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PREF ACE

Thirteer years ago the United Netions Conference on the Humen Envirorment (Stockhalm
4=16 June 1572) adopted the Actiem Plan for Lhe Human Environment, including the
teneral Principles For Assessment and Control of Marine Pollution. In the light of
the reaults of the Stocikdwlm Conference, the United Netions Beneral Agaembly decided
ta esgleblish the United Notions Emvirocrment Pragramme (HNEP) to “serve s g focal
point for environmental action and eo-ardinabion within the nited ketions systen®
(Genersl Assembly reeslution 2997(XX¥I1) of 15 December 1972). The orgenizetions of
the United Metione system were invited “to edopt the measures that may be reguired
te undertske concerted end cs-ordirated programmes with regerd to  international
envirommenlel problems”, end  the  “intergoversmental  smd  non-aovermmental
araenizations thal heve sn interest in the field of the ervironment” were also
invited "to lend their Full support end collsboretion to the Unjited Wations with g
view to achieving the largest poesible dagree of to-operation and co-ordinetion®™.
Subgeguently, the Governing Council of UNEP chese "Oceans” as opne of the prioritw
arems in which it would fecus efforte to  fulfil its catelytic end co-ordinet ing
role.

The Aegionel Seas Frogramme wae imitiated by UNEF in 1974, BSince then the Governing
Council of UNLP hes repeatedly endorsed e regional sppreach to the control of marine
pollution and the menagement of merine and coaslel resources and has requesled the
development. of regicnal sctiom plans.

The Regianal Sees Progremme at present jnclodes eleven region= 1/ end hes aower 120
coastel States porticipeting inm it. It is conceived mg an sction-priented prO4 T RRME
baving conrcern not only for the consequences but also for the cauzes af
enwvironmental degredation end enrompassing s comprehensive approech i combating
enviranmental problems through the management of marine ond coestal sress. Esch
regionel ection plan is formuloled accarding to the neads of the region gs perceived
by the Gowvertments concerned. It is desigred to link assessment af the quality of
thwe merire environment and the csuses of jts deteriorstion with activities for the
merafemeant and development of the marire and cosstal environment. The ection plans
prompie the peralle] QEvelupment nfl regionel legal agreemente amd of actior-oriented
programme activitiess" |

The idee for a regional South Pacific Environment Menagemest Programme cams from the
South Pacific Commission {SPC) in 1974, Consultetions between SPC and UNEP led, in
1975, to the cuggestion of organizing 2 South Pacifie Confererce on the Huoman
Ermvirorment. The South Pecific Buresy for Economic Co-operation [(SPEC. &and the
Eevnemic and  Socisl Commission for Asia end the Pacifie (ESCAPY soon Joined SPC'=
initiatjve end UNEF supported the development of what becase known s the South
Pucific Regiomal Enviroresoent Proorsmme  {SPRCPY  as pert of ite FRegiongl Geas
Programme.

———

17 tediterreneen, Kuwait Action Plan Region, Weet and Central Africa, Wider

faribbesn, East Asien Smas, South-East Pecific, Soutk Pacific, Red Ses and Gulf
of Aden, Fastern Africs, South-West Atlantic and South Asian Sees,

2/ UNEF: Achievements snd planned development af UMEP's Kegiona]l teas Programme

gnc comparable programmes sponsored by other bedies.  UMEP Regional Seas Hepaorts
anc Studies Mo. 1. IKEF, 1%82Z.
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ECOLOGICAL INTERACTLONS BETWEEW MANGROVES, SEACHRASE BEDS, AND CORAL EEFPS

Charles Birkeland

Introductio

Coastal ecosystems have been of particular importance ta tropical Facifice
islanders because islanders have always depended upam coastal warine
tescurces foT at least 90% of thelr snimgl protein (Johanoes 1977). The
vational menagement of tropical coastal ecosyvstems should be of worldwide
interest because mangroves, seagrass beds, and coral reefe are amcng cthe
mest  productive ecosystems, wmaripe or  terrestrial (Table 13}, In a
literature review by Lewis {1977: Table 2), seagrass beds and coral reefs
Tanked higher in gross primary productivity per o per year than other
ecosystams, including sugar cane fields in Java and the outrient-enriched
Peru current. Mamgrove ecosystems suppiied with allochthomous putrient
loput produce comparable levels of gross primary preductivity {Lugzs and
Snedaker 1974: Table ). These thres coastal ecosystems are alse of
interest because of rheir geographic prevalence in the Parlfic islands.
These ecosystems provide or influence the Lmportant natural reszources for
Pacific islenders.

According to Adems et al. (1973), it ie generally accepted thar 75-90% of
marine commercial and eport fish specles depend on eetuarine hsbitats
during at least part of their life eyele. Even if the svailability of
estuarine habirats is critical for only one period in the 1ife of an
organism, the availabilicty eof the habitar is {mporcant for the guccess of
the population. Estuarine habicets ce&n be imporcant for Fishes and
invertebretes either as nurseries for juveniles, as & source of food for
adulcs, ocr both. HMost of the producrcivity of estuarine habitats is a
resnlt of the production of wmarine vascular plants: MmEngrowves
seagrasses or marsh grasses (Solley et al. 1%62; Teal 1962; E.F., Odum
1861, 1971; Lugo er gl, 19732,b; and especially Beald 1971 and W.E. Odum
137) which were cited in Snedaker and Luge 1973). Sincs mapy commercial
and sport fishes are dapéndent on estuarine babitats and since the majar
pertion of the preductiom of estuvarine havitsats is fromw maripe vascolar
plants, one might expect bthat the primsry prodoction of marine wvascular
rlants should be dimportant for fisheriles. Howewer, thils dossn’t
vecessarily Enllot, The favoreble influence of marine vascular plents on
figheries might npt be & direcr rvesolt of their Llarge peloary
productivity but instesd mipght be 2 result of their influences rowards
stebilizing the physical eovironment, providing habitsat amd refuge
contriburing to tha Jerritel food chain through baceeria and other
wicrobes, or funrrioning in a role a8 substrate for epiphycic algae or
bacteria. If this is the case, then the primary productivicy possibly
could be vtilized more efficlently by Pacific f1alynds and this is & nitor
taple rhat will be addressed in thiz reporc.

Whether nearshore fisheries are mainly dnfluenced by marine wvascular
plants threugh primary productivicy or by some cther fector, the sffecr
is there, Skud and Wilson (1960); Darnell (1958, 1961, 19%67); Sykes and
Finucane {1%66); Smith et al. {1966); Odun and de la Cruz {1967); Wood et
al. (1969); Heald and Odum (1%70); Crondin epd Mensuweti (1971Y; Odur and
Henld (1972); Carr and Adams (197%); Snedaker and Logo {1973); and Heald
¢1971} and W.E. Odum (1971}, both cited in Snedaker and Luge {1971,



docunented the dependency of commereial and sport fishearies on astuarine

systems ip which the marine vascular plants were the mpajor primary
ptoducers. Because of this, the estimares of che monatary value of parice
vascular plant habltats are very high. For exanple, on the west coast of
Florida alone, where the commercial fish productiem is dependant upon the
preductivity and crganic export from mangroves, the wholesale value of
commerclel fish catches was worth $10.4 milliem in 1971 (Adams et al.
1973). The esrimated valus of fisheries is sevaral times greater when
gecondary economic benefits are taken inte account. The mangroves which
support the fisheries would therefore be found to have a large economic
value if monétary estimétes were made. If sstimarez wers made for the
potentinl monsatary value of marine vascular plant commpnities te Pacdfic
iglamd economies, the value would be hiph in relstion teo the rotal
Econmt ey,

The potential yleld by arriszamal fisheries of coral reefs and lagoons is
of about Che same magnitude as is the aoffshore tuna harvest, at least for
Micronesia (Jobannes 1977}, For exmample, the potential harvest of reef
fish in Pelay by artisenal fishermen ig becween 2,000 and 11,000 Cons per
vear while the commercial skipjeck tuna fisheries of Falau harvesced
between Z,000 agd 9,000 tons annually between 1565 and 1974 (Mitchell
1%75%; Johannes 1977).

There iz a rremendogs amount of literafures on mangroves, ssagrass beds,

and cvoral reefs, bur there is wery little literature om inreractions
berween these three ccastal ecesystems. Bikliopraphies pertaining to
mengroves {Thurgood 1%68; wvan Tivne and Snedaker 1%74; Rollet 1981)
ipclude over 6000 references. Kent W. Bridges {(Department of Botany,
University of Hawali) has a bibliography for seagrasses with over 2400
references. A& comparshle biblispraphy feor coral rpeefes would be much
larger. Despite this ovetwhelminpg macs of literature on theee three
ecosyEtems, neartly all rthe papers deal with particolar ecosystems or with
Interacrions berween the particular ecosvstem and terrestrial or offshore
environtents.

