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PllUACE 

Thirteen years ogo the United Notions Conference on the flumon [nsir □ nment (Stockholm 
~-16 Jur,e ]972) adopted the Aot1on Plan for \.he H'-"lan Envieonmenl, incJuding the 
General Principles for Assessrner,l and Control of Marine Po1Jut1on. In the light of 
the result• of the Stockhulm Conference, the United Notions General Assembly decided 
ta est.,blish the United ~·ot1ons Environment Programme (UNEP) to "serve es a focal 
polnt for onviromental action and ca--ordlnation withir, the lk1ited ~ations syst""''" 
(General Aosembly re•olution 2997(XXYJ1) of 1~ December J97Z). The organi,etions of 
the Ur,!ted Notion• syst"" were invited "to edop\ \he measures thot may b• required 
to undedake concerted ond co-oedinated progrorm,es w1th regard to ,ntemotionol 
ensironm...,tol prob]oo,s", ond th~ '"intergo>PrMentol •n<f nor>-oovernmental 
arQaniza\ions thal hove an interest in the field of th• enviror,ment" were aho 
in,ited "to lelld theJr full support end colhbo,otiOh to the United Nation• with o 
view to arhie,ing the largest 
Subaeruenti 1 , the Governing 
areas in ..,J ch i I would focus 
ro] e. 

possihJ~ degree of co-operation enn co-ordinot,.on'". 
Council of UNEP chOse '"Oceans" as ooe of the priorit~ 

effoeh tn fulfi.l its catolytic and co-ordinatl"'l 

The AO<Jinnal Sea~ ProgrBIM>e was initiated by UNEP in 1974. Since then the Go,erning 
Council of UN(P hos cepeatedly endorsed e rogionol appeo~ch to the control of marine 
pollution ond lhe ~•naqement M marine and coastal resourc•s and has requesl~d the 
developmenl of regional action plans. 

The Regior,i,J Seas Progroo,rne at presont !nc!OOes eles0<1 region• Y end hos over 120 
coostal States parlicipoting in i\. lt is conceived•• an octlor>-oriented progrom,e 
ha,ing concern not only for the conaequences b~t oho for the causes of 
env1to"'1entd degradation end encompassing o coo,prehenBJve approoct, to C""1bating 
environmental probl..,.s thrnuqh the management of msrrne and cooatal areas. Each 
r~gional action plan is formulalecl accord1ng to the noods of the ,egion es percehed 
by the r.nv~rnments concerned. It !B designed to l.lnk assessmont nf the quality of 
u,~ marine enviroment an<' H,e causes of its deterioration with 
manaoemont end development of the ma,ino and coastal en,iroment. 
rrotno'.e the parallel geveloprnent or regi@ol legal agreements ond 
programme aetivi\ie,.l•. 

activities for the 
Th• ec\ion plans 

of actioro-orien\ed 

The idee for• regional 5outt, Pac1fic Env1rom,ont Manogement Programme cM• from the 
South Pacific Co"""issloo {SPC) in )974. Consultot10ns between $PC ~nd UNEP led, in 
1975, to the suggestion of orgamzrng a Sou\h Pacific Conference or, thP H'-""an 
En,iro,~,e-,l. The so .. th Pacific Bur~eu for lconomlc Co-operation (SPEC: and the 
[o,cnornic and 'indal Commisaion for Asia ond the Pacific ([SCAP) soon jnin~d SPC's 
initia,,ve and UNEr supponed \he devd~prnent of what became known es the South 
P•cific liegiona] Environmcr,l ProorSlmle !SPR[P) as pert of its RegioneJ. Seas 
Progranme. 

1/ ttediterranean, Kc,wa,t Action Plan Region, West and 
Coribbean, East l\sion s~a$, South-East Pocific, South 
of A<l•n, Eastern Africa, South-West ~tlantic and South 

Central Africa, Wider 
Pacific, Red Seo and ~ulf 
Asian See a. 

UNlr, Achievements end planne<f development of UNEP's 
anC comparable prO<_lrorrtAeS sponsorcO by other bodies. 
anC Studies No. l. Lt!EP, 1982. 

Hegional Seas Programm~ 
UNEP Reg,onal Seas P.eparts 
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ECOLJJGIGAL INTBl\ACJl()N5 5ETWEEN MANGROVES, SEAGRAflS BEDS, AND CORAL REEF$ 

Chailes Birkeland 

Introduction 

Coa•ul ecMy•tems hove been of putkuhr 
islander$ beeaus• i>landeu hav, always 
resourceo foT at le""t 90% of thdr aTiimal 

importance to tropical PacHk 
depended upotl coastal marine 
piotein (Joh.annos 19/7), The 

utional manage""nt of tropical coasul ~cosyste""' ohould be of "o<l.d,,ide 
interest because mangroves, seagrass beds, and rnral Ieof• ore ataong the 
m<>ot prnOuctive ecooyote,u, marine OT te<reatrial (Table l}, In a 
literature review by Lewis (1977, Table 2), •=gra•~ bed• and coral reds 
ranked higher in groso prlinary producthity pee m per y-..r than othr 
•cosySUIIIS, inclu<ling sugar cane field• in Java and the nutrient-i'nriched 
Peru currenL Mongrove ecosystems suppliod "1th allochthonous nutrient 
input produce comp•r•blo. levels of gross primary productivity (Lugo and 
Snedake< 1974, Tabb 2), Theae ttlree COMUI ocooyste.,. are al>o of 
i.nterost botau•• of their geo~raphic prevalence in the Patihc islands, 
These ecosy•t<'tmo provide or influence tl,e in,portant natural resource• for 
Pacifjc hlander•. 

According to Adom,; ot al. (1973), it io generall}' accepted thar 75-90% of 
marine co.,,,,ereial ond opon fi•h spedu d•p=<l on utuarin• hob;.tst• 
<lunng at l••s< part of thel.r life cycle. Even H rho oveilabillty of 
eetuarine ti&bitats is criticol for only one period i.n the life of an 
organu.,, the availability of the habitat io tmportant for the ,ucce,o of 
the population, Estuarine habitat> can be important for Ushe• and 
invertebrate, el.ther •• nurserios for juvenile•, a, a ,ourc,i of food for 
adults, o, both. 110,t of th• producthtJ.ty of estuarine haUtat• i> a 
result of the prodU<.ti<m of marin• vascular pl11t1to, mangrnveo, 
seagrasses or ,.._roh gr,..,u (Golley et al. 1962; Jul 1%2; t.P. Od= 
1961, 1971; Lugo ec al, 1913a,b; and Upecially lleald 1911 and 11.E. O,;J,,., 
1971 "'h:l.ch wore c.ited in Snedahr and ~ugo 1973). Sine• ..any COl'lllletcial 
and sport fishes aro depondent on estuaiino habitat> and since th• 10ajor 
portion of the produc.ticn,. of eotuarine habiuto io fr= mari1>e v0$cular 
plants, one 111:i.ght expect that the priA&ry production of marine vascular 
planu should be imporunt for fiohories. However, this do .. n't 
necessarily follm,, Jh• favorable infl.,.nc<> of .,._,ine va&culsr plonu en 
fisheries might not ho • direct r••ult of thou urge p<itwa.ry 
productivity but instead might h a rHult of their influence, toward• 
otobilizing th• physical enviroo."""'t, providing hbitat 81ld rdoge, 
contributing to tho duritd food chain through bacteria and other 
11:l.crobu, or fuo.ctioning in • role as subst.ata for epiphytic algae or 
bacteTia. If this is the c""e, then the pri""'ry productivity possibly 
could be utilhed mo"' effioi@ntly by Pacifk iol;mds and this is • major 
topic <hat "ill be addressed fo this report. 

'-'hethe, ne.ar$horo Ushedo are "'•inly influenced b)· •1.uine vasculaI 
plants through pri1U.ry productivity or by so- other foe tor, tho ~fl•c• 
is there, Skud and 1/J.l~oll (1960); Darnen (1958, 1961, 1%1); Syk.e, al!d 
Finucane (H66); Smith et al. (1966); Odum a-nd do la Cru~ (\961); lln<>d et 
al. (1969): lleald and Odum (1970); Cronin ot1d llal!oueti (1971): Odum and 
Heald (1972); Carr and Ada"'5 (l9J~); Snedaker and Lugo (1973); and Hedd 
(1911) and l,l,E. Odutn (1971), both c!ted in Snedaku and Lugo (Hll), 



documented the dependency of co ... ercial and sport fisha.-ies on utuuine 
systems in which the marine vascular pl!!nU were the major primary 
producers. Because of this, the est1"'8teo of the monetary value of marine 
vucula.- plant habitats are very high. For example, on the west coast of 
Florida alone, where the coonercial fish producticn, is dependent upcm the 
productivity and organic export !rom m..,.groves, the wholesale value o! 
c0111111ercial fish cauhes was worth $10.4 odllion in 1971 (Adam.a et al. 
1973). The eHi111B.ted value of fisheries is seveul times greater wh= 
oecondary economic benefits are taken into account. The mBngroves which 
support the fisheries would therdore be found to have a large economic 
value if t>OtleUry enimates were n,ade, lf estimaus wue made for the 
potential 111onetary v._lue of marine vascular plant co ... nnities to Pacific 
isl.>nd economies, the vall1<! would be high in Hlat1on to the total 
econoodes. 

The votential yield by artisanal fisheries of cord reefs and lagoons is 
of about the ,a.,. magnitude as is the offshore tuna harvest, at least for 
Micronuia (Johannu 1977). For example, tbe potentbl harvest of ,eef 
fish in hl._u by artisanal fishermen is bec-,een 2,000 and ll,000 C:ono per 
year "bile the C"-rchl skipjack tuna Usherhs of Palau harvested 
between 2,000 ._,,d 9,000 ton• annually between 1965 and 197,. (llitchall 
1975; Johannes 1977). 

