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ECOLOGICAL INTERACTIONS BETI-J'EEN MA.~GROVES, SEAGRASS BEDS, Al.~D CORAL REEFS 

Abstr:J.ct 

Coast:J.l m:J.rine ecosystems are particularly important to Pacific islanders 

because most of the animal protein of islands has traditionally come from 
t 

I 

coastal resources and because human settlements have tended to be in coastal 

regions for logistic reasons. An understanding of the functioning of coastal 

marine ecosystems is important both because the resources need more careful 

management as the human populations gro\v and because human activities will 

h::1ve the greatest effects on coastal environment where populations are 

concentrated. 

Fishes and invertebrates forage out from cdtal reef onto seagrass beds 

and return for shelter. In the Caribbean, field studies have indicated a flow 

of nutrients from the seagrass beds to coral reefs such that a greater biomass 

of fishes is found on reefs near seagrass beds and coral colonies grow faster 

ncar the aggregation sites on reefs for fishes that forage in seagrass beds 

than do coral colonies a\vay from fish aggregation sites. Seagrass beds and 

r.1.:mgrove swamps serve as nursery areas for several species of reef fishes. 

~~1ile nutrients move from seagrass beds to coral reefs, the effects of species 

interactions on community structure are in the other direction. Coral reef 

herbivor...:s influence the structure of plant communities in the seagrass beds 

near reefs. Pacific reefs may differ from Caribbean reefs in this regard. 

Cchinoids are far less common in Hicronesia than in the Caribbean. 

Th.:: main effects of coastal habitats on each other are in stabilizing the 

;1h:-·si,:.<l c'nvironr.Jent by dissipating \vave action (especially by coral reefs 

·.;ili.c.::1 ~-,)r::-: L:..;oons), in buffering salinity chanbes (nninl:,: by mangroves) .:md 

. . • :::: t, 1. ~ ~ L i.:: i :-t..; s ~ d i ::r.e n t s .. All three ecosystc;:ns also prodt.:ce sediment::> :.1nd 

for bacteria, epiphytic and animc.l.s. Sea:; ClSSes may 
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provide a stabilizing effect on the detrital food web because the slow rates 

of decomposition provide a regular flow of nutrients during periods of 

fluctuation in primary productivity. 

Although the ecological interactions bet•v-een coral reefs, seagrass beds, 

t. 
and mangrove swamps are complex and acad~ically interesting, the evidence in 

the literature indicates that these interactions are of negligible importance 
-......;--~---~-----,-~ .. ~ ... ...,__,__~--"-.... -~~ > - ~. ..~-·· •• • _,..., ...... , _ _,.,. •• '" -~·•·'·"""'"'""''"'"~""' .. 

in comparison to the influence of· the characteristics of coastal terrain, 

topography, substratum, and water current patterns. The latter are the 

factors more important to understand when attempting to make practical 

decisions for coastal resource management. }fungroves are an order of 

magnitude more productive in areas with input from terrestrial runoff than in 

areas lacking external nutrient sources. Fully developed coral reefs, 

seagrass beds, and mangrove swamps can exist in isolation from each other. 

The ~2in effect of lagoons is in increasing the residence time of water which 

provides an incubator effect on the food web. Estuaries facilitate high rates 

of production because they are sediment traps, sites of concentration of 

terrestrial nutrient runoff, sites of upwelling driven by river runoff or 

tidal action, semiprotected ·from •v-ave action, and because they generally 

provide favorable physical environments for mangroves and seagrasses. 

Despite the great rates of gross primary production, the predominant 

portion (90%) of energy and fixed carbon from primary production in mangrove 

S\,·ar.lps, seagr.:1ss beds, and estuaries is not consumed directly by herbivores 

but enters the food web as organic detritus. Hangrove and seagrass leaves are 

relatively rcf~.:1ctory to decomposition in the marine environment and to 

Ji ~0stion :mJ :Js.sir:Jilation by marine invertebrates .::md fis:1es >vhic:l have a 

.!_.:·:;c.: hi.stcJr:: '-'L •.2'!olution in the marine environment. The tannins in mangrove 
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leaves inhibit decomposition ·by microbes, digestion by herbivores, and growth 

of phytoplankton in the surrounding waters. 

Hangroves and seagrasses have evolved from terrestrial plants that 

reinvaded the sea. The herbivorous ve)tebtates that have evolved from 

terrestrial vertebrates that reinvaded the seas (e.g., green sea turtles and 

dugongs) feed extensively on seagrass. We suggesc that if we prevent 

continued overexploitation of green sea turtles and dugongs, allowing their 

populations to expand, then harvest them in a rational manner, we will be able 

to obtain more protein from tropical seagrass beds because of a greater 

proportion of the primary productivity being directly assimilated by 

herbivores. Concomitant with greater production of protein by direct 

utilization of the primary productivity, the primary productivity itself might 

be increased under greater grazing pressure by increase turnover rates. 

