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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
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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.
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