Because of the importance of these ecosysteme to the peaples of the South
Pacific islande as sources of proteln angd ocher resources as well ae for
logistic reasons, human settlement and wrban development on islands has
generally concentrated in coastal regionk, especizlly in harbors where
they exist, and along rivers which dvain inte coastal areas nearby. So
while <oastal resources are traditionally the resources most heavily
utilized, they are also the areas which most directly and immediately
feel the impact of wan's developmental activities such as land-clmaring
aod pollution. An understanding of how the ¢oastal ecosvstems functiom
and inkteract with each other and with the abutting cervesttrial and
effshore areas is of primary Importance a6 a basis on which to make seund
raetiornal decvisions in developmental and comsral zone reaopurce znd land
CANAZEMENE MALTATE.

McHas (1963} sugpests that individual plamts or species should be
referred to as "mangrove” and the community as & whoele showld be referred
to as the "mangal™. This has atquited feirly wide acceptance among plant
biogeographers {Mson 1982), but we still do not see it commonly in the



transport substanrisl mncogh to affect the reef commmity is provided by
Meyar at g]. (1983). They measured the growth ratas of cerals in areas
where schocls of juvenile haemulid fishes {"prunts") vested during the
day, in areas whare the haewlide were absent, and In areas in which the
haemulide were present during the first year, then experimentally removed
for the next eight months. During the first year of rhe study, Two coral
heads (Porites furcara) near fish agprepations grew significantly faster
than did & coral head ne more then 25 m away, Warter ssmplez were taken
within & resting school of haewylids in a coral head and near 2 head in
an adjacent atea without the fish apgregation. A significantly greater
concentration of ammonium wae Found in fish aggregations. Mo differencas
were found between the two areas in concentratioms of molybdate-reactive
phosphorous. Sediment craps were also placed wnder a coral head with an
aggregation of fishes apnd wnder another head without an agpregation of
fishes. A significantly greater quantity of nitrogen snd phesphorous in
addition to particlee with significantly higher percentapes of these
putriencs were collected from sediment traps under schoole of fishes.
The results from the first year of the study thos indicated that juvenile
carnivorous fishes excrete encugh ammemioe and defecate enough particles
with nitrvogen and phosphorous from seagrass beds Lo significantly affect
the coral reef coomunity.

The ¢omelusions of the flyst year of the study by Meyer et al. (1983}
wera bhaged on correlatioms berween the lovations of fish aggrepations,
nutrient copntents of water and sediment, and groweh rates of raral. Ap
alternative explanation For this correlacion could be rthat figshes
aperegated vhere corals grew faster because the presence af nutrisnts
from sSome soerge other than fishes was benaficial to both fishes and
corals. To test this alternative hypothesis, the fish aggregation of 304
Juveniles wat removed from one of the corals wich a fish aggregation.
Besulres from this secomd set of tescs did not support their original
hypothesie Tigorously. There wae po significant differapce in prowth of
corals wicth and wirhownr fish aggregatioms (t = 1.3). The authors
gald this was probably becavse of a decreaseJ ndnber of grwmts fhaemulid
fiches) ower the coral with grunts, more squirrelfish ower the coral
withoet grunis, and weather-telated factors were obscuring ehe eftect of
aggregatione of grunts. Whatever the confounding facrors were, the
eaperiment did oot support conclusively the Typothesis of fish
aggregations in influencing the growth of the corals mearby. 1t would be
worthwhile to repeat the experiment in the Caribbean 1n order to clarify
the relarive importance of the various factors in iunfluencing the gruwth
of cotals.

fssuming that f£ish which forage over scaprass beds atf night zod rest ower
coral heads by day add = substantial input of nucrients te the rvaef
commundty and ¢en significantly inflpeace the growth of certain corsl
keads in the Laribbesn, we 5till cannet assume that this same
telationship will be found in the Pagific, TInitial impressiens of fish
community structure 1n the Facifie sugpest that the Interactions kebw=:zn
coral reefs and seagrass beds may be less substantiwve than in  the
Caribbean. The agpregatioms of restimp haemm]lids duripg the daytime on
reefs Ip the Caribbean are spectacular and appesar freguenkly im travel
brorchores and photographic books about Caribbesn reefs. Although Eishes
such as Cnathedentex, Momotaxils, holocentrids and apogonids may forage




halos aroumd reefs, TIo an elegant experiment (i.e., without the use of
arfificial materials such as cages), Dgder et =al. (1973) removed over
J090 archins from one petch reef and obzerved the repid growth of benrhic
algase on formerly bare substrata oo the patch reef. Howewer, Opden at
al. {1973} and Ogden {1574} did comment that herbivorous fishes in the
area of their studies were under Intense filahing pressure and theip
abundances may be unnaturally lew,

Haw [1981) and Hay er al. (1983) found that over 90% of the materizl
grazed from Thalassia near coral reefs was taken by herbivorous fishes.
Urehins removed lese thae 105, To further work in widely scattered arezs
of the Caribbean, Hay {1984a, b) foumnd cthat urchins were relatively
influential on benthic plant communities in areas where fishing pressure
by map was intensive and fishe= were by far the mest inflventisl oo
benthic plapt commypnities in wore pristine or "nacural" areas l1esxs
heavily fished by mpan. Hay (1984a, b] concluded thet much of cthe
research on the influence of herbivores oo benthic commmity structure in
the Caribbean was done at marine Jlaboratories in areas in which the
resident scieptiste recognized severe over-fishing was occurring. Hay
further warned that since much of the research in the literature m the
effects of herbivores on shallow tropical marine communities wes doune in
theee averfished areas, we may have a misunderstanding of the functioning
of these acomyetems becayse we assume cthese studles were done in
communities in their near-to-natuval states. Hay (19B8%a, b) conjectures
thar overfishing probably caused a drastic redouction in the ghundances of
predators of urchine (e.g., belistids) and %o urchins increaszed in
ahundance in overfished aresas by seversl orders of magnitude. It 1
interesting te noce the compatative ecarcity of urchins in Micronesia aw
compatred to the Caribbean (Table 2). Eerbaps Micromesia i xrill in o
relativaly natural EtAte mf compared to the Caribbesan. A wultitude of
alternative hypocheases could be invoked to ewxplain this difference
between oceans in urchin abundances, however, e.g., Currsnt pattearns,
phytoplankton densiries, etc.

It is possible that as fishing pressuce increases further on coral reef
fighest in the Pacific, echinolds will be somevhet relessed from predation
presoure &nd then become more abundant and influesntial. Ope of many
alternative possibiliries i1s that the abundances of vrchins in the
Pacifie resulc from sporadic recryltwer | success (Fbart 1953) rather chan
predatlon pressure on Adult urchins.

In addition to clearing or drastically reduclng the abundance of seagrass
blades im haloe in the seagrass beds atc the boundary of teefs, the size
and worphelogy of seagrass blades within the halo is &lso altered by the
acticp of bterbivores. Within heleos, the blades of Thalessia "form & flat
turl and tend to lie flac on the hotbow" {(Dgden and Ziaman 1977:379).

Although the influecce of harbivoras from a coral reef an seagrass
commnities iz well racognized, the influsncax »f the physical factors
such a8 currents and wave action having been altered by the presence of a
coral reef are not pracluded. Ogden sd Gladfelfer {in Ogden and Zieman
1977) showed thmt the phygical factors of water currents and wave mction
ware c¢learly Llnvolved in creeting & halc 1 m wide around an artificial
reef made of constructicn block: st a depth of 12 m.  Howewer, in



slight]y deeper water {15 m}, the currents and waves were not effective
ensugh to create a halo; wlgae and grazed sezgrasses grew right up te the
bage of the resf at 15 m (Opden and Zieman 1577).

I have not found any divect evidence in the litesrature for the influence
of herbiveres in creating haloe in seagrass beds in the tropical Pacific.
Halos do exist in seagrase beds in the Pacific ac the boundaries to petch
teels, but ripples and excavarions in the sand In the hele at the bare of
the reef made the influence of currents mud waves appear to be a more
attractive explanation for the haleo then the influence of herbivores.