Dugongs, however, root up seagrasses entirely and therefore may have 

damaging effects on the nurseries of fishes and crustaceans. Studies should 

be mo.de of the interactions between seagrass beds and herbivorous marine 

vertebrates at Pacific isla~ds because natural systems are usually more 

complex than they first appear. Seagrass beds are among the most ·productive 

ecosystems in the world, yet little of this production goes directly into the 

herbivore food web, so it is worthwhile to investigate the potential outcomes 

of these interactions for the resident islanders. 
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Introduction 

Coastal ecosystems have been of particular importance to tropical Pacific 

islanders because islanders have always depended upon coastal marine resources 

for at least 90% of their animal protein (Johannes 1977). 
t 

I 

The rational 

management of tropical coastal ecosystems should be of worldwide interest 

bec.:lUse mangroves, seagrass be~s, and coral reefs are among the most 

productive ecosystems, marine or terrestrial (Table 1). In a literature 

review by Lewis (1977: Table 2), seagrass beds and coral reefs ranked higher 

2 
in gross primary productivity per m per year than other ecosystems, including 

sugar cane fields in Java and the nutrient-enriched Peru current. Mangrove 

ecosystems supplied with allochthonous nutrient input produce comparable 

levels of gross primary productivity ( Lugo and Snedaker 1974: Table 2). These 

three coastal eco- systems are also of interest because of their geographic 

prevalence in the Pacific islands. These ecosystems provide or influence the 

important natural resources for Pacific islanders. 

According to Adams et al. (1973), it is generally accepted that 75-90% of 

marine commercial and sport fish species depend on estuarine habitats during 

at least part of their life· cycle. Even if the availability of estuarine 

h-.J.bit.:lts is critical for only one period in the life of an organism, the 

availability of the habitat is important for the success of the population. 

Estu:1ri1'.e habitats can be important for fishes and invertebrates either as 

nurseries for juveniles, as a source of food for adults, or both. Most of the 

;:r-JJu,:ti·:it:; o: estuarine habitats is a result of the production of marine 

•:.tsc:ul:1r ~Lwts: mangroves, seagrasses or marsh grasses (Gol2..ey et al. 1962; 

:·~·.ii ~·)·1:.:; :· 7' OJum 1961, 1971; Lugo et .:11. 1973a,b; and especi.::tllv Heald 

i::,: .:. I~. ,_;J,~::J 1971 '.vhic:1 • . .Jere cited in Snedaker and Lu;o 1973). Since 

.... ~ . ~ . ~-::::::--!rCL-lL ;J.UJ sport fishes are dependent on estuarine h.:1bit.:1ts :.md since 
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Table 1. 

1 

-2 -1 Average gross primary productivity (g C m yr ) in terrestrial and 
marine habitats (from Lugo and Snedaker 1974; Crisp 1975; Lewis 
1977). 

1 Mangrove forest 
Tropical seagrass beds # 

Coral reef 
Tropical algal communities 

Peru current 

Sugar cane fields 
Sewage treatment ponds 

Kelp bed 
Spartina marsh 
Estuarine benthos 
Temperate algal communities 

Coniferous woodland 
Deciduous woodl2nd 
Nangrove forest 
Field grass 

Long Island Sound plankton 
Eutrophic lakes plankton 
English Channel plankton 
Sargasso Sea plankton 
North Sea plankton 

Open ocean near coral reefs 
Barbados 
Rongelap 
Ha~vaii 

Oligotrophic lakes plankton 

2300-5074 
~ 4650 

·~ 

4200 
3836 

3650 

3450 
1800 

1750 
1600 
1320 

920 

800 
785 
511 
500 

470 
75-250 

135 
134 
100 

so 
28 

21-37 

7-25 

;Receives wet season terrestrial nutrient runoff 
-Lacking obvious external nutrient sources 



the major portion of the production of estuarine habitats is from marine 

vascular plants, one might expect that the primary production of marine 

vasculor plants should be important for fisheries. However, this doesn't 

necessarily follow. The favorable influence~ of marine vascular plants on 
II 

fisheries might not be a direct result of their large primary productivity but 

instead might be a result of their influences towards stabilizing the physical 

• environment, providing habitat and refuge, contributing to the detrital food 

chain through bacteria and other microbes, or functioning in a role as 

substrata for epiphytic algae or bacteria. If this is the case, then the 

primary productivity possibly could be utilized more efficiently by Pacific 

islonds and this is a major topic that will be addressed in this report. 

l<ihether nearshore fisheries are mainly influenced by marine vascular 

plants through primary productivity or by some other factor, the effect is 

there. Skud and Wilson (1960); Darnell (1958, 1961, 1967); Sykes and Finucane 

(1966); Smith ct al. (1966); Odum and de la Cruz (1967); Wood et al. (1969); 