There is a tremendous amount of literatun on mangroves, sesgraos beds, 
and coral reefs, but there is very little liteuture on inteucttons 
between these three coastal eco5y5Um.o. Bibliographies pertaining to 
mangroves (Thursood 1968; van Iine and Snedaker 1914; Rollet 1981) 
include over 6000 references. K.ent W. Bridgu (Departmo.nt of Bot<my, 
University of !lawaii) baa a bibliograJ>hy for se.agrassu with ovu 2(100 
references. A compar&ble oibliography for coral reefs would bs 11uch 
larger. Despite thls oven.helming mass of literature on these thne 
ernsystems, nearly al_! the pap<ers deal with particular ecosystem• or wUh 
interactions buween the panicular eco•yste:m and terrescrial or offshore 
env; ronfl>ents. 

Because cf the importance of these ecosystems to the peoples of the Souu 
Pacific islands as sources of protein and other resources es well u for 
logistic rea•ons, h1J111&n settlement and urb,n devel0pment Oil islonds hat, 
generally concentrated in coastd regions, e.spec!ally in harboro .,here 
they exiat, and along rivers ..,hicl, drdn into coastal areas nearby. So 
while coastal resources are traditionally the re•ources 11ost heavily 
utilized, they are also the areas which most directly and 111"1ediately 
feel the impact of ,.an's Oevelop...,ntal activities such ,.. land-clearing 
and pollution, An undustanding of how the coastal -ecosystems function 
and interact "Hh each other and "ith the abutting terrestrial and 
offshore areas is of primary importance as a basis on which to make sound 
rational decisions in developcnental a»d coastal zone resource and land 
1:1anagement m.atters. 

McNae (1968) suggesto that individual plants or species should be 
referred to as "mangrove" and the community es a whole s~ould be referred 
to as the "mangal". This has acquired fRirly wide accepunc~ among plant 
biogeographers (!!!inn 1982), but we scill do not see it commonly in the 
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transport substanti!il enough to affect the red eouounity is prnvide.d by 
M>!ye.r e.t al. (1983). They measured the growth nus M corals in areas 
o:here sehooJ.s of j"venile haemulid fishes ("gnmu") rHted during the 
day, in areas o,he.re the haemulids "ere &bsent, and in areas in i;hfch the 
haemulids were present during the first year, then experi .... ntally removed 
for the ne~t eight months. During the first year of ehe study, to:o coral 
heads (Porites furcau) near fish aggregations grew signihcantly faster 
than did a coral head no 11ore than 25 m away. Water samples !Jere taken 
,;-itlun a resting school of hll<'-..,lids in a coul he.ad and near a head in 
an adjacent area wHhout the fish aggregation. A significar,tly greater 
concentration of ammoniun, wao found in fish •!!&regations. No difference• 
""-re found between the two areas in concentrati<n>s of molybdate-reactive 
phosphorous. Sed!mone traps were also placed mtder a coral head o,ith an 
aggregation of fishes "'1d "nde:r another head <1ithout an aggregation of 
fishes. A signif:lcantly greater quantity of nitrogen "1!d phosphorous in 
addition to particles with significantly higher percentages of the"e 
nuerienes "ere collected frc,n, udiment traps under schools of fishes. 
The results from the first year of the study thus indicated that juvenile 
caniivorous fishes e>ccrete enough a"""oni.,,. and defecate enough particles 
wHh nitrogen and phosphorous frn seagrass beds to sigr,.Hicantly affect 
the coral reef co ... unity. 

The conclusions of the first yea,- of the study hy Meyer et al. (1983) 
wer~ bued on correJ.ations hetweE!!l the locations of fish aggngations, 
nutrient contenu of wat"-r ,md sediment, and gr""th rates of coral. Ar, 
aHeniative explanation for this correlation rnuld be that fishes 
agg.regated "'here corals gre"' fasteic l>ecause the pre9<!nce of nuui.,nt& 
from son,e source othu than fishes was ben.,fictal to both fishes and 
corals .. To test this alternUi\re hypothesis, the Hsh aggregation of 304 
Juveniles was re1MJved from one of the corals with a fish aggregation. 
Results from this seconil $et of tests did not support their original 
hypoth"-Sio rigorously. ThHe was no significant difference in gr.,,.,th of 
corals with and Yithout fish aggregations (t 1177 • 1.36). The authors 
said this was probably hec.ause of a decreased" nUlllbe, of gr..,ts (hae11ulid 
:'ishes) over the coral wHh grunts, more squirrelfish o,,.,_r the coral 
without grunts, and weather-related factor, were obscuring tl,e ettect of 
aggregations of gt"Ul'.lts. l-lhatever the confounding factOIS were, the 
e,tperimeot did not support conclusively the hypoth..,.is of fish 
aggregations in influencing the gr""th of the corals nearby. lt "ould he 
vorthwhile to ,epeat the experiment in che Caribbean b order to clarify 
the relative importance of the various factors in inHueoci•g the growth 
of corals. 

Assuming that fish "hich forage over sea.grass beds at night and rest over 
coral heads by day add a suhotantial input of nutrienu to the r~•f 
coi;i<nunlty and can significantly 1nfluenc~ th" gr"'1th of urtain coral 
head$ in the Ca;ihbean, we still cannot as sumo. that this same 
relationship will be found in the Pacific. ln!thl inrpreu•fons of fish 
co1:1munity structure in the PacHic suggest that the interacti<>ns bet>< 0 en 
coral re~fs and seagrass beds may be less substantive than in the 
Caribbean. The aggregations of resting haeinulids during t:h,, daytime on 
:reefs in the Caribbean are spectacular and appear freguendy rn tnivel 
brochures and photographic books about Caribbean reefs. Although rishes 
such as Gnathodentex. Mcmotaxis, bolocentrids and ~?ogonids may f<>niJ!e 



halos around reefs, In an elegant experiment (i.e., without the use of 
artificial materials sue!, as cages), Ogden et al. (1973) removed ovu 
7000 urchins from one patch reef and obsei,ved the rapid growth of benthic 
algae on formerly bare substnta on the patch red. However, Ogden et 
al. (1973) and Ogden (1976) did commo.nt that herbivorous fishes in the 
area of their studies were under inten,e fishing pnssure and their 
abundances may be unnaturally low. 

Hay (1981) and Hay et al. (1983) found that over 90% of the -terhl 
grazed from Thala,,ia near coral reds was taken by herbivorous fishes, 
Urchins removed le•• than lOt. In further wort in widely scattered areas 
of the Caribbean, Hay (J.9Blia, b) found that urchins were relatively 
influential on benthic plant co111111unities in areas where fishing pressur"­
by man was intensiw and fishes were by hr the mo,t influential on 
benthic plant co""1W\Hies in 111ore priatine or "natural" areas IeH 
heavily Hshed by man. Hay (l981ia, b) concluded that much of the 
research on the influence of herbivores on benthic coanomity structure in 
the Carlhbean was done at marine laboruoriu in an•as in wbich the 
residept scientis~s recognized severe over-Hshing was occurring, Hay 
further "uned that •ince much of the research in the Hteuture on the 
effects of hrbivoru on shallow tr<>pical mat·ine co11mnmities wu done in 
thase overfi•h~ are••, we may have a misunderstwdinJ of the functioning 
of these ecosyBtems becauae "e usume these studiu were done in 
con.unities in their near-to-utunl ststeo. !lay (1984a, b) conj1<ctun ■ 

th•< overfishing probably caused a drastic reduction in the abundances of 
predators of urchins (e-1:-, balistido) and so unhins incre.u ■d in 
abundance in overfished areu by B"-VHal orden of 1Ugnitud1<, It h 
1ntuuting to note the comparative scucity of urchins in Micronuia a ■ 
c""'pand to the Caribbean (Table 2), Perhap• Micronuia U otill in • 
relatively natural oUte •• ~mapared to th• Caribbean. A .... 1t1tude of 
alte,-native hypothaseo could be invoted to explain this difference 
hn.een oceans in urchin •bundanceo, however. '"·I·, current patterns, 
phytorlantton densi<ie•. etc. 

It is possible that as fishing pressure increaau further on cord ruf 
fisben in the Pacific, echinoid• will be oo...,"11at released from predation 
presaure and then becOla<! mou abundant and infJ.uenthl.. One of _,,y 
alteroati""- poooibiliti•• io that the abundanc•• nf urchin• in the 
Pacific ruult fnm •poradic recruitnrt Shor.us (Ebert 1953) uther then 
predation pressure on adult urchins. 

In addition to clearing or dro•tically reducing the abundan.ce of seagrass 
blades in halos in the seagrass beds at the boondary of reefs, the site 
and .,orphology of oeagra.os blades within the halo ill aloo a)tued by the 
action of t."-rbivoru. Within halos, the bhdu of Thalauia "fot11 a flat 
curl and tend to lie flat on the bottMl" (Ogden end zi_...,an 1977:379). 

Although the influe~c~ nf herbivores froo, • coral reef on seagrau 
cOl!mnmitieo h well ra~ognbed, tha intluen°"-• of <he physkal. hctors 
sucl, as currents and vave action having been altered by the preaence of a 
cnrd reef are not pr,.cluded, Ogden and Gladfelter (in Oi;den and Zieman 
1977) showed th ■t the phy•ical factors of water currents and wave action 
wHe clearly involved in creating a halo l m wide around an artificial 
reef made of constructicn blccks at a depth of 12 m. llnwever, in 
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slightly deqe. "atH (15 m), the cunents and "eves were not effective 
enough to create a halo; algae and gra,:ed seagrasses gre" right up to the 
base of the reef at 15 m (Ogden and Ziem= 1977). 

1 have not found any direct evidence in the litei-ature for the influence 
of herbivores in creating halos in sea.grass beds in the tropical Pacific, 
Halos do exist in seagrass beds in the Pacific st the boundarles to patch 
ree[s, but ripples and e~cavations in the sand in the halo at the base of 
the reef ma.de the influence of currents and '<aves appear to be a more 
attractive explanatiDn for the halo than the :l.nfluence of herbivons. 