Evhingids are generally Jese common 1n the Pacific, atr least 1In
Hicronesia, then in the Caribbean {(Table 2). Whether herbivores from
eoral reefs have a significant effect om the formation of halos, the
morpholegy, eize distributione, and abundances of esagrasses andfor the
species composition of the associated algal cemminitias In seagrass beds
has pot been documented to any extent in the Papifie, Thers may be
significant qualitetive differences between the Pacific and the Caribbean
in the nature of interactions between seagrass beds and coral reefs and
any research ofi this patter would be worthwhile,

While the tranefer of nutrients is almest entirely from the seagrass bed
te the coral reef (by urchins and carnivorous or omniverous fiches that
forage from the reef to the seagrzas bed at night and by nerbivorous
tishes that forage by day), the effects of interactions on community
etructure are almost entirely in the opposite direction, from the coral
reef to the seagrzss bed by herbivorous fishas and urchins (Ogden and
Gladielter 1982). I have found no svbsrantive evidence for incersctions
of thiz parure between mangroves and seagtass heds or between mangroves
and coral reefs. Interaccions between mengroves and. the other we
ecoeystems appear o be wainly through alteratiop of the physical
enviroament. '

Another form of interaction between coastal habitats osccurs when one
habitat serves as the nursery for a2 species which resides in another
habirat as an edult. Ogden and Zieman (1977) stated that seagrass beds
serve a5 purserles for juvenile Dicdon, Holoceatrus, Ocyurus, Acanthurus,
Mulioidichthys, and Halichoeree which appatrently sectle from the plankton
loto seagrass beds, spand time in seagrase beds growing as Juveniles,
then later take up residance on coral reefs. Opden and Zieman (1977)
report thet Dicden Juveniles are chserved o arrive between June 15 and
July 15 each year {for at least 3 years previcus to 1977) as dense
schools of thousands that presumebly settle §from the plankron.
Gladfelrter (in Ogden and Zieman 1977} says the schonls gre visible from
an airplane as large dark spots.

Snappers (Lutianidee), pgruets (Hiemulidae), .and the grest barrecuda
{Sphyraena barracuda) initially recruit te seagrass beds and mangroves.
Snappera are particularly dependent on msangroves as a nursery. The grear
barracuda spends its first year in seegrass beds and ite gapond summer
gmong the roots in the mangrove swamp (de Sylva 1963). It is interasting
to note that Sphyraena barracuda and the reef squid Sepisreuthiz ate
circumtropical except for the Facific coast of the Americas. Seagrase
beds are egsentinlly nonexistent alomg the Pacific coazst of the tropies
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production or nutrients or to interactions berween rthelr compenent
Species. Coral reefs, mangroves, and seagrass beds gll form sStructures
that influence water movements in a méuner that stabilizes the physical
enviromment. All three ecosystems produce sediment and, as a result of
thelr modification of water wmavements, all three ecosystems retaln
sediments. The role of seagrass beds and mangroves as DUTSEry areas way
e more 8 result of the habitat morphalogy than productlvicy because the
primary production thac goes directly into the herblvore food chaln may
be production from epiphytic algae whizh us2 the seagrasses and mangroves
as substrata rather cthan from the production of the seagrasses and
mangraves themeslves.

Coral resfs form barriers that dissipate wave evergy. Lagooms would pnot
exist wWithoutr coral reefs. Mangrowes and tropical seagrasg beds are
nearly always found in aress with reduced wave energy. Mangrove seeds
have been foamd Lo attach and take root where they would not have
otherwise because of the reduction in wave action braught about by smail,
stone, fish trap weirs (Saenger and Hopkina 1975). If mangroves have
been able to take root where they would not have ostherwiese because of
changes 1in water movemEent brovght abour by an artizanal, stome, flsh
welr, then it seewms guite possible that coral reefs allow some mangroves
to exiat where they would not have ctherwise by forming batriers which
ditsipace wave energy, By FEorming lagoons, coral reefs allow the
exietence of zeapraes beds Iin some areas where thevy would not otherwise
exisr. However, mangroves and ssagrass beds also exist in areas awey
from coral reefs, ip narural harbers or in the lees of podnts of land.

Mangrove forests also ocelude and abscorb terrescrial frashwatar rumoff
and therebhy buffer large salinity changes fn coastal waters. Both
mangrove Iorests and Sesprass beds trap and egtabilize madiments, forming
rich depoeitional hasips for sediments and reducing the sediment load on
copstal Areas. Coral reefs produce calcareous sedimencs  which
accumulate In the lee of reefs. Mangroves and seagrass beds produce
Eedimenre by deposlring lesves and blades. Epiphyric prganisms on the
prop yoots and blades and infaunal organisms in the sediments alsao
produce sedimenis.

All three ecosystems influence esch other fevorably by stabilizing the
physical envircnment. Coral reefs, mangrove forasts, and seagrazs haeds
all stakilize the physical enviroomenr by dissiparing wave action (mostly
by coral reefs), buffering szliniey zhanges (mostly by mangroves), and by
stabilizing sediments, All three #cosyetems slso produce sadiments.

Effects of land wass and Wabter movement patierns

The ecolopiesal interaction® between coral reefs, seagrass beds, and
mapngroves are complex and acedemically intaresting, At some lacations in
the Caribbean, the effects of chess Interaccions are maasurable as
documented in the previous sectlons. Howewver, coral reefsz can develop
fuily and survive ip the absence of nearby seagrass beds or pangroves.
lLikewise, seagrass beds apd mangroves gan develep and survive gway froe
coral reafs and away from each other. Therefore, interactions between
coral rTeefs, seagrass beds, and mengroves are not alvays cowmpletels
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particularly prevalent in developing areas where land is cleared for
agricultural development (Moberly 1963; Fairbridge and Teichert 1948) and
for housing and road eomstruction (Fan and Buornert 18969; Van Eapoel and
Grigg 1970; Van Eepcel et al. 1%71; Marages 1972; DiSalwo 1972; Wells et
al. 1973; Dodge er al, 1974; Johannas 1975},

Cetal reefz are the wost susceptible of the coastal ecosystems we are
comparing to damaging effects of siltation and terrestrial prumoff of
rutriepnts. Seagrasses have a greater tolerance of these factors and at
low levels may even benefit from s Eliphr increase. The mangrowve
ecos¥sten is the moat tolerant and geperally benefits from cerrestyial
runoff. It 4s clear that te make wise and rational decisioms 1in the
manigement of coastal acosystems and rescurces, we should pay particuiar
actention to underscanding the influences of land masses, terrestrial
input of waterials and pattemms of water movemsnt on the nearshore
cogstal ecOoBystems.,

The reason that chemical nutriente are generally sparse in tropicel ocean
waters ie because phytoplankton and benthic algae take up end generelly
deplete the nutriemts in the photfc zooe and the reservoir of nutriencs
in the water column belew the phatic zome 1= not generally availaeble
becauze the tropical seas ate rthermally stratified throonghour the wyear.
Despite these restrictions on nutrient availability, shellow tropical
benthic communities are very prodectlve (Table 1). The productivity of
ocean waterg 1s substantially increased naar land passes (Doty agd Ogurd
1956; Jomes 1962; Scrokim 1973; Gilmartin and Revelante 1974). This
"island mass effect” must result ultimately from either an input or =
rrolonged retention of nutrients. There are 4t least nine mechanmieme by
which the presence of a land mase could praduce an increase in input or
retention of putrlents: terrestrial rTuncff, groundwater seepage,
nittogen fixacicon by benthic organisms, benthic nutrisnt
regeneration, secondary productivity, internal waves, upwelling, eddring,
and increased residence time of water, There may be additicnal wavs in
which the pnature of the nearshore landmess cem effect the productiviey of
nearehore habitats. Bow these facrors imteract with coral reef,
seagrass, and mangrove ecosystems i of primery imporcance in understand-
ing and mapaging the ecosystems.

Evidence for the imporcance of terrestrisl runoff for nearshove Fisherles
can be found in Chidambaram and Menon (2945), Murty and Edleman {19883,
Aleem {1972}, Sutcliffe (1972, 1973). The effacts of terrestriel Twnoff
of nytrisnte on aspects of coral reef communities is discus=ed in Marsh
(1977} and Birkelend {1982}. An example of the influence of groundwater
iz presented In FitzGerald (1973). While influential proundwater seepage
and terrestrial unutrient runoff may oceur only at high i=lands, nitrogen
fization by blue-green algae is opperational at beoth high islands and
atells. The impeortamce eof Tpenthic nutrient regeneration and the
pagnitude of secomdary productivicy are presented in Johaones (1%67),
Johemnes apd Gerber (1974}, Gerber and Marshall (1974 a,b), Sournia end
Ricard {1976b}, Sournia (1977}, Scott and Jitts (1577), Lewis (1%82), and
Kropp and Birkelamd (1982),

Internal waves, eddying, upwelling, and increased residence time of water
arg gll influences on preductivity that are bkrought about by alteracioms
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the phyteplapkton have wvmdergone emough cell divisione to buildé up a
stending crop sufficient enough to support larvae of A. plansi, The
dispersion of water could also thin our the concentrarion of A. plenci
larvae as well as the food supply of the larvae. Studiez of fiszh larvee
indirate that upwelling of putrient-vich water leads to phytoplankton
blooms, but the movement of the upwelling waters dispersa foad oTgatlsns
50 that the food particles ste teo low in conrcapntration to suppurt larwval
anchovy growlh (Smith and Lasker 1978).