Heald and Odum ( 1970); Cronin and Hansueti (1971); Odum and Heald (1972); Carr 

and Adams (1973); Snedaker and Lugo (1973); and Heald (1971) and lv'.E. Odum 

(1971), both cited in Snedaker and Lugo (1973), documented the dependency of 

cormnercial and sport fisheries on estuarine systems in which the marine 

vascular plants were the major primary producers. Because of this, the 

estimates of the monetary value of marine vascular plant habitats are very 

hi:;h. For example, on the ,.,rest coast of Florida alone, where the commercial 

fish production is dependent upon the productivity and organic export from 

~.:J.n::..:rc\'es, t!1c '-:iwlcsale value of commercial fish c::ttches '"as worth $10.4 

,~~ilL~0:1 in i97l (.\Ll:lms et al. 1973). The es t:im3 ted valu2 or fish2ri2s is 

~0\cral :i~cs :~rcater when secondary economic benefits ::tre t3k2n into account. 



large economic value if monetary estimates were made. If estimates were made 

for the potential monetary value of marine vascular plant communities to 

Pacific island economies, the value would be high in relation to the total 

economies. 

# 

The potential yield by artisanal fisheries of coral reefs and lagoons is 

of about the same magnitude as ~is the offshore tuna harvest, at least for 

}licronesia (Johannes 1977). For example, the potential harvest of reef fish 

in Palau by artisanal fishermen is between 2,000 and 11,000 tons per year 

" while the commercial skipjack tuna fisheries of Palau harvested between 2,000 

.:md 9,000 tons annually bet\veen 1965 and 1974 (Mitchell 1975; Johannes 1977). 

'*" There is a tremendous amount of literature on mangroves, seagrass beds, 

and coral reefs. Bibliographies pertaining to mangroves (Thurgood 1968; 

van Tine and Snedaker 1974; Rollet 1981) include over 6000 references. Kent 

:;. Bridges (Department of Botany, University.of Hawaii) has a bibliography for 

seagrasses with over 2000 references. A comparable bibliography for coral 

reefs would be much larger. Despite this overwhelming mass of literature on 

these three ecosystems, nearly all the papers deal with particular ecosystems 

or with interactions between the particular ecosystem and terrestrial or 

offshore environments. There is very little literature on interactions 

be t·..:een the three coastal ecosys terns: mangroves, seagrass beds, and coral 

reefs. 

r.~causc of the importance of these ecosystems to the peoples of the South 

:'~1-: i. ::"ic isL1nds as sources of protein and other resources as well as for 

tJ~i~t~-: r~asons, human settlement and urban development on islands has 

·.::...:r.1u·: •>Jnccntr:J.ted in co.:.1stal regions, especL1llJ in h.J.rbors \.Jilere they 

· ....... -:J._' drain into coastal are.:1s ne~1rby. 



are also the areas which most directly and immediately feel the impact of 

man's developmental activities such as land-clearing and pollution. &1 

understandi~g of how the coastal ecosystems function and interact with each 

other and with the abutting terrestrial and~ offshore areas is of primary 
I 

importance as a basis on which to make sound rational decisions in develop-

mental and coastal zone resource 'and land management matters. 

In this report we will review the scientific knowledge of the 

interactions between coastal ecosystems in order to summarize what appear to 

be the general conclusions at this time and to suggest the most pertinent 

areas in which research needs to be directed. Then we will review the 

projects related to these goals that are now underway in the SPREP region and 

list the research facilities in the area. Finally, we will revie\v and 

evaluate the existing legislation related to matters of management of coastal 

marine ecosystems. 

Nc~ae (1968) suggests that individual plants or species should be 

referred to as "mangrove" and the community as a whole should be referred to 

as the "mangal". This has acquired fairly wide acceptance among plant bio-

g•~o~raphers (}!ann 1982), but we still do not see it commonly in the" ecological 

literature (Snedaker and Lugo 1973; Lugo and Snedaker 1974) so we chose not to 

use this extra term in this report. 

~~utrient transfer bv movements of animals 

The inter::tctions between coral reefs and seagrass beds has been revie\ved 

bv Ogden and Zic~mn (1977) and Ogden and Gladfelter (1982). Nutrient transfer 

from se::t~rass beds to coral reefs occurs as a result of the foraging of fishes 

,irh.i in\·er::c.:i.Jr:.:t·.:s out onto the seagrass beds for food and :::he excreting or 

C:e:·..:..::.lti.:~·.; ,Jn the coral reef by the fishes ::tfter returning for shelter. This 

:.::~:u:: -:::: ::ucrie:H.s to the cor-al reef ecosyster.'. rrc'm ne:1rby s~agrasa beds h:.1s 



, phosphorous from seagrass beds to significantly affect the coral reef 

\ .. 
community. 