Echinoids ace generally less common in the Pacific, at least in 
Mkronesia, than i.,, the Caribbean (Table 2). ,lhether herbivores froin 

coral reefs have a significant effect on the formation of halos, the 
morphology, size diatributiono, and abundances of sugraues an<!/or the 
&J>ecies CO!IIJ>OSition of the as,;odated algal rnmmuniU,., in seagraso beds 
has not heen doc.....,nted to any '""tent in the Padhc, There may be 
significant qualitative differences between tile Pacific and the Caribbean 
in the nat,;re of iTiteractior,s ben>een oeagrass beds and coral reefs and 
any research on this matter would be ~orthwhile, 

While the tran•fer of nutrients is al■oat entirdy froo, the seaguss bed 
to the coral reef (by urchtns and carnivorous or omnivorow, fishes that 
forage fT001 the reef to the ,eagran b'1d at niglit and by herbivorouo 
fiolies that forage by day), the eftects of int,.ractions on connunity 
structure are alfll<lst entirely in the opposite direction, from the conl 
uef to the Beagrass bed by herbivorous Ushu and urchin• (Ogden and 
Gladfelter 1982). I have found no substantive evidence for inter&etiona 
of this nature between mang_rovu and su.grass beds or between m•groves 
and coral reefs. [nteractiona between mangroves and the nther two 
ecosystems appear to be -inly through alteration of the physical 
envtron..,nt. 

Another form of intuactiO<I bet"""" co-ttl habitaU occurs. when one 
habitat serves as the nursery for a species which resides in another 
habitat as an &dult. O~den &nd Zieman ([977) stated that seagrass beds 
serve as nurserie• for ju-ile Diodon, llolocentrus, Ocyurus, Acimthur-us, 
J,lulloidichthys, and Halichoeres which apparently settle from the plankton 
into seagrau beds, sp@tld u,.. in oeagrass l>eds gn..,ing as ju,...niles, 
then late. tal<e up residsnce on coral reefs. Ogden and Zieman (1977) 
report that Diodon juveniles ar-e observed co auive between June 15 and 
July 15 uch yaar (for at least J years pre,..ious to 1977) as dense 
school.s of thousands that preoumably sett)." from the plankton. 
Gladfelter (in Ogden and Zieman 1977) oays the schools ar@ visible from 
an aicylane as large dark apots. 

Snapper• (Lutjanidae), grunt• (llaemulidae), and the greKt barracuda 
(Sphyratt1a barracuda) initially recruit to seagre•s bed• and mangroves. 
Snappers are particularly dependent on ,._.,,groves as a n,;rsery. The gr,,at 
barracuda optt>ds its first year in seagra,. beds and its •'"cond SUD11et 
atPong the roou in the 111angro"" swamp (de Sylva 1963). It is intuesting 
to nota thu Sphyraena banacuda and the ruf squid Sepioteuthis are 
circumtrnpioal nceJ)t for the Pacific coast of th" Arnericao. Seagraso 
beds are ess"1ltially nonexistent al<>ng the Pacific coast of the tropics 
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production or nutrients or to intHactiono betveen their component 
species. Coral reef&, ma,,grnves, and sea.grass beds all form structures 
that influence water move..,nts in a manner that stabiliaes the physical 
environm,nt. All three ecosystems produce sediment and, as a result of 
their niodificat.ion of "'ater movements, all. three ecosystef!IS retain 
sedt,..nts. The role of seagrass beds and mangroves as nursery areas tnay 
be more s result of the habitat morphology tha,, productivity because the 
primary production that goes directly into the herhivo;e food chain ""'Y 
be producti= from epiphytic algae which use the seagrasses and mangroves 
as sub,trata rather than from the production of the seagrasses and 
mangroves them!!dvu. 

Coral reef~ £om, baniers that diHipate wave energy. Lagoons would not 
e:xist "ithout conl reefs. Mangroves and tropical seagrass b@ds are 
nearly al'1ays found in areas "ith reduced ..-ave energy. Mangrove seeds 
have been found to an.o.~h and lake root whHe they would not have 
otherwise because of the r,,ducUon in wave action brought about by small, 
stone, fish trap wein (Saenge, and Hopkins 1975). If mangroves have 
been able to take <oot "'here they would not have otherwhe betaU$e of 
changes in waur m,,vu,ent brought aOout by an artisanal, stone, fhh 
"eir, then it SH.,. quih pouiOl~ that coral reefs all"" aome mangroves 
to oxiot where they would not have otherwise by forming barriers which 
diosipate wave energy. By forming lagoons, cotal reefs allow the 
e><i•unce of naguu beds in some areas where they would not other>liH 
e:i:J.st. H<rw~ver, '"""grovu and sugrau beds also exist in aru• 6May 
from coral reefs, in natural harbors or in the lees of point5 of land. 

Mangrove foreou also occlude "nd abaorb terrestrial fruhwatu runoff 
and thereby buffer large salinity changes in coa£tal water•. Both 
mangrove for.,au and seagran beds tra.p and stabilhe •~imenu, forning 
rich depo•Hional hasins for •"-diments and reducing the sedilrlent load on 
co11.stal area•. Coral rHh produce calcareous sediments which 
accumulate in the lee of reefs. Mangroves and sea1raos beds produce 
se~i .... nt• by depositing leaves and blades. Epiphytic organisms on the 
prop roots and bhdu and infauna! organio!IIS in the sediments a.ho 
produce se<1imenc~. 

All three ecosystelllli influence uch other favorably by otal>ilizing the 
physical environment. Coral ueh, mangrove foruts, u,d seagrau beds 
all otabilize the physical environment by dissipating wave action (~oatly 
by coral reefs), buHering salinity changes (mootly by mangroves), and by 
ota0il1ting sedi""'-nts. All three ecosystems also produce sedi,..nts. 

Effects of land mas• lllld water mOV<elllent pattems 

The ecologkal interactions betveen coral reefs, seagr&lis beda, and 
mangroves are comple~ and academically interesting. At scrrne loc,.tlons in 
the Caribbean, the effects of these intuactions ar~ eaouraOle a• 
documented in the previous sections. However, coral reefs can develop 
fully and survive in the absence of nearby seagrass beds or mangroves. 
lik<>.wise, seagra•s beds and ,.angroves can develop and surv!ve away frol!! 
coral reefs and a"'ay from each other. Therefore, interactions between 
coral reefs, se&grass bed~, and mangroves are not alway& completely 

• 
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particularly prevalent in developing aTeas wllere land is cleared for 
agrie.ultural developnaent (Moberly 1963; fairbridge and Teichen 1948) and 
for housing and road construction (Fan and Burnett 1969; ~·an Eepoel and 
Grigg 1970; 1/an Eepoel et al. 1971; Mangos 1972; DiSalvo 1972; Wells et 
al. 1973; Dodge Hal. 1974; Johann8s 1975). 

Coral reefs arc the TI>C>St susceptible of tile co,astal ecosysteOIS we are 
comparing to damaging eHecu of siltation and terrestrial rtmoff of 
nutrients. Seagra .. as have a greatH tolerance of these factors and at 
lo,, levels 11ay even benefit from o slight increase. The mangrove 
ecosystetQ is the most tolerant and generally benefits h""' ternstrial 
runoff. It is clear t:hat to make wise and rational decisions in th~ 
management of coastal ecosystems and resources, we should pay particular 
attention to understanding the influences of land masses, tetrestrbl 
input of macuials and patterns of 1<ater 11ovemont on the nearshore 
coaotal ecosystems. 

The reason that chePlical nutrients are generally oparse in tropical ocean 
,;aters iB because phytoplankton and bentllic algae take up 8nd genero.lly 
deplete the nutrients in the photic zone and the reservoir of nutrientg 
in the "ater colulll[l below th photic zone is not geners..lly available 
because the tropical seas are thermally stratified thro"8hout tile year. 
De.spite these restrictions on nutrient availability, ~hallc,w tropica.l 
benthic co-.rnitiu are very producUve (Table 1). Th@ productivhy of 
ocean waters is substantially increased n<!ar land mauH (Doty a,uj Oguri 
195&; Jones 1962; Sorokin 1973; Gil111&rtin and Revelante 1974). This 
"island mass effect" muot re•ult ultimately fro11 e.ither an input or a 
prolonged retention of nutri&nts. There are at least nine ,..chaniBms by 
which the preoence of a land 11au could produce an increaoe in input or 
retention of nutrients, nrresnial runoff, groundwater ,eepage, 
nitrogen fixation by benthic or&aniSIIIO, benthic nutriant 
rege,,eration, secondary productt'\11.ty, internal waves, upwelling, eddying, 
and increased residence time of water, There may be additional wa,·s in 
wllich the nature of the nearshore landmass can effect tbe productivity of 
nearshore habitats. liow tbese fact<1rs j_ntuact with coral reef, 
seagra.ss, and mangrove ecosystello$ is of pri-,ry importance in understand­
ing and managing the ecooystems. 

