MoiMev, 
/97J: Plall and Subba Rao, /976). 

eSlUaries and lagoons arc incJuded , the yickls frequently 
exceeded 1000 kg ha- I. In the shallowcr 1agoons the major 
portion of the catch came {rom shelifish whieh spend thcir 
cntire li fc wi thin Ihe system, but it scems likely that mueh of 
their production is supported by an "auxiliary energy ,. 
subsidy from lida1 and wind driven currents brînging in 
organic maller fixcd over a larger area than the 1agoon ilsclf 
(Odum, 1967 b ; Nixon et al., 197 1). 
Whcn the his torienl data arc compared with rccent informa· 
tion from New York and Rhode Island lagoons , il is cvident 
that presenl day asscssmcnts may great1y unde restimate the 
productive potential of lagoons in developcd areas (Tables 4 
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Figure 21 " 
Landings of finfish and Jhellfish from I~ COIlJtal lagoons and 
tmbAyrTlt'nl$ around Long Isklnd, Ntw York (USA) in 1880. Cau:h 
data /rom MalheT (1887) di~idt'd by art'os obtaiTlt'd by lhe /lulhor by 
planin~"y of uses cham. 

t .,hl.: J 

Cmllpmisrm of fJ/lSI alld r«elll laml/ngJ of fillfish a/Id sht'fljùh /rom 
('0011/11 lagtHHJJ (JII I..mrg bla"d. Nt'w York (USA). 

Commercial and rccrcalÎOnal landings, kg ha 
1879 1960 

Gardincrs· Pcronic bays 

Finfish 76.8 24.2 ' 
Shcllfish 7.' 15.2 

TOlal , .... 39.4 
Greai SoliLh I)ay 

Finfish 1I0 b 8.1' 
Shcllfi~h 282 32.0 ' 

Tulal 392 4()':"1 
fo.loridlcs-Sh innecock nay, 

Finfish 216 35.8 ' 
Shcllfish JI 24.0 

Total "'7 59.8 

• /m;ludt'J 2 kg 11/1 l of "(fell/iol/nl ('(j/('h for GardilltrJ·P«rmic, IJ.5 kg 
ha 1 for Murldu:s·SIIlIlIIt'('ock. (/m/6.8 kg ha / fo' G'ft'D/ Sourh 8uy 
/8,i8&1, 19(5). 
~ I,Lcfudt's 45 leg h/J 1 of mt'"lwdtm. 
< Hurelllimrai Iwrd dum (,/Jlch - 1 % of comrTlt'rcial lamfingJ (Fo.r. 1981). 

Table 5 
Chalrgts 1/1 IILt' IIII/dlllgs of firrfish allli SILt'fljùh from /1 Nt'w Engwnd 
sail poml I/lIring Iht' PII!I I()() yt'arJ. From Clark (/887) and 
Crawford (f't'fS. comm.). 

LmKling.' from l't . JLldilh Pond . Rhode Island (USA). kg ha- L 

1879 1979 
nnfish 

Alcwivcs 325 0 
Smch 48 0 
While l'creh " 0 
Bass 3 < 1 
Floundcr 6 
Ecis man)' J8 

TOlal finfi~h > 430 - 25 
Shcllfi~h 

O)'slers sa 0 
Clams , 2 
Scallo~ 0 ().IS5 

Total shellfish " 2-155 

TOlal culch > 490 25- 180 
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and 5). Pollution , impropcr manage menl , and the eeono
mics of large-seale offshore fishing often mask the potenlia[ 
of waters which were once prizcd and Camous for their 
scafood. Therc is litt[e. if any, evidence that the primary 
production of such lageons has dccrcased during thc past 
100 years. and if they werc more effectivcly managed they 
might yet find their place along the tine of coastal marine 
systems shown in Figure 20. 
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