LAGOONS

By enclosing water in a lagoon, the productivity of an  ocherwise
vligetrophilc body of water might be enhanesd becauze vf the incraased
regidence time or cohesiveness of the water mass. A particularly
etriking example ol bicmass baing supported under extremely cligotrophic
conditions cam be observed im the enciosed lagoons of the Tuamotus.,
Takapoto is a raised atol]l with ap enclosed lagoan chat 1s appraximatﬁlg
16 km long, 4.5 km wide mnd averages 23 m deep, Thia 1.k 2 10°m

{roughly) of water 13 conmected to the cea by a couple of hoas that g
parson can easily wade acress. Therefore the lagoon must be ome of cthe
most seli-contalned of coral reef svstems with watere of particularly
long reczidence time, Soummia and Ricard {1575} found thilaceanic waters
Surroundigg Takapote to have low nutrisnt (0.3 1 at g £ HO.-H; .28
uat g & PG, -F)} and chlorophyll a(d.ii ug £ ) centents. itey elsc
found that the waters .within the enclosed fagoon have even lower
tutrients (0,22 y at g £ _yH0,-8; 0,12 woac g £7% PO,-F) bur much higher
chlorophyll a {0.46 pg £ °) Eontents. Yet che main industry of Takapoto
involves the production of pearls by filter-feeding bivalves, Tons of
bivalves (Finctada, Arcs, Tridacna! live in the lagoon despite the waret
being very sparse in nutrients. It may be that the enclosed lagoanal
system 18 s self-contained that the nutrients are quickly recyelad and
contained ip the biomass of the bivalves and fishes. The main effect of
an  atcll comes from its configuration which generally increases the
residence time of water.

The way ln which a lagaon functions leady us tc &2 conclusion concerning a
raticngl method of respurce manegement in lagoons. LEike the tropical
rainforests, ccral reef ecosystems mey be able to withstand pruning and
recyeling but not harvesting and exporting because most of the nurrients
are Tecycled and not imported. The temoval of living materials from &
coral recf commynity on & large scale might cause depletion &t a rate at
whizh the saystem would he umabie to replenmish and maintain itself. At
Takapoto, the oysters are harvested but only the pearle are exported, the
pear is eventually reeyecled inic the lagoon. If we serape a temperate
shoreline of barnacles, we would expact the barmacles to return in e YERT
ar ac; barnacles feed on imported suspended material. If we dredge ar
gynamire a reef, we might e=pect recovery to take a wvery great time
bezause the nutrients have been lost and 3 substantial rime may ba
required for the necessary processes to bufld up another stockpile.
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seagrass virtually disappeared {e.g., the black brant, cf. Cottam 193473,
However, the fishes and invertebrates generally dié not decrease 1im
abyndance during the die-off of Zogteva., Harrisemm and Mann (1975)
suggested that this was beczuse the accumulakted detritel reserwve of
Eeagracses decomposes so slowly that che foods god nutrients enter tha
food chain by decumposition at a faiviy constant rate, relatively
unaffected by any large veAT-to-¥ea¥ variatriems in proguctivity. In this
way vasculdr plents of coastal ecosystems gtabilize =ome {ood chains as
well as some aspects of the physical covironment.

Asgimilation of wascular plant materiasl by marine invertebrates and fiuhes

Detrital marerial fror mangroves and seapgrasses are often fuund in the
stomachs of marine irnvertebrates and fishes (Gunter 1945: Durnell 1958,
1461; Springer and Woudburn 1960; Haneen 1%6%: Odun and Heald 1972: Carr
and Adams 1973}, Thesc observations are ueed 86 documentation of the
importance of mangroves and seagrasses for zommetcial apd sport fisheries
(Zkud and Wilson 1960: Darnell 1967; Sykes and Finucane 1966; Scich ar
al. 1966; Odur and de la fruz 1967; Wood et al. 1969: Cromin snd Mansuet)
1871). While mangroves and seagreases are probably important  to
fiskeries as providers of structural sheleer and refuges for Juvenlles
from predators, as substrata for epiphvric algae and bacteria which in
turn  contribute substantially to the food web, and as sediment
stabllizers, there is evidence thet calls te guestion whether much of the
calories and nutrients 4n vescular plant material in the guts of
invertehrates and fishes 1s actnally being assimilated. Although
wangrove forests and Seagrass beds are amonng the most producktive eco=
systema in the world in ferms of gross primary productivity (Rveher 1%63;
MeRoy and McMillian 1977; cf. Tahle 1), it appears that over 90% of che
net prodoctivity 18 gofng into the detrital food web {Harrison and Mano
“975%; Kirkman and Reid 1979} and less than 10% inte direct herbivory,
dlthiough a notable amount passes through the guts of marine invertebrates
and fishes.

Ever decompesers apparently process wvascular plant material more slowly
than they process alpal or animal material. In temperate Arlantic
waters, the kelp Laminaria longicrurils decays rapidly and makes a quick
Bubstantial contribution to the decrital food web (Manu 1972a, b} while
the eelgrass Zostera mwarina decays slowiy, wich eonly 15% lass of dry
weipht, after 100 days at 205L in the laboratory in the prasence of
ahundant microorgonisms snd nutrients (Harrisom and Mann 19759, 0f chis
35%, B2F was from learhing and occurred even under sterile comdirions.
Coastal gediments in  eelgrass bede have accumulations of  slewly
decomposing eelgrass fragments as a reserve of organjc matter which
slﬁwly becomes avallable for benthic consumers. In estuarine creeks of
Georgia, over 0% of che detritus is from the mersh grass Spartina {Odum
and de la Cruz, 19677. However, leaves of Spartina may enter the
detritus slowly as they may die on the stalk and rewain attached upright
for leng pericds of time {Lopezr et al. 1%77).. Similarly, the distal
portiens of tropical seagrasses such as Thalaggia rewain sttached uvpright
long after they become senescent. The great amount of Thalassia blades
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was actually assimilated by the animals and alsc of giving the actual
initial zeource of carbon regardless pf the pathways through the food web.

Eodelli et al. {1984) anelyeod the sreble cerbon lsprope racios for pwer
600 animals frow Malaysian mangrove swamps, ceastal inlets, and offshore
areas. They fogund that carbon from mangrove rCrees was aboot equally
importent & cerbon from alegal scurces in the diets of organisme from
mangrove swamps. However, animals from collections made offshore showed
almast o carthon from mangrove rregf to be assimilated ints theiv tisgues
although manprovwe carbon waeg abumdant as detrilus gt these cite. ERodelli
et 8l. (1984} copcluded that fragmente rep=ining intect offshore were
apparently quite refractory Lo metabolism,

Mangrove aud seagrass leaves alse eppeared to be generally resistant to
digestion by marine iovertebrates even within the habitars (Rodelll et
al. 1984}y, The stable carborn  isotope rTEtic demonstrated that
cuspencion=-feadere {9 speclies of barnacler gnd bivalwes} livipg on the
prop=roots or low om the trunks of mangrove trees filtered water that
contained a ¢ubstantial amownt of mengrove materials while the cissuea of
the suspernslom-feeders were peparated mostly from algal sources.  The
tissuer of =pails thar preyed upen bammarles and mussels (Thais and
Murex) alsoe was derlved nltimately frowm algal sources owo trophic levels
below, Alpheus sp. and Upogebia sp. lived jin the mud aroumd the roobs of
mangrove trees, but the cerbon lsotope ratios indicated that they were
either selectively feeding or selectively assimileting algel mateclals
from the sediment (Rodelli et al. 1984).