Evidence for the importance of terrestrial runoff for nearshore fisherieo 
can be found in Chidambaram and Menon (1945), Murty and Edleman (1966), 
Alee" (1972), Sutcliffe (1972, 1973). The effects of terrestrial runoff 
of nutrients on asp~cts of coral reef co1111111mitie• is discussed in l-larsh 
(1977) and 5irkelend (1982). An n-ple of the influence of grounds·ater 
is presented in FitzGerald (1978) . .rhile influential grom,d,.,ater seepage 
and terrestrial nutri•nt runoff m&y occur only at Ugh hlando, nitrogen 
fixation by blue-gre,m algae ig operational at both high islands and 
atolls. The import,mce of bentHc nutrient regeneration and tile 
ma.gnitude of secondary productivity ar• presented in Johannes (1%7), 
Johann•• and Gerber (1974), Gerber and Marshall (1971, a,b), Sournsa and 
Ricard (1976b), Sournia (1977), Scott and Jitts (1977), Le~is (1982), and 
Kropp and Birkeland (1982), 

lnternal waves, eddying, upwelling, and increased residence time of ~·ater 
are all influences on productivity that an brought about by alterations 
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the phytophnkton have undergone enough ceU d.ivisions to buil<i up a 
standing crop suffic.ient eoough to support larvae of A. planci, The 
dispersion of water could also thin out the concentration of !;;, plBnci 
larvae as well as the food supply "f the larvae. Studies of fish larv"" 
indkate that up .. elll.ng of nutrient-ricli watH leads to phytoplankton 
hlooruo, but the movement of the up,,~J ling waters disperse food organisms 
so that the (ood particles He too J.o" in conc"-ntration to suppwt larval 
anchovy growth (Smith and Lasker 1978). 

LAGOONS 

By enclosing water in a lagoon, the productivity of an otheniise 
oligotrophic hody of w~ter might be enhanced because of the increased 
residence time o~ cohesiveness of the water mass. A panicularly 
striking example 0£ bic,mass bdng supported under extremely digotrophic 
conditions can be observed in the enclosed lagoons of the Tuamot,;s. 
Takapoto is a raioed atoll with an enclose<l lagc,on that is approximat:~l~ 
16 km long, <i.S km W;[de fil!d averages 23 m deep. This 1.6 x 10 m 
(roughly) of watH is connected to the sea by a couple of boas that a 
person can Hsily wade across. Thndon the lagoon must be one of the 
most self-coe.tained of coral reef systems Yith waters of particularly 
long rHidence til!IC. Sou:rnia and Ricard (1975) found th<,.

1
oceanic waters 

surroundi_":/l Takapoto to have low nutrient (0.36_J: at g i. NO,-N; 0.26 
µ at g i. P04-P) and chlorophyll a(o.1,; µg l ) conteTitS. They also 
found that the wate.,_ 1within the enclosed_fagoon l,aV<! eve.n lowet 
nutrients (0,22 ~ at g i._

1
No

3
-N; Q.J.2 µ at g i. l'0

4
-PJ but ,nuch higher 

chlorophyll ,i (0.46 µg i. ) ~ontents. Yet the main ind>.>stry of Takapoto 
involves the production of pearls by filter-feeding bivalves, Tano of 
bivalves (Pinctada, Ar~a, ltidacna) l:ive in the legoon despite the water 
bcJ.ng very spars• in~trients. lt ~.ay be that the encl0,ed lagoona.l 
system ia so s~lf-cootained that the Tiutrients ne quickly recycled and 
contained in th• biomass or th• bivalves and fishes. Tho maJ.n effect of 
an atoll comes from its configuration which generally increases the 
residence time d "'ster. 

The Yay in ~hCch a lago<>n functions leacs us tc a Lontlusion concerning a 
rational method of resource management in lagoons. Lik.e the tropical 
rainforests, ecral reef ecosystems lll!lY be able to withstand pr=ing and 
recycling b«t not harvesting and ex;,orting because !>OH of the nutrients 
are HcycJecl and not imported. The removal of living mat.erials fron, a 
c.oral reef commu<>ity m, a large s,ale might cause depletion at a rate at 
wloich the system would be unabie to replenish and maintain itself. Al 
Takapoto, the oysters are harvested but only the pearls are exported, the 
meat is ~ventually ncycl~d intc the lagoon, lf .,e scrape a temperate 
shoreline of bamacles, we would e~pect the ban,acles to return in a year 
or sc; barnacles feed on impcrtet su.spende~ material. lf .,e dredge or 
rl;'rtamite 3 reef, we mi~hc e~pect recovery to take a very great t.ime 
because the n~trie,,os have bee.n lost and a substantial time may h~ 
r~quired for the necec~ary processes to build up another stockpile. 
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se.agrass virtually disappcaseC (e.g., the black brant, d. Cottam 193.\). 
llo.,ever, th~ fishe.s and inverteh~tes generally dil not decrease in 
ab,-nd,mc.e dudng the di~-o[f cf Zosce~a. Harrison and Mann (]975) 
su~gested that this ~•as becc.use the accurnulated Gndtal 1eserve of 
seagTasses decomposes so slowly tha, the foOOs and nut.rlent.s enter the. 
food chain <'y decumposition at a fai1•;y constant rnte, relatively 
unaf"ected by any latge year-to-ye~r variations in pcu~uctivity. In this 
"")' vascular plants ot ccE<stal ecosyst,em.s ~tabilize some [ood chains as 
we:l as som~ aspects of the physical envirunment. 

Assicn1lati011 ot .,,.~cular plant r.aterial by marine invertebrates and fishes 

Detrital material fron, ruangroves and seagrasses are often fu=d in the 
stomachs of iaarin~ tr.vertebrates and fishes (GunteT 19i.5; D~rndl 1956, 
1%1; Springer and Woodburn 1960; Hansen 1969; Oduoc and Heald 1972; C~rr 
and Ada= l97J). These observations are used as documentation of the 
Jmportance of mangroves and seagrasses for commercial and sport fisheries 
(Skud and Wilson 1%0; Darnell 1967; Sy\.~s ~nd Finucane 1966; 5n:ith e.t 
al. 1966; Odwo and de la Cruz 1967; Wood eC al. 1969; Cronin and MansuetJ 
1971). While mangroves and S"-agcas~es are probably important to 
fisheri"-s as provider£ of Structural shelter and refuges for juvenihs 
Crom predators, as substrata fo,- epiphyuc algae and bacteria ~·hich in 
t~rn co~tnbute substantially tu t.he food web, and as sediment 
stabiHzers, there is e-.,idence that cal ls tc'l queotJ on "heth£r mucl, of the 
calories and nutrients in va.scular plant material rn the guts oi 
invertebrates and Hshe~ is aaua]ly be=g assimilated, Although 
ruangrove forests and seagrass beds a<e among the most productive eco­
sysoems in th world in ten:is of gross primary p>oductivity (Ryther 1%3; 
HcRoy and Mcl!illian 1977; cf. Table l), it a?pears that over 90! of the 
net prodnctivity is goin[ into the detrito.l food "eb (Harnso~ ~nd Mann 
:975; ),:i<kman and Reid IS79) and less than 10< into d:lrect herbivory, 
although a noUble amount passes through the guts of marin~ invertebrates 
and fishes. 

Ever. decomposus appanrntl)'_process vaScc,lar plant matHial more slowly 
than they prncess algal or animal material. In teniperate Athntic 
watHS, the ke!p Laminaria longicruris decays rapidly and makes a quick 
substantial conUJ.buti<>n to the detrital food "eb (Mann 1972a, h) while 
the eelgrass Zostera marina decays sl""'~Y, with only J5t los$ of dry 
welght. after 100 day~-20),C in the laboratory in the presence of 
ab=dant microorganisms and nutrients (Harrison and J,:ann 1975). Of this 
35%, 8H "'as from leachiJ,g and occuned even under steril~ ccundltions. 
Coastal sedime:at~ in eelgrass beds have accumulations of slo.rly 
decomposJ.ng eelgrass fragments as a reserve of organic 11atter which 
slo.'ly becomes available for benthic consumers. fo estuarine creeks of 
Geo,gia, over 90% of the detritus is from the mar~h grass Spartina (Odum 
and de la Cruz, 1967). However, leaves of Spart.ina may enter the 
detritus slo,,·ly as they may die on the stalk and remain attached upright 
for long periods o;' time (Lopes et d. 1977) .. Similarly, the distal 
portions of tropical seagrasses such as Thalassia remain attached upright 
long after t.hy become senescent. The great a100unt o! 1'halass!a blades 
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was actually assimilated by the animals and aho of giving the actud 
initial source of carbon regar<!less of the path.,ays through the food web. 

Rodelli et al. (1984) andy,ed the stable carbon isotope ratios for ovn 
600 aniinals from Malaysian mangrove ,.,amps, coa,tal inlets, and offshore 
areas. They found that carbon from mangrove trees was about ~quaUy 
imporUnt u carbon from algal sources in the diets of organisms from 
mangrove swamps. Howevu, anh,aJ.s from collections .,ade offshore showed 
almost no carbon from ,.angrove trees to be assim:f.lated foto their tissues 
although mangrove carbon was ablltldant as denilus at these site. Rodel11 
et al. (J.984) conclude<J that fragments remaining intact offshore were 
apparently quite refractory to metabolism. 

Mangrove aud seagrass leaves also appeared to be generally resistont to 
digestion by marine invertebrates even w!thin the habitats (Rodelli et 
al. 1984). The staUe carbon isotope ratio demonstrated that 
suspension-feMers (9 spedes of ba:rnacles and bivalves) living on the 
proJ>--root• or low on the trunka of mangrove trees filtered watu that 
contained a <ubstantial amount of mangrove materials while the tissues of 
the suspensicm-feeders were generated mostly from algal seru;ces. The 
tissues of snails that preyed upon barnacles and mussels (Thais and 
}lurex) also was derhed ul ti-tely from algal so,;:rces .vo trophic levels 
below. Alpheus sp. and .!:!I'ogebia sp. live.d in the mud uound the roots of 
l'langrove trees, but the ca:rbon lsatope ratios indicated that they were 
e.ither selectively feeding or selectively assim.iladng algal mater!.als 
from the sedilnent (Rodelli et al. 1984). 