The conclusions of the first year of the study by Neyer et al. (1983)were 

based on correlations bet\veen the locations tof fish aggregations, nutrient , 
contents of water and sediment, and growth rates of coral. An alternative 

explanation for this correlation could be that fishes aggregated \vhere corals 

grew faster because the presence of nutrients from some source other than 

fishes was beneficial to both fishes and corals. To test this alternative 

hypothesis, the fish aggregation of 304 juveniles was removed from one of the 

corals with a fish aggregation. Results from this second set of tests did not 
y 

support their original hypothesis rigorously. There was no significant 

difference in gro,vth of corals with and without fish aggregations ( t [ 17 ] = 

1. 36). The authors said this was probably because of a decreased number of 

grunts over the coral with grunts, more squirrelfish over the coral without 

grunts, and weather-related factors were obscuring the effect of aggregations 

of grunts. 'i.Jhatever the confounding factors were, the experiment did not 

support con- elusively the hypothesis of fish aggregations in influencing the 

growth of the corals nearby. It would be worthwhile to repeat the experiment 

i:1 the C<lribbean in order to clarify the relative importance of the various 

f~ctors in influencing the growth of corals. 

Assu~ing that fish which forage over seagrass beds at night and rest over 

Ct)ral ile.:tds by day add a substantial input of nutrients to the reef community 

,mJ c:1n ::;ignificantly influence the growth of cert.:tin coral heads in the 

en· i~~h~.:m, '.>e still cannot assume that this same relationship \.Jill be found in 

Initial impressions of fish community structure in the P:1cific 

_. _ _,.:; ;::j..;:::~::lt~·:~ than in the Cinibbe.J.n. The .:tggregations or resting haemulids 
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the Caribbean. To my knowledge, there is no indication in the literature to 

date which indicates that fishes are more abundant near seagrass beds in the 

Indo-Pacific because of nutrient transfer. In fact, to my knowledge, no 

documentation has been obtained in the Indo:facific of large-scale movements 
6 

of reef fishes onto seagrass beds to forage for food. 

It has been speculated that excretion and defecation on the reef by 

fishes that feed in seagrass beds may provide a significant input of nutrients 

into th~ coral reef ecosystem (Ogden and Zieman, 1977). The first, and so far 

only, direct correlative evidence for nutrient transport substantial enough to 

affect the reef CO!Th"11unity is provided by Heyer et al. (1983). They measured 

the growth rates of corals in areas where schools of juvenile haemulid fishes 

("grunts") rested during the day, in areas where the haemulids were absent, 

and in areas in which the haemulids were present during the first year, then 

~xperirr.entally removed for the next eight months. During the first year of 

the study, t~,;o coral heads (Porites furcata) near fish aggregations gretv 

signific.:mtly faster than did a coral head no more than 25 m mvay. Hater 

s.:.1r::ples \.:ere t.:~ken tvithin a resting school of haemulids in a coral head and 

near .:.1 head in an adjacent area without the fish aggregation. A significantly 

greater concentration of ammonium was found in fish aggregations. No 

Jifferences were found between the two areas in concentrations of molybdate-

reactive phosphorous. Sediment traps were also placed under a coral head >vith 

.m ~1g(.\reg.:ltion of fishes and under another head without an aggregation of 

.\ s i~nificantly greater quantity of nitrogen and phosphorous in 

;,;,:it.~·-~n t0 :;:irticles tvith significantly higher percento.ges of tlu~se nutrients 

··<'r'·.' c'.Jl ~·-"c:r:,_,.j trc:n sediment traps under schools of fishes. Tlle resulcs from 

.:,_: : ::·.~:: ·:,~·:ll· .Jf tile study thus indico.ted th.:1t juvenile c2.rnivorous fishes 

J.mmonium and defecate p.:1rticles '..:ith nitrogen ;lnd 
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; ' 

\ 'phosphorous from seagrass beds to significantly affect the coral reef 

"'\ 
community. 

The conclusions of the first year of the study by Heyer et al. (1983)were 

based on correlations between the locat~ons f. of fish aggregations, nutrient 

contents of water and sediment, and growth rates of coral. An alternative 

' 
explanation for this correlation could be that fishes aggregated where corals 

grew faster because the presence of nutrients from some source other than 

fishes was beneficial to both fishes and corals. To test this alternative 

hypothesis, the fish aggregation of 304 juveniles was removed from one of the 

corals with a fish aggregation. Results from this second set of tests did not 
,..... 

support their original hypothesis rigorously. There was no significant 

difference in growth of corals with and without fish aggregations (t [ll] = 

1. 36). The authors said this was probably because of a decreased number of 

grunts over the coral with grunts, more squirrelfish over the coral without 

grunts, and weather-related factors were obscuring the effect of aggregations 

of grunts. Whatever the confounding factors were, the experiment did not 

support con- elusively the hypothesis of fish aggregations in influencing the 

zrowth of the corals nearby. It would be worthwhile to repeat the' experiment 

in the Caribbean in order to clarify the relative importance of the various 

f~ctors in influencing the growth of corals. 