In wangrove swamps, shrinps, corabe, and fisghes pensrally assimilated
approrimately equal propartiome of feods from wangrove and algzl sources
while ofishore populations only assimilaced alpal derived carboo (Rodelli
er al, 1984}, MNote that we are discussing what is being assimilared into
the tissues, not what is being comsumed, Much of Ehe detrital material
&vailable in the cediments and water column both offshore and in the
mangrove swamp Wwes derived from mangrove sgurcew. 1t is mest Iikely that
muck pf the sediment conwumed by crabs end shrimp living onm mud around
roots af mangrove trags and of the water filrered by Suspension- feeders
attachad to roots of manprove tyeee copntains i substaprial amomr of
material of mangrove origin. Apparently mererial of mangrove origin is.
usually resistant to the metabolie processes of marine invertehrates and
marine fishet so these gnimals more easily assimilate material of algal
prigin., Since proportionetely less of the availeble material of mangrowe
prigin is assimileted by offshore populatioms of shrimp, crabs, or
fishese, PRodelll er al. (1%84) were led to speculete that mangrove
taterials become even more resistant wich time during the ecffshore drifte
or transport. Studies by Golley et al. (1962} snd Wiebe and Pomeroy
{19727 also-suggest that mangrove and Spartfina material was metabolically
refractery. Haines (1979 and Haines and Montague {1978} also used the
stable carbom fsotope method to  trace the wulrimate source of
photosynthetic producti:a in Spertiss marshes. They found that Spartine
was less important and plankeonic and benthic algae wvete far more
important than was previously thought. While insects {(ppte that they had
evolved [n terrestrial hebitars) and marsh spails had c TEIUEE similar
to wvascular plants, mod=snalle, bivalves, and crabs had ¢/ 7C patios
similar to plamktonic and benthic alpgae.
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chemirals such as eelluylose ip wasculzr plants. The leeves of mATEYEVES
may be particularly diffiewle en decompose or dipest hecauce of tannins,
Tannins are prevalent in mangrove leaves and are the basis of the
ccentmic value of mangroves to the leather industry {Swain 1965 Haslam
15749). Tanmins are known to fovm complexes with protein snd to iohibis
the action of enaymes (Pridham 1962; Goldstein and Swain 1965). Bv this
mechanisw, tannios are known to inhibit the ability ef mierohes to break
down leaves {Handley 19413, launins inhibit the growth of tfungi
(Williams 1963} and the transmisslon of viruges {Bawden and Kleczkowski
1945; Cadman 19603, The colondzarion and miershial degradation of
mangrove leaves in seawater is delayed by the presence of tannins in the
leaves and-begins after the rtannine are leached putb (Benoib and Erarkay
1866; Cundell et sl. 194793,

The tennins released from decaying leaves and dissclved in the water can
inhibit the pgrowth of diatoms and presumably other phytoplankters and
theteby redoce the phytoplankton productivity iIn warers in 9T near
mangIvve swamps {Smayda 1970: Eutner 1575).

Tennin-containing plants are alsg repellart to herbivores such gs spaile
(Haberlandr 1914}, locustis (Shpan-Gabriszlith 1965}, and sheep (Wilkins et
al 1533}, and are actually texic to cattle, goats, sheep, rebbits, rats
and chickens {Bollshite &t al. 1962; Kingsbury 1964; Glick amd Jaslyn
1966 ; Vohre, Fratzer, and Joslyn 1966), This toxic effect of tamnins to
herbivores is probably larpely a result of formation of tasmin-pratain
complexes in the gastrointescinal tract which Tesults in & reductiom of
nitrogen assimllatien. The proportion of dietary nitTogen that was
egestad dincreaced by 2 fecter of six cempared te concrols when 2% tepnie
acid was insaypotated into the diet of rats (Glick and Joslyn 15647

The inhibitiom 'of growth of moth larvae by taaning was alsc suggested to
"be the vesult of the formation of relatively indigestible cnmple;es of
tannin with available procein, thus reducing dietary nitrogen
assimilation (Feeny 196%). Casein, when cowplexed with ocak leaf tanoin,
iz completely protected from hydrolysis by trypsin act pl 7.6 (Feeny
1970}, As little as 1% fresh welpht of ranmin in the diet of woth larvae
causes a Significant reduccion In larval growth rate god pupal weight
(Feany 1968). The degree of complex formatiom depends on the ratio of
pretein tc tannin conceptrations and on the time cf contect between
protein and tennin {Feeny 196%3), 1In pak leaves late in the season, for
example, the reatio of tammin to protein is about 1:3 and a caterpillar
would have to ingeet asbour 4 times the amount of lesf material that ie
would have had to if there were no tannins in order es obtain adequacs
nitrogen (Feeny 1970).

Plants store their tapmins io wvacucles, separated from the reet cof the
plant cell by & membrame (Nieremsteip }934Y. If the membrape of the
vacyole is punetuted, the tannins can be teleased and bring abouc
precipiratiom of protoplaswic proteins in the plaat cell {Doby 1965).
The synthesis of tannins is achieved cthrough a compley pathway that
requires a large quantity of sugere for both energy and structure (Haslam
15665 Feeny 1970; Zucker 1983). The effects of taounins in reducing
metabolic efEicleney of stimals, funpi, and bacterla result frow the
general formation of hydrogen honds, and perhaps covalent boads, with



- 23 -

winter food of the bhlack brant i3 eelgrass (Cottam 19347 &nd black brant
and Canada geese consume zbout 17% of the suvimer standing crop of
eelegrass in Alaska {(MaRoy 1966). When an eelgrass dissase killed
extenslve areas of Zostera marina on the east coest of the Uniced States
in the 19305, the black brant virtually disappearad (Cottam 1534},

Whereas gascropods, urchins, and fishes preferentislly feed om the puter
senescent portions of blades of seagrasses which are owvergrown with
epiphytic algae or microbes, green sea turtles (Chelonia wydas)
selectively graze at the bases of Thalscssig plants vhere they obtain the
youngest, least overgrowm portions (Bjorndal 1980, 1982; Mortimer 1581,
1962). ' After grazing an area, Cheloniz mydas will return and recrop the
same area, leaving adjacent areas of tall plants ungrazed {Bjorndal
1930). ERegenevating hlades have higher protein levels than untouched
blades (Dawes et al. 1979;: Dawes and Lawrence 1979} and by increasing
turnover, grazing by green sea tertles might facrease the productivity of
the area. Thayer at al. (1982} presented evidence that green sea rurtlas
gpeed up the process of decoopositicon of seagrasees. Although nurrlemts
are absorbed from the seesgrass waterial during the passage through che
digestive tract of the sea turtle, the seagrass material is fragmenkted
further and there i a two-fold increase ir amipo-acid coatent whichk
facilitates rapid decomposition of the fecal material.

Unlike herbiverocus invercebrates and fishes, green sea turtles avoid
bladee ¢ncrusted with epiphytic algas.  However, Chelonis mydes will
accapt algae in mreas where ceagrasses are scarce (Mortimer 1381).

Pugongs (Pugong dugon} feed almost exclusively on seagrasses (Heinsohn
and Birch 1%72; Heinschn et al. 1977). When seagrasges bacome Zcarce,
dugengs will feed on slgae (Heimsohn and 3Spain 1974), even consuming
yuantities of Sarpazsum _ESpain and Heinsohe 1973). The West Tndian
manates (Trichechus manatus) raogee more frequently between saltwater and
freshwater and so its diet 18 mors catholic (Campbell and Irwine 1977).
In ealt water, its mein food is probably seagrassee (Bertram and Beriram
1968} btut in freshwater they will eat water hyacinth, woody emergent
reads and caetails, snd even terrestrial vegetation within one foot of
the water (Anemymougs 1976; Campbell and Irvine 1977). Tmlike sea turtles
which bite of f seagrass above the substratum, dogongs rToot and dig up the
entire plant, including the thizomes. While feeding, dugongs leave
trails 19-2% cm wide, 3-5 cm deep, and 1-5 w long (Heinscohn er al. 1377).

Clearly, wmarine wertehrates that reinvaded the sea from terrestrial
origine avalwed from s past asspciation with rerrescrial plaors and hawve
the metabolir pathways that allow the digestion of seagrasses while
marine invercebrites and [ishes generally find seapgrasses difficult to
process metabolicelly. Invertebrares and flshee generally do not feed om
s major portion of the standing stockz of seagrasses and seaprasses do
not decay as rapldly as alpae. Despite the great primary praductivicy of
seagrass beds {Table 1)}, much of this production iz lost during the slow
process of entering the detrital food web. If populatione of green ses
turtles and dugongs were allowed to recover from oversxplolitation, they
might serve as & mechanism te explelt the production of seagrass beds
divectly cthrough herblvoery rather than fndirectly through the detrital
food web of invertebrates and fishes.
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T. Fritts {pers. comm,} pointed out chat while dsta on growth rates co
gexnal maturily in the natural eavironment are mot solid, it appears that
Chejopia mydaz on the Greal Barrier Reef and elsewhere in the Faclfic
genarally show slower growth rvates than do those around Flerida.  He
suggested that perthaps a greater portien of the dier of C. mydes is algae
in populations eof slower growing individeale a2nd iz Seagrass in
populations of faster growing individuals. He commented that occasionsal
mangrove shoots may be especially dimportant dn C. mydas diers in the
Galapagos where they do not optain other vascular plants. It would he
most interesting to test the hypothesis that, com the sverage, Chelonia
mydas grow significamtly slower aad nave a significantly greatar
propartion of elgae in thelr diets In the Pacitic in comparison with
populations in the Caribhean.