In fl>angrove swamps, shrimps, crab•, and fioheo generally a .. imilated 
approximately equal proporticms of foods from mangr=e and algal sources 
while offshore populations only assimilated algal derived carbon (Rodelli 
Hal, 1984). Note that we are discussing what iO being a""im.ilated into 
the tissues, not what is b"-ing c<ms,...,ed, Much of the detrital l'laterial 
available in the sediments and water columi both offshore and J.n the 
man~rove swamp was derived from mangrove souri:eo, lt is mast likely that 
mucl". of the sediment cone,;11ed by crabs and shrimp living on mu<J aro,;nd 
:roots of mangrove trees and M the water tiiter~n h; suspension- feeders 
attached to roots of ""'ngrove trees conufos a subsu.ntial amount of 
material of 1l'Sngrove origin. Apparently 1l'Ste.r1al of mangrove origin 1• 
usually resistant to the metabolic processes of marine invertebrates and 
111!1:<ine fiShes so tbese animals inore easily assimilate material of algal. 
origin, Since proportion&tely leos ol the avaHable material of mangrove 
origin is assimilated by oHahore populalions of shrimp, crabs, or 
fishes, RodeHl e, al. (1984) were led to speculate that mangrove 
=-terials h~eome ev~n more resistant with time during the offsho,e. drift 
or transport. Studies by Golley et al. (1962) and Wiebe and Pomeroy 
{1972) also-suggest that manvove and Spa;tina material wa• metabolically 
refractory. l!aine.s (1979) and Haines and Montagu<> (1919) also us~d the 
staUe ~arbc,n isotope method to trace th uHimate aource of 
photosynthetic product)-.c, in SparHna marshes. They found that Spartina 
was less important and planktc,nic and hcnthic alg"" "ere far mre 
impnrunt th= was previously thought. WhiJ.e ins~cts (ffte that they had 
e.volved fo terre.strial habitats) and marsn snails ha<! C Y!lu!~ similar 
t:o vascular plants, mud-snails, bivalves, and crahs hacl C/ C ratios 
similar to planktonic and b£nthic algae. 



ch<'micals such dS eellul~s~ rn vascul2r plants. Tbe leBves of mangroves 
may be part.icuhrly difficult tn decompose or digest because of tannii,s. 
Tanni.\s arc prevalent in mangrove ]~aves aoU are the basis of the 
economic value of mangrove.s to the le~thc industry (S.,airt 1965; Haslam 
1979). Tannins are known to form complexes "ith protein and tn iohibH 
~he actfon of en,ymes (Pridham 1963; t;oidstefo and s..,ain 1965). By this 
mechanism, tannJ.ns are knm,m to inhibi~ the ability of microbe.s to break 
do'<m leaves (Handle.y 1961). l'annins fobjbit the growth of tungi 
(Williams 1963) and the. transmission of viruses (Bawden and Kle.cekowski 
19as; C3dno.a.n 1960). The colonhation aoi micrnbial degradat1ori of 
mangrove leav~s in ~e,,..,atH is delayed by [be presence of tannins in the 
leaws and begins aHer the tannins are leached out (Benoit and Surkey 
196B; Cmidell et ~l. 1979). 

The, tann;lns released from decaying leaves and dissolved in the ""'"' can 
inhibit the gro.,th of di.at01l'IS and pres'-"""bly other phytoplankt@To and 
thereby reduce the phytoplankton productivity ;[n waters in or near 
mangrove swamps (Smayda 1970; Kutner 1975). 

Tannin-rnntaining plants are also repellant to herbivot"es such as ~nails 
(llabe.rlandt 1914), locusts (Shpan-GahrielHh 1965), and sheep (Wilkins H 
al 1953), and are actually toxic to cattle, goats, sheep, rabbits, rats 
and chickens (Dollahite H al. 1962; Kingsbury 196"; Glick and Joslyn 
196Q; Vohra, Kuta.er, an<! Joslyn 1966), This toXic effect of unnins to 
h£rb;[vore~ is probably largely a re~ult of fannation of tann:ln-?rotein 
complexes in the gastrointestinal tract "hich results in a reduction of 
nitrogen assim;[Jation. The proportion of dietary rtitrogen that uas 
egested increased by a factor of si>: conipared to controls when 8% tannic 
acid was incoryorated into the diet of rats (Glick and Joslyn 1966). 

The inhibitloa of grO\ilth of moth larne by tannins was also suggested to 
be the result of the formation of relatively indigestible complefes of 
tannin with available protein, thus reducing dietary nitrogen 
assimilation (Pe2ny 1969). Casein, when co111Flexed wHh oak leaf tannin, 
is compl£tely proacted from hyclrolysis by trypsin at pl! 1.6 (Feeny 
1~10). M little as U fresh "aight of tannin in the diet uf moth l~rvae 
causes a significant reduaion in larval gt"owth rate Rnd pupal weight 
(Fe<>ny 1968). The degree of complex formation depend, on the ratio of 
protein to tannin concentrat1ona and on the ti""' d contact bet.,een 
protein and titilnin (Feeny 1%9). ln oak leaves late lo the season, for 
example, the ratio of tannin to protein is about 1:3 and a caterrillar 
would have to 1nge•t about I, times the emo,mt oi: led material that H 
would have had to if there were no tannins in ordu to obtain ad~quate 
nitrogen (Feeny )970). 

Pl.ants store their tannins 1n vacuoles, separated from the ,est cf. the 
plitnt cell by a membrane (Nierenste.in 1931,). lf the membrane of c:,e 
vacuole is punctured, the tannins can be releas~d and bring about 
precipitation of protoplasmic proteins fo the plant cell (Doby 1%5). 
The synthesis of tannins is acbieved through a compJ.ex pathway that 
requires a large quantity of sugBTO for both energy and structure (Rasla~ 
1966; Feeny 1970; Zucker 1983). Tbe effects ol tartnins in ceducing 
metabolic efficiency of animals, fungi, anC bacteria res1>lt froao the 
general formet;lon of hydrogen honds, and perhaps covalent bonCs. with 



winter food of th"- black bnmt is eelgrass (Cottam 1934) and black brant 
,'lnd Ca.iada geese consume about 17% of the 5u1lllll0r standing crop of 
eelgrass in Al"--"ka (Kc.Rny 1966). When an eelgr=s disease killed 
extensive areas of Zostera marina on the east coast of the Un:lted States 
in the 1930s, the black brant virtually disappeared (Cotum 1934). 

Whereas gastropods, urchins, and fishes prefer1>nti&lly feed on the outer 
senescent ponions of blades of seagcasses whieh are overgrovn with 
epiphytic algae or microbes, green """ turtles (Chelonia mydas) 
sel@ctively grue at the bases of Thalassia plants "here they obtain th@ 
youngest, leut overgrown portions (Ejorndal 1980, 1982; Mortimer 1981, 
1982). Aftu grazing an area, Chelonia ~ "ill return and recrop the 
sam, area, leaving adjac"-nt areas of UH plants ungrued (BJorndal 
1980), Regen"-UUng Hades hav<! higher protein L,vels than untouched 
blades (D,,.,es et al. 1979; Dawes and La'-'rence 1979) and by increasing 
turnover, grazing by green s<!a turtl"-s might increas@ the productivity of 
the area. Thayer et al. (1982) pnsented evidence that green sea turtlu 
speed up the process of decomposition of seagrasaes. Although nutrienu 
are absorbed from the seagu,s mate.rial ducing the passage through the 
digestive tract of the ,ea turtl.e., the seagra•s material is fragn,ented 
further and thHe is a t .. o-fold increue in am.ino-add content which 
facilitat@s rapid decompositi<m of the heal material. 

Unlike herbivorous invertebutes and Hshes, green sea turtles avoid 
blades encrusted with ep!phytic alga,,. ll(>wever, Chelonia ~ "ill 
accept algae in areas where seagrasses are scarce (Morti~e, 1981). 

Dugongs (Dugong dugon) feed almost e>eclustvdy on sea.grasses (Heinsohn 
and Birch 1972; Heinoohn et al. 1977). I/hen seagusses bee""" scarce, 
dugongs will feed on algae (H£insohn and Spain 1974), even consuming 
quantities of San;assum (Spain and Heinoohn 1973). The West lndi.ui 
manatee (Trichechus l>fill.atlis) ranges mon freq.,..ntly between oalt"ater and 
fresm>ater and so its diet is o,ore catholic (Campbell and Irvine 1977). 
In salt water, its 11ain food h probably seagraSS"-• (llertram and Bertram 
1968) but in fresh.,ater they "ill. eat water hyacinth, woody emergent 
reeds and cattail•, and even terrestrial vegetation wiehin one foot of 
the water (Anoriymous 1976; Campbell and Irvine 1917). Unlike $U turtles 
"hich bite off oeagrass abov« the o'-'1,,tratu~, dugongs root and dig up th£ 
entire plant, including the rhi~omes. While feeding, dugongo leave 
trails 19-25 om wide, 3-S cm d~ep, and 1-S m lcmg (Heinsohn et al. 1977). 

Clearly, marine vertebrate5 that reinvaded tbe ,ea from terrestrtal 
origins evolved how • past association 1'ith t@r,...strial plants and hav,a, 
the metabolic path.,ays that allOlil the digution of seagrass@s while 
marine inverrebntes and fishes generally find sugrasses difficult to 
proc~s• ..._tabolically. Invertebrates and fishes gen@rally do not f"-@d on 
a lllajor portion of che standing stocks of seagusse5 and sugtasse• do 
not decay as rapidly as algae. DespHe the great primacy productivity of 
~eagrass beds (!able 1), much of this production is lost during the slow 
process of entering the detrital food web. If populati<>nS o! green •ee 
turtles and dugongs "ere allo"e~ to recove; from overexploitation, th@y 
might serve as a mechanism to exploit the production of seagrass beds 
directl~ through herbivory rather than indiNetly through the detrital 
food web of invertebrates and fishes. 
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I. Fritts (pers. cnmrn.) pointed out thac "hile data on g•owth ,ates co 
sexual ~.aCHHy in the natur,,.J e.nvironment are not solid, lt appears that 
Che]oni~ mydas on Lhe Gi:eal Barrier Ree.f and "lse,.-here in the Pacific 
g~ner~ll;' sh= slu.,e1 g1owfr. Ht€$ cha,, do those around Flunda. He 
suggeste.d T"lar perhaps a gredl~r portioct of the. c!iH 0f C· !'lydas is alga~ 
i_n populations of slo-.~r growing iTidivid~als and is H~grass LT! 
~opulatior.s oC taster ~n,-...;ng individuals. He ca;omented that occasional 
mangrove sh~ots may be espeda~ly faportant in ~- ~ diets in the. 
Galap~gos where they do not o-ota~n othee vascular plants. It 1.1ould he 
most interesting to test the hypothesis that. on the average., Chelonia 
mydas gro,, signif1cacttly s~ower a~d have. a significantly greater 
proportion .,r e.lgae in their diets in th• Pacitic in comparhon with 
pQpulations in th< C~rihbean. 