Assuming that fish which forage over seagrass beds at night and rest over 

cor:1l lle.1.ds by day add a substantial input of nutrients to the reef community 

.mli c.:1n ::;ignificantly influence the: growth of certain coral heads in the 

\.',1::-i~:h~:ln, •,:e still cannot assume th:1t this same relationship \.Jill be found in 

Initi:1l impressions of fish community structure in the Pacific 

·~t ·.~·.::;t :::...:t c:12 inter3.ctions beto;.;een coral reefs 2nd se.:1gr-ass beJs m:.1y be 
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during the daytime on reefs in the Caribbean are spectacular and appear 

fr~quently in travel brochures and photographic books about Caribbean reefs. 

Although fishes such as Gnathodentex, Menotaxis, holocentrids and apogonids 

' may forage out over seagrass beds then re~urn to the reef for shelter, they do 

not appear to rest in such large aggregations as do haemulids in the Caribbean 

and so the influence of their nutrient transport might not be measurable. 

w'hether the pattern observed in the Caribbean (Heyer et al. 1983) is also 

found in the Pacific is an important question. Is there a substantial number 

of fishes which forage over seagrass beds in the Pacific and return to coral 

reefs to rest? Does excretion from fishes in aggregations on reefs in the 

Pacific provide enought nutrients to increase significantly the grmvth of 

nearby corals? 

Another form of nutrient transfer from seagrass beds to the coral reef 

might take place over a longer time frame as a result of seagrass beds 

functioning as nurseries for juvenile reef fishes. Juvenile Diodon, 

:!ulloidichthvs, Ac.:1nthurus, Halichoeres, holocentrids and lutjanids may settle 

from the pLmkton and complete early stages of growth on seagrass beds, 

eventually migrating to coral reefs as they become larger (Ogden ·and Zieman 

1977). 

Biological interactions between habitats 

The influence of coral reef animals on the community structure of 

se::;:;;r:1ss beds ~t the border of the t>vo habitats was first described by Rand:1ll 

~L1i)j) then stud~d e:-:tensively by Ogden (Ogden et al. 1973; O:::;Je:n 19/6, 1980; 

il.:C..:,.;:: ::Hl :~ic.:::~,m 1977; Ogden and Lobel 1973; Ogd~n :1nd Gladfelter 1982). 

' . .'l1i:.<..! ::u:r~ent tr'1nsfer is essenti~lly a one-,,r~y flou fron scagr.:1ss to coral 

. - . 
~s ~ result or nocturnaL foragin~ of juvenile carnivorous fishes, the 
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majority of the effects of animal activities on community structure are in the 

opposite direction, from coral reef to seagrass beds, as a result of nocturnal 

foraging of urchins and diurnal foraging of herbivorous fishes (Ogden and 

Gladfelter 1982). Herbivorous fishes and UJ:i.Chins create "halos" (bands of 

bare sand or heavily grazed seagrass) around coral reefs where they border on 

seagrass beds in the Caribbean (Randall 1965; Ogden et al. 1973). 

The biological factors that create halos were first suggested by Randall 

(1965) when he observed a halo forming around an artificial reef he created 

with construction blocks. Although the possibility of the halo being caused 

largely by changes in current patterns or other physical factors brought about 

by the presence of a large structure such as a n~tural or artificial reef was 

not controlled for in his study, Randall's observations of fish behavior and 

population growth on the artificial reef supported his hypothesis. Randall 

(1961) also constructed a large (1 x 1 x 1 yd) fish-exclusion cage to study 

the effects of grazing by fishes on the benthic community. A normal abundance 

of urchins (16 Diadema antillarum) \vas in the fish-exclusion cage. The algae 

within the cage increased greatly and the 16 Diadema rapidly increased in size 

by a factor of three, suggesting that grazing by fishes was. the most 

influential factor in regulating the abundance of benthic macroflora in the 

tropics. Urchins apparently ate voraciously and grew rapidly but were unable 

to restrain the increase in algal abundance within the cage. 

Odgen et al. (1973), on the other hand, presented a strong argument that 

urchins were more important than herbivorous fishes in the creation of halos 

around reefs. In an elegant experiment (i.e., without the use of artificial 

.. 
~.J.t·2rl~1l.s sucn as c1ges), Ogden et al. (1973) removed over 7000 ur...:hins from 

,_,n~ :1:1tc:: re~!: ;::,nd observed the rapid grmvth of benthic alg::te on fon::erl:: b:.1re 

Hmvever, O::;den et al. (1973) and Ogden (1')76) 



Jid corr::nent that herbivorous fishes in the area of their studies were under 

intense fishing pressure and their abundances may be unnaturally low. 

Hay ( 1981) and Hay et al. (1983) found that over 90% of the material 

grazed from Thalass ia near coral reefs wa~ taken by herbivorous fishes. 