Summary and conclugions

Cpastal marime ecosyatems are particularly important ko Pacifie islanders
becavss most of the anlmel prorein of islands hae traditdonally come from
ppactal resources and hecause human settlemsncs hawve tended to be in
coastal regione for leopistic rteasons. an  understanding af the
functioning of coastal marine ecosystems is impertant both becauvse the
resources need motre careful manapgement as the human populations grow and
because human activities will hawve rhe preatest effectks oo coascal
anviropments where populations are cencentrated.

Fishes and invertebrates forage ouc from coral reefs onte seagrass beds
and return for shelter, In the Caribbean, fizld studies have Indicated a
flow of nucrients from the seagrass beds ko coral reefs such that a
greacer biomass of fighes is found on veefs near seagraes heds. Also,
eoral ecolonfes aprew fastar near the fish-apgregation sites on reefs {(For
fishes rthat ferags in seagrass beds) than do coral celonies away from
fish-eggregatiog aites. Seagrass beds and WENEIroye Swamps SeIVE  AS
nursery areas for several species of reef fighes., While nutrients move
frowm sgagrass beds to coral reefs, the effects of species intéractioms on
community structute are in the other direction. Coeral raef herbivores
infiuence the struciure of plsnt communities in the seagrass beds near
reafz, Parific reefs may differ froc Caribbean reefs in this regard.
Echinoide are far less commen in Micronesia than in rhe Caribhean.

The waln effects af coastal habirais on each other are ion stabilizing the
physical environment by diseiparing wave action (especlally by coral
reafs, which form lageons), im buffering salinity champes {mainly by
mangroves) and In stabilizing sediments (by =Seagrasses, mangraves, ot
corals). All three ecosystems ales produce sediments and provide
supstrata for bacreria, epiphytic aslgae and animals. Seagrasses may
provide a steblllzing effect on the detritsl food web because thée slow
rates of decomposition provide a regular flew of nutrients durlng periods
of fluctuation in primery productiviey.

Although the ecnlogical imteractions herween coral reefs, seagrass beds,
and wangrove swamps are oomplex and  academically dnteresting, the
evidenre din the llteraryre indicates that these interactions ete of
negligible importance in  comparisen te  the influence of the
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MANAGEMENT TSSUES BEGARDNING INTEGRATED TROFICAL MARINE TSLAND ECOSY STEMS

Deborah Grosenbaugh

introducriom

The managament of marine resources traditionally hae bee: an integrgl
part of tropical  TPacifie 1slapd culfurees, However, as growing
populations approach the limited carrving capacity of igland ecosysrems
and Western cultural dInfluence places new strains an  treditional
management practices, choieces often will have to be made between
competing peeds for economic development and resource protectionm.
Although local perceptions concerning how to best allocate the available
Tesources ameong compebing uses may differ, user groups ere equelly
constrained by the vulpnerability of these resources to humen exnloita-
tion. In many cases, the expaneiem of the lorcal ACoMOTY takes precedance
over the obgervance of rhese limits, capsing Irreversible damage ewven
before a2 problem is perceived. Infortunately, for a variety of reasens,
the legsons learned in one ares are rarely applied elsewhere. It is this
lack of wmderstanding regarding the cause-and-effecc that results in a
iimitation of future oprtions, end the lack of informatrion exchange
relative to shared experlences that 1s addressed herein,

In devising regional mgnagement options, it must be taken inro considera—
tion thet, while the Facific Ocean unites the islande into 8 single
environmenal encicy, great distances have promoted the evolution of a
variety of political, cultural and economic factrors char will requirse
localized approaches to management problems.

In deweloping eriteria, it must be realized that in an integrated
approach to the menagement of coestal marine ecoSystems, the object is
net be manage the environment itself but to manags the use and
develeopment of that epvironment wirhin limits that ensure malntenance and
integrity of critical ecosystems, Hnfortunately, tropical {sland
ecosystems have boen shown L0 have narrower limlts than rheir coutinentel
counterparcs, making them lass tolerant of envirommercal perturbation and
thus more sensitive to humarn activities. Management schemes that may
have been successfully devised for femperate, continental svsrems canpat
hé ditectly applied to the islands of the tropical Pacific withoutr first
undertaking regional =semsitive environmental assessmen: and monicoring
programs. The kind of acsesfment and monitoring that weuld be required
to arrive at quanticative eriteriz on which to base management decisions,
however, 1s a luxury that can exceed the rescurces of developing island
écenromies.  In fact, the scope of such a projert probably would far
exgend the resources of the entire reglon. It is therefore necessary te
develop flewible parametrie guldelines based on the hest availabls
information and to monitor their effectiveness within reasonshile limits.
Far example, Johannet (1%80) nores that te deterrine maximum or optimug
fustainable yieid in a wmultispecies wrepf and lagoon firhery is ap
untealistic gzoal. He suggests that z better appraoach would be to strive
for a moderately scable increase in the vyields of pverexploited
fisheries. This approach {5 the one we have tried to keep in mind in
making our recomsendstions basad on our assesgment of current efforts to
manage trepical ecastal ecosyicms,
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Tabie &4 {cont.)

Fiji

4.

Trochus Act, 1975, Establishes reserves at Aitutske, Parmerstom and
Manuze.

Territerial Sea and Exclusive Economic Zone Act, 1979. Provides for
repgulaticns for the protectiom of the marine envivantent and
fieheries reecources,

Land Coneerwarion gnd Improvement fet, 1953, Establishes the Land
Conservation Board which is responvible for the supervieion of water
rasources, stimulaclon of public interest regarding patural
Tescurces, and recommendations for comservation leglslation.

Naticpal Trust of Ti3i Ordinemece, 1970. Provides for the development
of parkes and regerves.

Fisheries Act, 1942, 7Prohihits fishing in native customary fishing
grounds withoul a license.

Tisherieg Regulations, 1965-1572, Contrels the use of fish fencas,
nete, polsons, and procects tertles and porpoise.

Provisions eomtralling the pollution of ceoastral waters are incloded
in:

Native Land Regulaticns

Mining Repulations

Rarbor Act, 1574. PFrohibits the pallutien of harbors and coastal
wWatrers.

Mapgrove Regulaticns. A license is requized {or the exploitsatien or
reclapation of mangrove stands,

French Folynesia

ruem

1.

Fisheries Leglelatioa. Provides for the protection and management of
marine and coastal resources.

Forestry Repulatioms, Controls deforestation by clearing and bush
firves.

“arine oll peollutien is prohibited by lawv.

Applicable U.§, Federal Legislation. {See american Samca, #1).
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Tahle & (come.)

3.

Law HNo. &4-1331, 1964, Prohibkits seawater pollution by bydrocarbons.

Decree No. 405, 1510 {gs amended}. PFrohibits deforestacion of
cartain hill slepas and river bapke,

Decree 54-11106, 195. Authoriges the Mining Pollution Contral
Commission to determione pollution control measures,

Fishk Protection (Qrditance

Environmentel Protection Ordinance

Fapua New Guinea

l+

Fltcaim

Hational Coustitutlon (Fourth Coal). Declares natiomal policy
to be the conservation of natural resources for the collective
benefit of all and of future generations.

Conservatlom Areas Act, 1978, Provides for the establishment of
censervation areas and the criterie therefor.

Mational Parks Act, 196H (as amended). FPlaces the adeinstration of
patks under the supervision of g Hetiomal Parks Board.

Taupa Protectlica and Comtrol Act, 1966 (26 amended)}. Allows {or
the establishment of sanctuwaries and protected areas for parcicular

cpecies,

Environmental Contaminants act, 1978, Regulres a license for the
disciarge of pollutants into coastal waters,

Eovironmental Plapning Act, I1%78. Invokes planoing procedures when
inadequate consideration has been given to environmental effects of

dewelopment.

Timber Exkraction Permits require the institutiopn of resfforestatiom
programs.

Merchant Shipping Act. Ceontains provisien four marine i) pellution
of coastal warers.

Coral Harveeting Lew. Ceontrals the taking of coral.

Island

Fisheriee Zone Ordinance. Empowering legislation for the management
of fisheries respurce.
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Tahle & (¢ont.)