Surn:na:ry and cunclusiona 

Coastal ma.rine ecosystems ai:~ partkularly rnportant to Pac.ifjc islanders 
becau.se most of the ani""'-1 protein of islands has traditionally come from 
coastal resources Md hHause human settle.,.ncs have Hode.d tn be \n 
coastal r~gion• for lo~ist.ic reasons. An understanding of the 
functioning of coastal mariM ernsystems is impQrca,,t both because the 
resources ne.ed mer• careful n:anagement. as the human populati<>nS grm< and 
because human aaivities w1:1 have the greatest effacts on coastal 
environments "hei:e p"pu]ations are cor,centrated. 

:FJshes and invertebrates (orage ouc from coral reefs onto seagraos beds 
and return for sheltH. In the Carihbe~n. fhld studies have indicated a 
flow of nutrhnts from the seagrass beds to coral reefs such tnat a 
greater biomass of fishes is fo'Oili' ua reefs neai: seagrass heos. A.lso, 
coral colonje.s grow faste.r near the fish-aggregaticm sites on reefs (for 
fishes that fMage in seagra.ss beds) tho-<, do coral colonies a~•ay from 
fish-aggregacion sites. Sea,:rass beds anc mangrove ""amps serve as 
nursery areas for HVeral spedes of reef fiohes. WhHe nutrients mov~ 
from seagrass beds to coral reefs, the effects of species interactions on 
community structure are in the other direction. Coral reef herbivore& 
influence the struclure of plant communities in the seagrass b"'ds near 
reeCs. Pacific nefs may clHfer frouc Caribbean reefs in tMo regard. 
Echinoids are fa< les, comlon J..n Micrm,esia than in th~ Caribhean. 

The main eff~cts M rnastal habitats on each other are in stabilhin~ the 
ph;•sicd enviromoent by dissipating wave action (especial:ly by coral 
reefs. which fonn lagoons), in buffering salinity changes (10ainly by 
mangroves) and in stabilizing sediments (by sHgrasses, mangroves, '" 
corals). All three ecosystems als<, produce sed1lllents and ;,i:ovide 
substrata for bacta!'ia, epiphytic algae and anin,als. S~agrasses may 
provide a stabilizing effect on the detrital food web because the slow 
rates of dec001position provide a regular flow of nutrients during periods 
of fluctuation in primary producth·Hy. 

Although the ~cological interactions between coral reefs, seagrass beds, 
and mangrove swamps are complex anrl academically interesting, the 
evidence in the literature indicates that these interactions ~re of 
negligible importance in comparison to the influence of the 
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MANAGEMF.NT ISSUES REGARDING lNTEGAATID TROPICAL MARlNE ISLAND ECOSYSTE~S 

Do.borah Grosenbaugh 

Introduction 

The manage-.,ent of n,arine resources traditionally hu been an integral 
part of tropical Pacific island culture.s. However, as growing 
populations approach the limited cari:ying capacity of island ecosystems 
and 1/estern culcural 1nfluence places new •trains on traditional 
managen,ent p;actices, choice a often will have to be made between 
competing needs for ernnomic developm<!nt and resourc~ protectum. 
AHhough local po.rceptiono concerning how to best allocate the availabh 
resources among C0111peting uses may differ, user groups ue equally 
constnined by the vulnerability of the.se resources to humet1 exploita­
tion. In many cases, the exp&nsion of the local economy takes preced.,nce 
over the. observance of these limits, ca115ing irrevenible damage. even 
before a problem is perceived. Unfortunately, for a variety of r•"-"<>nG, 
the leseons learned in one area are rarely appJ.ied elHwhere. It is this 
lack of understanding regarding the cew,e-and-effect that results in a 
limitation of future options. and the lack of infonnatiou exchange 
relative to shared experJenceo that ts addre.sse.d here.in, 

In devising regional ~anagement option•, 1t must be taken into considera­
tion that, while the Pacific Ocean unites the islands into a single. 
environme.nal entity, great distances have promoted the evol~tion of a 
variety of political, cultural and econ0111ic factou that will require 
localized approaches to manage""'nt problems. 

In developing criteria, it must be real:lzed that in an integrated 
approach to the managellll'.nt of coastal mariM ecosyst"""', the object is 
not to manage the environ...,nt it•"-lf but to manage the use and 
development of tMt environ..,nt within limito that enoure maintenance and 
integrity of critical ecosyst"'""• Unfortunately, tropical island 
ecosysteo,s ha"" been shown co have narr01<er limits than their continental 
counte,parts, making them le.•• tolerant of environ.,.ntal perturbation end 
thus toore sensitive to humar, actlvitie.o. ltanage .... nt schemes that may 
have been successfully devised for temperate, continental Gy5tem.s cannot 
b~ d1rectly applied to the islands of the tropical Pedfic without first 
undertaking regional •~•itive eovironmental aosesso,ent and o,onicoring 
programs. The kind of assesoment and monitoring that would be required 
to arrive "t quantirative criteria on which to base man"gemont decisions, 
however, is a luxury that can exceed the resources of developing island 
economi~s. rn fact, the scope of such a project probably would far 
exceed the resources of the entire region. It is therefore necessary to 
develop flexible parametric guidelines based on the best available 
information and to monitor their effectiven<:ss 1"!thin reasonable limits. 
For example, Johannes (1980) notes that to detemine maximw,, or optimum 
sustainable yield in a mulUspacies re.et and lagoO<J fishery is an 
unrealistic goal. He suggests t~a< a better approach would bo to strive 
for a moderetely stabh increase in the yields of overexploited 
flshuies. This approach ;s the one we have tried to kee.p in mind in 
making our recommendations based on our asse.s9lllent of current efforts to 
m,auage tropical coastal ecosyte!DS. 



Table J. Summary of existing marine resource consecvation ~nd man.,p.en,ellt 1eglslation in the tropical Padfic region 
(see appendix). 

-,;;;;;,C[c,;;;-- -

Samoa 
The Nortborn 
Mariana la. 

Cook Ts. 
PiJi 
French 

Polynesia 
Guam 
Kiribati 
Na~ru 
N•" ~aledonia 

"~ 
Papua New 

Guinea 
Pitealrn 
SDl01""n lo. 
Tukdau 
Ton8a 

Comp<ehensive 
Environmental 
Legislation 

T•u•t Terrt<ory 
cf the Pacific 

Tuvalu 
Vanuatu 
~.111. 6 

~,.t.,na 
WeMe<n So~oa 

Water 
Quality 

1.egia1atioo 
Specific to 
Coaatal Eeo­
Syatema 

Enablirt~ 
Leghhtion 
for Resorv,,s 
b Sanctuaries 

~;i,hed~s & 
Spedes­
Spedfic 
Leglal.otion 

0Htside 
Tetrestrlal 
/\ctiv1tks 
{forestry & 
MJ.ning) 

o,,rsi<le ETA 
Marine Provisions 
A,tivUles 
(Otl/DHmpfos) 
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Table 4 (cont.) 

lo. Trochus Act, 1975. Establishes reserves at Aitutake, Farmeroton and 
Manuae. 

5. Territorial Sea and F.xclusive Economic Zone Act, 1979. Provides for 
regulations for the protectle>n of the marine enviroriment and 
fisheries resources. 

1. Land Cm,aervati= and lmproven,ent Act, 1953. Establishes the Land 
Conservation Board which is resp=sible for the supervision of water 
resources, stimulation of public interest regarding natural 
resources, and recommendations for conservation legiolation. 

2, National Trust of l'iji Ordtnance, 1970. Provides for the development 
of parks and reserves. 

3. Fishries Act, 1942. Prohibits fishing in nati,,., customary fi~hing 
grounds wHhou~ a license. 

4. Tioheries Regulations, 1965-1972. Controls the use of fish fences, 
nets, poisons, and protects turtles and porpoise. 

5. Provisions controlling the polluticm of coastal waters are included 
in: 

Native Land R,,.gulations 
Mining Regulations 

6. !!arbor Act, 1971.. Prohibits the poHution of harbors and coastal 
waters. 

7. MaI:grove Regulations. A lic.£nse ia required for the exploitation or 
redaruation ~f mangrove stands. 

rr~ch Polyneoia 

l. Fisheries Legislaticn. Provides for the protection and management of 
marine and coastal resource,. 

2. Forestry Regulations. Controls deforestation by cle&Iing and bush 
fires. 

3. l!adne oil pollution is prohibited by law. 

1. Applicable U.S. Federal LegislaUon. (See American Samoa, H). 
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3. La" No. 64-1331, 1964. Prohibits seawater pollution by hydroc.arbons. 

4. Decree No. 405, 19).0 (as amemled). Prohibits ddor...stacion of 
cHuin hiH slopes and river banks. 

S. Decree 54-1110, 195. Authorizes the Mining Pollution Cnnuol 
Commission to determine pollution control ..._=ures. 

1. Fish Protection Ordlnanc.e 

2, Environmental Protection Ordinance 

Papua Ne~ Guinea 

1. National Constitution (Fourth Goal). Declares national poHcy 
to be the conset"Vat1cm of Mtural resources for the collective 
benefit of all and of future generacions. 