Urchins removed less than 10%. In further work in widely scattered areas of 

the Caribbean, Hay (in prep.) found that urchins were relatively influential 

on benthic plant communities in areas where fishing pressure by man was 

intensive and fishes were by far the most influential on benthic 
S­

plant .. / , ·.c\~-
" ......... .-

conmunities in more pristine or "natural" areas less heavily fished by man. 

!!.J.y (in prep.) concluded that much of the research on the influence of 

herbivores on benthic community structure in the Caribbean was done at marine 

laboratories in areas in which the resident scientists recognized severe over-

fishing ~•as occurring. Hays further warned that since much of the research in 

the literature on the effects of herbivores on shallow tropical marine 

cor~unities was done in these overfished areas, we may have a misunderstanding 

vf the functioning of these ecosystems because we assume these studies were 

dvnl.! in communities in their near-to-natural states. Hay (in prep.) 

conjectures that overfishing probably caused a drastic reduction in the 

,JbunJJnces of predators of urchins (e. g., balistids) and so urchins increased 

in .:~bundance in overfished areas by several orders of magnitude. It is 

interest i.ng to note the corr:parative scarcity of urchins in Hicronesia as 

t:o:::p.1rcJ to the Caribbean (Table 2). Perhaps Hicronesia is still in a 

~~i:1ti~el~ n3t~r3l state as compared to the Caribbean. A multitude of 

1 ~ :.'-' :·:1.:::: ·:c :~::;'olh.:>ses could be invoked to expL:tin this difference bet<;.Jeen 

cur-rent pat ter::1s, phy co plankton 

_ ... ,, . ._,:,;i_';)lc c!ut as fishing pr:..::ssuce increases furt:ter on cor:1l ceef 

: :.s::..:s _:: :::'-' :':.1citic, echinoiJs ~vill be some\vilac released ::r-om predation 

L 
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T3ble 2. Comp3rison of abundances of regular urchins on overfished reefs in 
the Caribbean with fringing reefs in Micronesia. 

A. Abundances of regular urchins on patch reefs in the Caribbean (from Hay in 
prep.). 

Urchin_2 ' Densitv r.l Genus S~dy Site References 

71 Diadema Discovery Bay Sammarco 1980 
100 "all species'' Discovery Bay Sammarco 1980 

"as high as 73" Diadema Discovery Bay Lawrence and 
Sammarco 1981 

6-13 Diadema Discovery Bay Williams 1981 
10-16 Echinometra Discovery Bay Williams 1981 

5-10 Diadema St. Croix Ogden et al.l973 
"about 10" Diadema St. Croix Sammarco et al. 

1974 

B. Abundances of regular urchins on fringing reefs of Micronesia. 

Urchin ., 
Densitv m--

.01 

.001 

.001 

.oo: 

.001 

.0035 

.04 

.053 

.005 ..,-
·-) 

0 

Genus 

Diadeam savignyi 
Echinothrix diadema 
Trioneustes gratilla 
Echinometra mathaei 
Diadema savignyi 

Echinothrix diadema 
Echinometra mathaei 
Diadema savignyi 

Echinothrix diadema 
Echinometra mathaei 

Study Site 

Agana Bay 
(Guam) 

Tuman Bay 
(Guam) 

Arakabesang 
Island (Belau) 

Sample 
Size 

2 
Malakal Island 1020 m 

(Belau) 

References 

Randall 1978 

Randall 1978 

Randall et al. 
1978 

Birkeland 
et al. 1976 

·· ·:n 12..:i1in.oiJs in f1uadrats, although 7 species of asteroids, 5 species of 
:i0l0 t:lttt: Lms, ;.:md 11 species of crinoids '\.Jere present. 



pressure and then become more abundant and influential. One of many 

alternative possibilities is that the abundances of urchins in the Pacific 

result from sporadic recruitment success (Ebert 1983) rather than predation 

pressure on adult urchins. 

In addition to clearing or drastically reducing the abundance of seagrass 

blades in halos in the seagrass ,beds at the boundary of reefs, the size and 

morphology of seagrass blades within the halo is also altered by the action of 

herbivores. \.Jithin halos, the blades of Thalassia "form a flat curl and tend 

to lie flat on the bottom" (Ogden and Zieman 1977:379). 

Although the inlfuence of herbivores from a coral reef on seagrass 

cor.~unities is well recognized, the influences of the physical factors such as 

currents and wave action having been altered by the presence of a coral reef 

are not precluded. Ogden and Gladfelter (in Ogden and Zieman 1977) showed 

that the physical factors of water currents and wave action were clearly 

involved in creating a halo 1 m wide around an artificial reef made of 

construction blocks at a depth of 12 m. Hm..rever, in slightly deeper water (15 

m), the currents and waves were not effective enough to create a halo; algae 

and grazed seagrasses grew right up to the base of the reef at 15 m (Ogden and 

Zieman 19 7 7). 