3.

Tuvaly

Vanuatu

cpeclific Legicslation and Begulaticms

Code of the Federated States of Micronesia (FSM), 1982.
Establishes regularions for the tuking of ses curtles,
tleck-lip mothep-of-pearl oyster sheill, Trochus: prohibits the
usze of expleosives and poisong; lists endangered epecies;
creates the suthority for the managswment of marine resources.

Ponape State (FSM). The Marine Resources Censesvation act of 1961
empowers the Direptor of the Department of Resourcecs gnd
Development to repulate the taking of Trochus, black caral,
parrotfish, grouper and mangrove crahb.

The Fepublic of Belau regulstes the taking of fish {size limits}),

tridacpnid ¢lams, mangrove crab, leobster, and sea turtles. The
taking of dugongs is prohibiced.

Wildlife Comservation Drdinance, 197%, GEnabling legislaticm for the
desipgnarion of wildlife sanctuaries.

Fishevies Ordinance, 1977. Forbids the wse of explosives for
fizshing.

Prohibited Areas Ordinance. Providee for the declarariem of
Yprohibited areas".

Harbours Ordinance. Prohibire the discharge of sewage or oll icto
harbeurs withour permiesion.

Constitutlion. Declares that 1t 1s the moral duty of avery person to
protect end sefegusard netional wealth and environment.

Fisheries Act. Contains provisions for the cestablishment of marine
reserves.

Joint Regulation He. 17, 1968. TProtects crayfish In coastal waters.

Joint Begulation Me. 7, 1975, TDrohikits night underwster fishing on
the coast of the ielapd of Efare,

Joint Ferestry Regulatiorn Ho. 30, 1964, Pronibits deforestation in
declared farest aress except under permit.
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Tahle 5. Provisions for the establighment of marine ecosystem sanctuaries
througheut the trepical Pagifiec repion.

Enabling Legis-
Tagiom

Prapoged Marine
Fanccuaries
0T Beserves

Eotablished
Marine Sane—

Luaries or

Reagrves

American Samoa ¥ - X
Commoowealth of the

Horthern Marienas X X X
Crook Jslands X x X
Fiiji X 5 *
French Folynesia 5 X
Guem X X
¥Kiribati X X
Hauru

Hew Caledonia X X
Niune ’
Fapua Wew Guinea X X A
Pitcairn

Solomon Tslands X X x
Tokelau

Tonga X X b
Trust Terrvitory X X p4
Tuvalu X

Yanuatu
Wallis & Furtume

Westemn Samaa X 4 &
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designation will reguive lacal. gcceptance through either wvestigiail
traditional mores or conservation educarion:

1} Sratus Quo

The first task imvolved in congldering management alternatives is to
determine if the formulation, implementatien and enforcement of a play
are cost-affective, In many cases, an analysis of traditiomal management
measures will show that they provide the protection neceésary ta mainialn
designated environmental paramerers withio tojerable limits. Recognition
and legal Imetitutionslization of traditicnal laws such as rteef tenurs
systems may be all that ig required at this poeint in time, An exawple of
a system that seems (o ensurs that environmental stendarde Er< met is the
reef tenure systew that remains in force in Yap Lagoom.

In a case such 2= thie, where it can be shown that the traditjonal
conservation system etill prorects che integrity of the lagoonal
ecosystem, it should be left intact and einply wonitored- for serious
departures from lecally established eriteria.

In some instapees, though, reliance on existing traditional authority is
not encugh., Where Western economics and techoolegy have made inrnads,
but have not seriously affected Custimary patterns of marine resource
use, legislation legltimatizing traditienal uses me¥ be the answer,

2) Instituriomalize traditicmel EYstems

Should 1ir be determived that the most practical approach to resource
menagement is lepislation recognizing traditional exploitation practices,
the success of such a program will depend on close coordination with the
local ueers, Additiomally, as Johamnes {1982) points out, any legal
authorities sust be flexible and responsive to thange, such that rustoms
are net “locked in'", prevemting the natural evolution af the syetemn.

This approach has been mpplied with apparent suceess in Papua Mew Guines
in relation to the management of eercain wildlife Epacies, wmost notably
the dugeng (Tupong dugen) (Hudsom, 19807.

In mest fircumstances this type of specieb-specific munagement technique
will not be cost—effecrive in dealing wich ttopical sysrems (Johannes,
1980},  Because of characterictically high species diversity in the
tropics, mo opme or twe species deminatres catches, even 1f efforc is
restricted to certain gear types., For this reasen it is generally
necessary to devise policies that anticipate epvironmental perturkations
not only within, bub outside, the entire coastal ecogysiem, rather than
the pigcemsal, curative approach that dominstes ig]and managmeni schemss.

It should be ooted, hewewver, thaet thers ate some particularly wvaluable
species that may be respemsive to a species approach, Where this is the
caze, tradirional appreciation for the gpecies znd 1ts need far MATLAZE~
ment can paysibly be used to engender a willingness to accept rertain
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pressure 1In ¢he near [uture, retionalizarion of conservation and
managewent optioas Will require a different appreach than that of a
population that is capable of sustaining limited hwmiiong pressure.  (me
such approuch could ke to engender am appreciaticn for the beaszts aad the
assoclated eeosystems as z tourist actraction for the growing munber of
divers that vigit Palau.

Whereas gpecies with limited migration patterns responé to local manage-
ment schemes, a reglonal approach will be required for the conservation
end management of another imporcant marine herbivore, the greern sea
turtle (Chelonia mydas) throughouc its range. Extensive migration of
this specles precludes a local gpproach to management fssuas, Tabhle 6
illustrates the diversity of protective measurss throughout the study
area. & regional plan wiil have to be devised thar considers a system of
breeding, nesting and feeding sanctuaries combined with regiocual guide-
Mpes for the taking of ftertles. Local plane that are responsive to
traditional, subaistence taking could then be develgped witiin these
guidelines, Balazs (in press) suggests conservation measures for Tokelau
that are reasenable for ateas where it can be shown that turtlas hunting
iz tradirional and necessary.

Where traditional systems have completely broken down, such as generally
is the case in the Mariana Islands, a different approach e reguired. A
favorice food fish of the indigenocus populations of the Marianas 1s the
Tabbitfish (Siganus spp.). These fish are harvested doring all stages of
their life cycle, incliuding threse times at which they pre most vulnerabie
to exploitation: during recruitmest when they come over the reef in
dense aggrapgatione (Kemi and Tkehara, 1976) and durlng spawning when they
agnin apggrepate Iin a etupar-like state

In the past, islapnd populations were limited, amd no more was taken than
could he immediately consgwed or preserved by tradirlenal wmeaps, But
given improved gear technolegy (monofilament, small-wesn nets) and better
merheds of preservation and storage, these fish appear to be exploiced
over the mavimum sustainable yield as indicated by appavent population
declines in tecent years. The fact that these fish are also harvested
during spawning glves credence to fishermen's observetions that che
nummber of adults on the teef is mueh lower than In the past.

Gpam Tieh and Game lpws permit the uwse of small mesh nets for the

Urraditional harvesting of juveniles". Thie creates additional problems
in that incidental catch of other species is unregulated and seasons are
not  established. Consequently, In practice, it is legel to use

monoiilament, small-mesh nets under any cirvcumstapeces. Tn a cese such as
this, regulations should be enactéed ro permit the harvest of the
Juvenilea only at desipnated loegticons and the wse of small-mesh nets
orly be allowed during seasomal tuns., 1t ie interesting to note that
attempts on the part of Guanm's Division of Agquacic and Wildlife Resources
to regulate juvenile fish harvest have wet with resistance from those
clalming the "traditional rights" to do so. Jobannes (19E21) has observed
that willagers, even In riwote areas, will invent "traditiomal rights" if
it is advamtapecus.
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-nad sale or export of shells less than 35" (89 em} io
length
-no taking of eggs

Endangered Species Aet of 1973 applies with subsistence
provisions for preen sez turtles; however ir ig nor
being strencusly enforced pending political status
negotiarions. Lecal regulationa apply:

Coda of the Federared States of Mjerouesia, 1982
Republic of Belau Fish and Game Regulatiem, 19F2

-no taking 1 June to 31 August, and 1 December to 31
January

-op taking oo land .

carapace length must be greater than 34" {85 cm) for

" green sea turtlee and 7" (67 cm) for hawkshills

-o¢ taking of epgs
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preserve, zoral harvesting was prohibited., When an attempt was made to
clese the area to net fishing, several fisherman put prewsure on their
senaters tu repeal the law om grounds that it was discrigpinatory.
Thereapon, & prohlbition on all caking of marine 1ife was enacted by
public law for a trial period of one wear. Doring the ecoupse of that
vear, enforeement proved to he = difficelt that a contiouation of
sanctudry SELELUS Wwas nolt pursned.