2. ConservatiDn Areas Act, 1978. Provides for the establish111et1t oC 
conservation areas and the critecia therefor. 

3. National Parks Act, 1966 (as amended). Places the adminstracion of 
parks Ullder the supervision of a National Parks Board. 

S. Fauna Protactiott and Control Act, 1966 (as amended). Allows ror 
the Btablishment of sar,ctuar>"-S and protect"-d areas for particular 
species. 

5. Environmental Contaminants Act, 19)8. Requires a license for the 
mBchdrge of polJ.utants into coastal 1<aters. 

Envjronmo.ntal Planning Act, 1978. 
inadequ.a.te consideratiDn h= be= 
development. 

Invokes pl.anning procedures vhen 
given to environou,_ntd efhcts of 

). Timber E>ctracticm Permits require the instHution of reafforestation 
programs. 

8. '¼rchan( Shipping Act. Contai"s provisicm for marine oil poHution 
o! coastal waters. 

9, Coral \larvesting L,...,. Control$ tha taUng of coral. 

Pii:cairn lsland 

1. fishuies Zone Ordinance. Ecnp<J\'IHing legislation for che management 
of fisheries resource. 



Ta])le lo (cont.) 

J. Specific Legislation and Regulations 

Tuvalu 

Code of the Federat£d Stat~• of Micronesia (FSM), 1982. 
EHablishes regulations for th,s t~king of sea c,,rtlM, 
Hack-lip mother-of-p~ad oyster shell, Trnchus; prohibits the 
use of e.xplosives and poisons; lists endangered species; 
creates the authority for the management of marine ,esource~. 

Ponape Stale (FSM). lbe ~arine Resnurces Conservation Act of 19B1 
empowers the Director ol the Department of Resourc~s and 
Dev~lop~ent to regulate the taking of Trochus, Dlack coral, 
parrotfish, grouper and mangro,·~ crab. 

The Republic of Belau regulates the taking of fish (size limits), 
tridacnid clams, mangrove crab, lobster, a,>d sea turtles. The 
taking of dugougs is prohibited. 

1. Wildlife Conservation Ordinance, 1975. Enabling le~islation for th~ 
designation of wildlife sanctuaries. 

2. Fisheries Ordinance, 1977. Forbids Ule use of explosives for 
fishing. 

3. Prohibited Areas Ordinance. Provides for the declaration of 
"prohibiteG areas". 

4. Harbours Ordinance. Prohibiu the discharge of se"age or oil ir.(o 
harbours "ithout pntnis.s!on. 

Vanuatu 

I. Constitution. Declares that it 1a the moral duty of every person tn 
protect and safeguard national wealth and environment. 

2. Fisheries Aa. Con,cains provisions for t;-ie estabhshment uf marine 
reserves. 

3. Joint llegulation No. l7, 1968. Prot~cts crayfish in coastal waters. 

4, Joint Re,gulation No. 7, 1973. Prohibits rtigtit unde-.-vater fishing or. 
the coast of th island of ~fate. 

S. Joint Forestry Regulation No. JO, 1961,. Prohibits defo~estatlon in 
d«.cJared forest areas ~-:xcept under permit. 



Table 5. Provjsions for the establishment of ~arine ecosyste~ sanctuaries 
throughout tile tropical Fati fie region. 

&ruarican Samoa 
Commm,,,ealth ,, the 

Northern. Marianas 
Cook JsJ.ands 
Fij l 
french Polynesia ,_ 
Kiribati 
Nauru 
Ne" Caledonia ,,_ 
Papua Ne" Guinea 
Fitcai= 
Solon.on Ts lands 
Tol<elau 
Tonga 
Trust Territory 
Tuvalu 
Vanuatu 
Wallis ' Futu1"8 
Western Sawoa 

Enabling Legis­
Jatiot1 

' 
' ' ' ' ' ' 
' 
' 
' 
' ' ' 

Proposed Marine 
Sanctuaries 
OT Reserves 

Established 
Marine Sanc­
tuaries or 
Reserves 
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desigr,aUon will require local acceptan~ through either vestigial 
traditional JPOres or conservation education: 

1) Status Quo 

Toe first task involved in conoiduing management alternatives is to 
determine if the formulation, in,plementation and enforcement of a plan 
are cost-effective. Inn.any =•es, an analysis of traditional management 
measures will show that they provide the protection neceo,ary to maintain 
designated environmental para ... ters within tolerable lil!U.ts, Recognition 
and legal inotitutionalization of traditional laws such as reef tenure 
systems may be all thBt is required at this point in time, An example of 
a system that seeOIS to ensure. that environ,.ental standards ar~ met is the 
reef tenure system that remains in force in Yap Lagoon. 

In a case such as this, where it can be shown that the tradittonal 
rnnsu,,ation system •till protect$ the integrity of the lagoonal 
ecosystem, it should be left int:act and simply monitored· for serious 
departures from locally established criteria. 

ln sc,me instances, though, reliance on etlsting traditional author:1.ty is 
not enough, 'Jhere Western economics and technology have made inroads, 
but have not seriously affected cuotomary patterns of marine resource 
use, legish.tion legitimatizing tradiuonal u,es mey be the answer, 

2) lnstituUonaJhe traditional syotems 

Should it be determined that the most pnctical approach to reoource 
management is legislatiot1 recognizing traditional exploitation practices, 
the success of such a program "ill depend on close coordination with the 
local users, Additionally, as Johanne• (1982) points out, any legal 
authorities must be fle,rible aod responsive to change, such that custoll\S 
are not "locked in", preventing the natural e-.,oluti<>n of the system. 

This approa~h has been applied with apparent suce<>os in Papua Ne"' Guinea 
in relation to the management of certain wildlife species, most notably 
the dugong (Dugong dugcm) (Hudson, 1980). 

ln most circumstances thio type of spec1es-specif1c m~nagement technique 
will not be cost-effective in dealing with tropical systems (Johannes, 
1980), Because of characteristically high species diversity in the 
tropics, oo one or two species dominates catches, even jf effort ts 
restricted to cntain gear types. For this reas<H'I it is genenlly 
necessary to devi$e policies that anticipate el'virnnmental perturbations 
uot only "'ithin, but outside, the entire coastal ecosystem, rather than 
the piecemeal, curative approach that dorr,inates island managment schemes. 

It shnuld be noted, however, that there are so,., particularly valuable 
species that 111ay be respon.sivc to a spedes approach, Where this is the 
case, t~aditional appreciation for the species and Hs need for manage­
ment can possibly he used to engender a ..-il11ngness to accept certain 
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pressure in the near \:uture, rationalization nf conservation and 
management options will require a dHfe.re.Tit approach than t.hal of a 
pnpulatiM. that is capable or sustaining limited huntiog pressure. One 
such appro~ch coulci be to engender a.n appredation \:or the h~st• a.id the 
asS<>ciateO ecosystems a£ a tourist attra.cticm for the growing number of 
divers th"-t vhit Palau. 

Whtea~ S?ecies with limited migration patterns respone to local manag~ 
ment schemes, a regional approach ~•ill be required fot the conservation 
and management <Of another importa.,t marine herbivore, the greer. sea 
turtle (Che.Jonia ~s_) thrnughout its range. B~teMlve migration of 
this species preclwle$ a local ~pproach to m;magernent issues. Tahle 6 
illustrates the diver~ity of: protective me.=ures throu~hout the Hudy 
atea. A regional plan will have to be devised thac considers a system of 
breeding, nesting and feeding sanctuaries combined with regioud guide­
line.s for th taki11g of turtles. Local plans that are responsive to 
traditional, subsistence ta.king could then be developed witnin these 
guidelines. Balazs (in press) suggests conservatioa measures for Tol<elau 
that are teasonahle for areas where it can be shown that turtle hunting 
is traditional anO necessdry. 

Where traditional systems have completely brol<en clown, such as generally 
is the case in the Mariana Islacids, a different approach is required. A 
favorite fou<l Hsh of the itidigenous populations of the Marianas 1s the 
rabbit fish (Siganus spp.), The~e fish are ha,-v@sted during all stages of 
tl,eir life eye!€, including thns@ times at which they a<e most vulnerable 
to uploitation: during retruitfllent when they come over the reef in 
dense aggugations (Katni and Il<ehara, 1976) and du.ing spawning when they 
again aggregate in a stupor-like state. 

1n the past, island populations were limited, and no more was tal<en than 
could be immediately consu""'-d or preserved by traditional means, But 
given impruv~d gear technology (monofilarnent, small-mesh nets) and bett"-T 
methods of preservation and storage, these fish appear tn be exploited 
over the maximum sustainaHe yield as indicated by apparent population 
declines in recent years. The fact that these fish are also hatveste.O 
during spawning ghe• credence to fishermen's observatioas that the 
number of adults on the reef is much lower than in the past. 

Guan, Fisb and Garne laws permit the use or small mesh nets for the 
"traditiond harveHing of juveniles". This cuates additional ptohlerns 
in that incidental catch of other species is unregulated and seasons are 
not established. Consequently, in practice, it is legal to use 
JEOilOfilamant, Sfllall-meah nets under any ciccumstances. Tn a case such as 
this, regulations should be enacted to permit the harvest of the 
juveniles only at designated lncations and the use of small-mesh nets 
ooly be allowed during seasonal runs. lt is intereadng to note that 
attempts oa the part of Guam's Division of Aquatic and ~1ldlit@ Resource.a 
to regulate juvenile fish harvest have m<!t with resistance from tbcse 
dal-!lling the "traditional tights" to do so. Jnhannes (1982) has obse.""'-d 
that villagers, even in remote anas, will invent "traditional rights" if 
H is advantageous, 
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-no sale or export of shdls less than 35" (89 cm) in 
length 

-no taking of eggs 

Endangered Species Act of 1973 applies with subsistence 
provisions for green sea turtles; howeve; it ia not 
being strenously enforced pending political status 
negotiations. Local regulations apply: 

Code of the Federated States of Mjcronesia, 1982 
~epublic of Belau Fish and Game R,,gulstion, 1982 

-no taking l June to 31 August, and l December to 31 
January 

-no taking on land 
carapace length 11w:t be greater than 34" {86 cm) for 
gt:een sea turtles and 27" (67 cm) for hawl<sbills 
-no taking of eggs 
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preserve, coral harvesting was prohibited. \/hem an attempt was made to 
close tne area to net Hshing, several fisherman put preesure on their 
~enators to repeal the law on graunds that it 1,1as discriminatory. 
Thereupon, a prohJ.bition on all taking of marine life. was enacted by 
public law for a trial puiod of one year. During the course of that 
year, enforcem,ant proved tn he so difficult that a continuation of 
sanctuary status was nnt pursued. 