I have not found any direct evidence in the literature for the influence 

of herbivores in creating halos in seagrass beds in the tropical Pacific. 

Halos do exist in seagrass beds in the Pacific at the boundaries to patch 

r~efs, but ripples and excavations in the sand in the halo at the base of the 

reef ~3de the influence of currents and \..raves appear to be a more attr.:1ctive 

~xoL~nacian for the halo th.:1n the influence of herbivores. 

::chi.nuid::; are generally less common in the P:.1cific than in the c~n-ibbean, 

~-.::lst ~:l :·licrc::1esia (T.:1ble 2). ;.Jhether herbivores fr.:.1m cor:ll reefs have :.1 



Snappers (Lutjanidae), grunts (Haemulidae), and the great barracuda 

(Sphvraena barracuda) initially recruit to seagrass beds and mangroves. 

Sn.:1ppers are particularly dependent on mangroves as a nursery. The great 

barracuda spends its first year in seagrass beds and its second summer among 
t 

the roots in the mangrove swamp (de Syl.Ja 1963). It is interesting to note 

that Sohvraena barracuda and the reef squid Sepioteuthis are circumtropical 

except for the Pacific coast of th~ Americas. Seagrass beds are essentially 

nonexistent along the Pacific coast of the tropics in America. Perhaps the 

absence of S. barracuda and Sepioteuthis is a result of the lack of a suitable 

nursery. 

Seagrass beds and mangroves have also long been recognized as important 

nursery areas for commercial, sport, and bait fishes and for commercial shrimp 

and spiny lobster (Kutkuhn 1966; Clark 1971; Sastrakusumah 19 71; Young and 

Kirkrn:m 1975; Ogden and Gladfelter 1982). Seagrass beds and mangroves are 

presu:7.ed to serve as nurseries largely because of the shelter provided to 

s~all fishes and crustaceans by the extensive field of grass blades or by the 

complex maze of prop roots. Seagrass beds and mangroves are also richly 

enJowed ~.'ith a supply of organic detrital materials which serve as a food 

suppl:: for juveniles. As the fishes and crustaceans grow, the refuge in 

hiding becomes less effective in seagrass beds and among the roots of 

c~n~roves and so they tend to school and eventually move into their respective 

,Hiult habit.:1ts. As Ogden and Gladfelter (1982) point out, seagrass meadmvs 

~nJ ~:1n~ro~c regions are excellent fishing areas for tarpon, snook, and other 

::1r·~c ;•r..:J:1tor:: fishes ~vhich roam the habitats in search of juvenile fishes to 

·-' ::.' :_,.: .,- nur:seri.::s in ec.osysce:n inter:J.ctions does noc fit conv,_'c1ierrtly 

.. ::_, ·_ .. .: ~'-lLl~i..,;:-:1 of our section headings. If one habit.J.t functions as a 
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nursery for another, than there is a slight nutrient transport from one 

h3bi Clt to the other as the organism moves and takes up residence in the new 

h.:1bitat. There is also an interaction which affects community structure in 

that the adults of certain species might not be as abundant or even present in 
~ 

the habitat in which they are found if the habitat which serves as a nursery 

•.:ere not nearby to facilitate successful recruitment. 

Although seagrass beds and mangrove swamps have been observed to serve as 

nurseries for several species of juvenile reef fishes, we actually have no 

direct evidence that the coral reef fish community structure would be any 

different if these nursery areas were not nearby. While Randall (1963) and 

O;;den and Zieman (1977) observed that the reef near seagrass beds supported a 

brger bior:1ass of fishes than did areas on similar reefs away from seagrass 

beds, they attributed this to be a result of nutrient flow from the seagrass 

bed to the reef rather than a result of facilitation of recruitment to the 

cor.:ll reef fish community by the influence of nearby seagrass beds as 

:1urseries. There still remains the opportunity for someone to obtain survey 

or experi:::ental information to resolve the question as to whether or not 

nt!arby nursery areas actually have a significant effect on the fish community 

structure of cor.:ll reefs. Are coral reefs separated from mangrove swamps and 

~e;:t~r~ss bt!ds significantly different in fish community structure from those 

bordcrin:.; on r..:mgrove swamps or seagrass beds? If these differences exist, 

.1re t!1ey .:1 result of species interactions or a result of increased nutrient 

-~~·~c=~~Q modifications of the physical environ~ent .:lnd their 
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morphologic.:1l characteristics than of their contributions to primary 

production or nutrients or to interactions between their component species. 

Coral reefs, mangroves, and seagrass beds all form structures that influence 

water movements in a manner that stabilizes the physical environment. All 

~ 

three ecosystems produce sediment and, a~ a result of their modification of 

water movements, all three ecosystems retain sediments. The role of seagrass 

beds and mangroves as nursery areas may be more a result of the habitat 

morphology than productivity because the primary production that goes directly 

into the herbivore food chain may be production from epiphytic algae which use 

the seagrasses and mangroves a substrata rather than from the production of 

the seagrasses and mangroves themselves. 