The acceptante of the rconcept of sanctuaries by the locel users 1s of
paranount Ifnportacee in predicting the surccass of any regulatary actempt.
wovernments must be able fo cdemonstrate some discernible banafite af
establishing reserves, The uspeculztrion that thay will serve as seed
areas for desirable species and maintain genetic diversity of the whole
integrated scosysten does not tramslate inte higher fisherles yields and
improved standards of living. Benefits wmust be coocrete: legai
recognition of local vwillage authority, lease payments, protection from
oucside encroachment, tourist dollars, etc. Omly them cam the system
function.

Concluzions gnd general recormendations

Devising a rtegiomal approach ERo the napagewent of tropical coastal
ECOSYSTEMS PreSents some unigque probilems. 411 nf the islends of the
tropical Paclific share a comkon dependence on marine rescurces, HowWewer,
the existence of a diversicy of political, colturel and economic factors
makes the development of a universally applicable management strabegy
impracticel. Add to thils the biological implicatioms inherent in the
asgpciation of these erosystems with different islend types, and che task
of making recommendatioms that are relevent to the sntire region is
further compliceted, Therefore, the recommended approach iz to devise a
set of meaningful regional management objectivers wich which to gulde the
development of local plans.

Prerequisite for my wmanagemant program is & set of well-defined
objectives thit can be clearly understood. In the abeeace of such
objectives, decizdons teud te be ad hoc, disorganized amd comcradictory.
Even vwhen manzgement objectives gre defined, as Is the cese in some of
the Jurisdictions studied, an effective administrative mechanism must be
In plece and have the support of rhoze affecred by the proposed
management Schems. It wmust =zl150 he remembersed that approachss Lo
manapgement may vary significantly accovding to differences im the nature
of the ecosystem's association with the land wase, traditional patterms
of rescurce exploirarion and local perceprions regarding the contiousd
availability of these regyources. Little cooperation with respect to
guotas, for Instance, ¢om be expeited in an area where a resource Is not
perceived to be on the decline. It should also be noted that for any set
of management objectives that cem be proposed, some mav be in direct
conflict with wothers, Thie situvation resnlts from the disparity in
intareets betwesn varicus levels of 3 developing econsmy. Ic iz under
these circumstances that locel users, given the altarnatives and their
consequendes, Will initially have to cet development pricrities.
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RECOMMENDATIONS

Becotmendations for further research on inferactions between coasrtal

ECUBY ELems

Projects of most basic and immediate importance in forming a foundation
on which to base decleions on management of cpastal resources are listed
below,

l. Coastal hakitate as nurseries for fawme of other marine hebitarcs

a. Adams er al. (1973) claim rhat 75-90% of marine commercial
and sport fish specles in Florida depend on estuarine
habitate for at least part of thair 1ife cycle. Ls this
approxXimately applicable to commercial and gport fighee of
tropical Pacific islanda’ This 1s an important piece of
information fer coastal masmagement policies or decisions,
An estimate of tha doilar velue of estuarine and other
coastal habicats in terms of fisheries and eacond order
ecoponic hemef{its would be a uwseful figure to abtain., The
firet part of this question must be answered hefore it will
be possihle to answer the second parc, This etudy should
apply to crucstaceans and molluscs as well as to fishes.

b. Aze seagrass beds or mangrove swamps NeCEeSSATY a5 MUTEETY
areas for any eorel reef fishes? A study should be made to
determine if any coral reef fishes in the Pacific require
other coaetyl habitats 23 a nureery. Does the coral reef
fish community structure near seagrass beds differ from
coral reef fish commmity seructure far frem seagrass beds
as g result of recruirment? Alternative factore such as
food for adults should be eomtrolled or sccounted for.

2. Effects of land mass and water corrent patterns.

a. The effects of terrestrial runsff, groundwater seepaga,
internal waves, water current patterns, and water residence
! tima on Zoastal nearshore communicies gre the most impeortant
' factors to gtudy if we desire an understanding of the jsland
f ecogysten thar would allew us to pake rational decisions in
matters of coastal zime management. While it hes been shown
that mangroves display 2 tenfold preater rate of production
where influenced by terrestrial nurriept runoff, the
influences of locarion in termy of the nature of the nearhy
land mass, current patterns, and allochthonous nutrient
supply has not been so well documented for seagrass
communitias. A direction for future studies to take sheowld
include apsessing the standing stock gnd the rates of
productivicy of seagrass beds at various zites and relating
hese measnres to avallebility of alloehthonous nutrients,
L Lo WaLteT movement pattermns, and to the substratum and
E topographie characteristics of the nearby land mass.

b. Comparative gtudies betwesn velatively pristine coastal
aredas and coasial areas affecred py human activities nezrhy
{such as reclaimed wetlands or forests clearsd for
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Traditliomal methods of resource manegement should be
ducumented and aesegsad.

The warious traditional gnd present uses gnd materiagls
obtained from sach ecosystem, including the contributioms of
edach ecosystem te fisheries as nuvserias ov nutrient supply,
shpuld be evaluated in terws of an aconomic unit of mpeasure.
This Information ie often meeded to docunent coastal ZOTe
management plans aud proposals.

4. Kutrient tranefer by foraging animais

d.

It the Caribbean, juvenile haemulid fishes ("grunts") faed
on invertebrates and smsll {ishes in seagrass beds by night
and Teturn to rest op the reef by day. Although some
species in the Indo-Parific may somerimss follow this
pattern as individuuls or small groups (e.g., perhaps
Gnathodentex, Monotaxis, Macolor, apogonids, holocentrids),
are there any {ishes tnat forage at night in segprass beds
then aggregate on the reef in grovps of hundreds during rhe
day, repeatedly gt particuelar sites? The patterns of
povements of fishes between carel reefs and seagress heds
has yet tfo be documented in the Pacific.

1f daytime aggregatisns of fishes which feed in GEagrass
beds ar night are found om coral reefs, do excretlons and
defecations of rhese fighes hawve a measvrable affect on the
teef community? Are there grester conceontrations of
ammonlum in the water and nitrogen and phosphorus in the
tediments and de corals grew faster at sites of these fish
aggregarionz? This is apparently the c¢ase in the Carilbbean
(Mever et al. 1983), althoughk the evidence available

to date for this precess iy not ecomelusive. Furthermore
there is no evidence availgble to dare to indicare that this
procese 18 of any significance on Indp-Facific reefs.

Do areas of ¢oral recf bordering on seagrass beds opr
MANETOVES support m larger hismazss of reef fishes than
comparable areap of reef wargin borderimg om other mreas?
If go, is che increase in blemass mainly sccounted far with
specles of fiehes that forage from coral reefs into the
mangroves or seagrase beds? Edge effect, patch size, and
habitat barder effect per se showld be contrelled ia the
design of this srudy. These questions could also be asked
about Ilnbeters and other srganiems.

5. Binlogieal interazcticns betwesan hahicats

d.

In the Caribbean, juvenile baemulids feed on seagrass beds
by night and rerurn to rest, defecate and excrete on ecaral
creefs by day. Are there any fishes thet follew this pattern
of behavior on Pacific reefs (perhaps Gnathodentex,
tionotaxis, Mecoler)?
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Fecommendations for management action

ll

?l

Ingtiturionalize any traditional reef tenure svstems or
management practices that are effectiwe | where thev exist.

Develop 2 "framework” regional plan hased on regicnal standards
that Bre flexihle enough to account for sultural and
environmental differences. & tegional plan shoeld include
managemsnlt chjectives giving performanre standards and
guidelines by which they can be attained, criteria for the
development of fragile ecosystems, provisions for environmental
impact assessments, and regiomal stapdards for swch paramatars
25 water gquality, relatlve species diversity and biomass based
o baseline data.

Each jurisdicticn sheyld then develop a local plan within the
guldelines of the regional plan which eghould include
gdministrative mechanisme and legal authoriries necessary to
achieve regional manageament oblecrives.

Estaklish a system of maripe Teserves, especially in sreas
readily accessible to academic inscitutlons.

Create & regional advisory board consisting of a cadre of those
familiar with tropical ecosystems to aid in local
declsion-making by administretors and rescurce users,

In jurisdictioms where rraditional hunting is an important
tultursl activity, link wvalusble speries ro environmental
managemant through comsevvarion education.

Map ecosystems throughount rhe region determining regional
environmentel standards relative co environmental status and the
CUTTENL UBec,
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