The acc~,>tance of the concept of sanctuades by the loc&l use.rs is of 
pararuouut importance in predicti,ng the succ@ss of any regulat<>ry attempt. 
Governments must be able to demonstrate some discernible b@MfiU of 
establishing reserves. l'he speculation that they "ill serve as Hed 
areas for desirable species and maintain gen ... tic divHsity of the whole 
integrated ecosystem does not tnnslat~ into higher fisheries yields and 
improved standards of living. BenefHs must be concrete: legal 
recogniti0rt of local village authority, lease payments, protection from 
outside encroachment, tourJ.st dollars, etc. Only then can the system 
functicm. 

Conclusi0rts ~nd general recon:mendations 

Devising a regiDnal approach to the management of tropical coastal 
ecosystems presents some unique probl"1nS. All of the islands of the 
tropical Pacific shar~ a con,r,,on dependence on marine resources. However, 
the existence of a diversity of political, cultural and economic factors 
makes the development of n universally appUcable ,uanagement strategy 
impractical. Add to thJ.s th~ biological implications inherent in the 
assoc1ati0rt of these e.cosystems wJ.th dlfferent isl1md types, and the task 
ol 1118.king reco1m11endations that are relevent to the entire region is 
hrther complicated. Therefore, the recommended approach is to devise a 
set of meaningful regional management ohj"-Ctives with which to guide the 
developme.nt of local plans. 

Prerequisite for any m=agement progra"' iG a set of well-defined 
objectives that can be clearly understood. ln the abeence of such 
o·ojectives, decisions tend to be ad hoc, disorgani,ed and contradtctory. 
Even "hen 1Canagement objectives are defined, as is the case in """"' of 
the jurisdictions studied, an effective administrative uechanism must be 
tn place and have the support of those affected by the proposed 
management scheroe. It muet also be remembered that approaches to 
manag""'"-nt may vary significantly according to differences in the nature 
of the ecosystem's association with tb.e land mass, naditional patterns 
of resource exploitation and local perceptions regarding the continued 
availability of these re~ourceo. Little cooperation 1<ith respect to 
quotas, for instance, can be expected in an area where a resource is not 
perceived to be on the decline. lt should also be noted that for any set 
M management objectives that can be proposed, SO!Pe o,ay be in direct 
~onflict with others. This situation results from the disparity in 
J.ntHests betwe= various levels of a developing economy. It is under 
these circumstances that local users, given the alternatives and the.it 
consequences, will initially have to sel development priorities. 



RECOM!iENDATlONS 

Rec=endations fur further research on interactions between coastal 
ecosystems 

Projects of most basic and i=ediate importance in fonning a foundation 
on "hich to base decisions on management of COa$tal nso,,rces are lhted 
below. 

1. Coastal habitats as nursen~s for fauna of other marine haOitats 

a. Adams et al. (1973) claim that 75-90% of marine c=ercial 
and sport fish species in Florida depend on estuarine 
hbitata for at least part of their life cycle. ls this 
apprndmately applicable to comm<!rcial and sport fishea of 
tropical Pacific islands? Thi• is an important piece of 
info=-ahon for coastal manage,..nt policies or dedsions. 
An estimate of th@ dollar value of estuarine and other 
coa,tal habitats in terms of fiaheries and second order 
econo<nic b...,eflts -'Ould be a useful figure to obtdn. The 
first part of this question must be ans,,ered before it ~-ill 
be possihle to ans~r the second part. This study should 
apply to crustaceans and molluscs as well as to fiohe•. 

b. 1-.e- seagrass beds or mangrove swamps necessary as nursery 
areas for any coral reef fishes7 A study should be made to 
deterndne if any coral reef fishes in the Pacific require 
other coastal habitats n a nureery. Dou the coral reef 
fioh comm,.nity structure near seagrass beds difht from 
coral reef fish community structure far from seagrass beds 
as a result of recruitment! Alternative factors such es 
fool for adults should be cantrolled or accounted for. 

2. Effects of land mass and water current patterne. 

a. The effects of terrestrial runoff, groundwater ,eepage, 
internal waves. water current pattens, and water resid@nce 
ti.., on coa.stal nearohore communities are the most important 
factors to study if w~ d~sire an understanding of the lslsnd 
ecnsystem that would allow us to make rational decieions 1n 
matters of coastal zone management. While it has b@en •h= 
that m.nigruves display a tenfold greater rat@ of production 
where influ@nced by terrestrial nutrient runoff, the 
influences of location in terms of the nature of the nearby 
land mass, current patterns, and allochthonous nutrient 
s.,,,ply has not been so "ell documented for seagrass 
communHies. A dhection for future studies to take sho,,,.J.d 
inc.lude a.ssessing the standing stock and the rates of 
productivicy of s@agrass beds at various sites and rdating 
chese measnres to availabillty of allochthonous nutrients, 
to water mov@rnent patterns, and to th suhsuatum and 
topographic characteristics of the nearby land ma.ss. 

b. Comparative studLe~ between rdatlvely pristine coastal 
areas and coaslal areas affected by hrnnan activlties nearby 
(such as reclai!l'lf!d wetlands or forests clear~d for 
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~- Trnditicmal methods of resomce man~gernent should be 
du~umented and assessed. 

h. The various t~aditional and present uses an<l Dateri~l• 
obcained from each ecosystem, including the contributi=s of 
each ecosystem to fisheries as nurserie.s or nutrient supply, 
should be evaluated in terms of an econe,mic unic uf measure. 
This 1nforma~ion ls often needed to docuoccnt coastal zon~ 
mana~eou,nt plans ~>1d proposals. 

4. Nutrient transfer oy foraging anim2.is 

a. Ir. the Caribbean, juvenile haemulid fishes ("grunts") feed 
on invertebrates =d small fishes in sea.grass beds by night 
and return to rest on the reef ])y day. Although s<>me 
species in the In40-Pac1fic may so1ll@tim.as follow this 
pauern M indiv!duds or small groups (e.g., perhaps 
(l[lathodentex, Monotaxis, Ma.color, apogonids, holocentrid,), 
are there ony fishes that forage at night in seagrass ])eds 
then aggregate on the reef in groups of hundreds during the 
day, repeatedly at particula; sites? The patterns of 
move=nt& of fishes between coral reefs and seagrass beds 
has yet to be documented in the PacHic. 

h. If daytime aggregations of fishes which feed in seagrass 
beds at n1g~t are fm.md cm coral reefs, do excretions and 
defecations of th~se tisheo have a measurable affect on the 
reef community' Are there greater concentrations of 
ammonium in the water and nitrogen and phosphoruo in the 
sediments end do corals gro~ faster at sites of these fish 
aggregations' This is apparently the case in the Caribbean 
(Meyer <ct al. 1983), although the evidence availabl~ 
to date for this process is not conclusive. Furth~rmore, 
there is no evjdenc•. available to d.ue to indicate that this 
process 1• of any significance on lndo-PAcific reefs. 

c. Do areas of coral reef bordering on sugrass beds or 
mang,oves support a larger biomass of reef Hsheo than 
comparable areas of reef margin bordering on other areas? 
If oo, is the increase in biomass o,ainly accounted for with 
specie• of fishes that forage from coral reefs into the 
mangroves or sea.grass beds? Edge effect, patch she, and 
habitat border effect per se should b~ controlled in the 
design of this study, These questions could also be asked 
about l~bsters and other organ is=. 

S. Biological interaction• between habitats 

a. In the Caribbean, juvenile haemulids feed on seagrasa beds 
by night and return to rest, defecate and e>ccrete on coral 
reefs by day. Are there any Us<les that follow this pattern 
of be~av1or on Pacific reds (perhaps Gnathodentex, 
Honotaxis, !'.!.acolor)' 
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Recollllll<!ndations for manage.,..nt action 

l, lnstitutional1'e any traditional r~ef tenure systems or 
managen,ont practices that are effectiV@, t.here ~hey exist. 

2. Develop a "framework" regional plan base<! on regional standards 
that are flexible enough to account for cultural <l!ld 
environmental differences. A regional plan shuul<l include 
management objectives giving perfor-mance standards and 
guidelines by which they can be attained, criteria for the 
development of fragile ecosystems, provisions for anvironmental 
impact assessments, and regi<mal standards for such parameterS 
a, ~ater quality, relative species diversity and biomass based 
on baseline data. 

3. Each Jurisdiction should then develop a local plan <hthin the 
guideline.o of the regional plan which ohould include 
administrative mechanisms and legal authorities necessary to 
achieve regional management objectives, 

4. Establish a system of marine reserves, especially in ar~as 
readily accessible to academic institutions. 

5. Create a regional advisory board consisting ol a cadre of those 
familiar with trOjlical ecosystems to aid in locd 
de.cisi<:m-making by administrators and resource users, 

6. In jurisd;ctions "here tnditional hunting is &n important 
cultural activity, link valuable species to environ .... ntal 
tnanageinent through conservation education. 

I, Map ecosyatelllS throughout the region dHermining regional 
environmental standards relative to environmental atatus and the 
current uses, 
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