Coral reefs form barriers that dissipate wave energy. Lagoons would not 

exist without coral reefs. Mangroves and tropical seagrass beds are nearly 

always found in areas with reduced wave energy. Nangrove seeds have been 

found to attach and take root where they would not have otherwise because of 

the reduction in wave action brought about by small stone fish trap weirs 

(Saenger and Hopkins 1975). If mangroves have been able to take root where 

they v:ould not have otherwis-e because of changes in water movement brought 

about by an artisanal stone fish weir, then it seems quite possible that coral 

reers <Jllow some mangroves to exist where they would not have othen..;ise by 

forsing barriers which dissipate wave energy. By forming lagoons, coral reefs 

allu\.J the existence of seagrass beds in some areas where they would not 

othen.;ise exist:. Hm-1ever, mangroves and seagrass beds also exi.s t in areas 

,l:Jav fro:'l cor:.1l reefs, in n.:1tural harbors or in the lees of points of land. 

:~_m..;r,)'!C forests also oc-.:lude and absorb terrestrial fresh\.,-Z1ter ::-unou: 

trap anJ stabilize sediments, for::1in-~ rich 
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depositional basins for sediments and reducing the sediment load on coastal 

areas. Coral reefs produce calcareous sediments which accumulate in the lee 

of reefs. Nangroves and seagrass beds produce sediments by depositing leaves 

and blades. Epiphytic organisms on the prop~ roots and blades and infaunal 

organis~s in the sediments also produce sediments. 

All three ecosystems influence each other favorably by stabilizing the 

physical environment. Coral reefs, mangrove forests, and seagrass beds all 

stabilize the physical environment by dissipating wave action (mostly by coral 

reefs), buffering salinity changes (mostly by mangroves), and by· stabilizing 

sediments. All three ecosystems also produce sediments. 

Effects of land mass and water movement patterns 

The ecological interactions between coral reefs, seagrass beds, and 

mangroves are complex and academically interesting. At some locations in the 

Caribbean, the effects of these interactions are measurable as documented in 

the previous sections. However, coral reefs can develop fully and survive in 

the absence of nearby seagrass beds or mangroves. Likewise, seagrass beds and 

mangroves can develop and survive away from coral reefs and away from each 

other. Therefore, interactions between coral reefs, seagrass beds, and 

n~angroves are not alHays completely necessary for the establishment or 

maintenance or any of the systems. It may be that situations exist in which 

sea~rass or mangroves would not be present without the protection by the coral 

r~~r a~ainst wave action but this has not been documented in the Pacific. 

I:: interactions between coastal ecosystess are of less 

the cha L.lct.::: r is tics or co as tal te rca in, tu~)OgLtpity, 

These are the L1c:tors mor;.:: 
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i~portant to understand when attempting to make practical decisions for 

coastal zone management. 

Chemical nutrients, especially nitrates and phosphates, are of particular 

i::Jportance in influencing primary productivity in shallow tropical coastal 

ecosystems. For example, although manprov~ forests rank among the most 

productive of the world's ecosystews (Table 1), this high productivity depends 

on extern.1l sources of nutrienf. Productive mangrove forests are found in 

river basins or floodplains near the coast, on the protected fringes of 

estuaries, or generally on coasts that are protected from wave action and 

supplied with nutrient runoff. Hangroves also live on sand bars, lmv islands 

(Lugo et al. 1973a), flat coastal fringes with ncY obvious external sources of 

nutrients (Lugo and Snedaker 1974), and on the coasts of deserts (Dor et al. 

1977). In areas such as these, however, the mangroves were in the form of a 

scrub forest and productivity was about an order of magnitude lower than in 

areas with external sources of nutrient input (see Tables 1 and 2 in Lugo and 

Sn<.!d.:.Jker 1974). Computer simulations of the functioning of mangrove 

ecosystems demonstrated the dependency of these ecosystems on terrestrial 

nutrient runoff (Lugo et al. 1973b). Descriptive surveys by Davis (1940), 

~3c~ae (1967), Walsh (1967), and Craighead (1971) all indicated that the most 

"produc~ive" (large and "vigorous") mangrove forests were ahvays associated 

with river basins which undoubtedly had considerable nutrient input. 

Ia the analysis of mangrove ecosystems (Lugo et al. 1973b) and in 

:.ne:-:LHi::ing mangrove stands into distinctive physiognomic patterns beyond 

· ':~:-; L!c~ r:1 t i.ons of species composition (Lugo and Sned:::ker 19 7 4) , the 

.·.:t..::.:-::·~::~3:::.c. L:c.tors in the structure and function o£ mangrove ecosystems 

·~!··.: ~·'":::._; :::0 be location \,rith respect to the coastline, topoc;rapilic 
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n.:1ture of water movements in terms of terrestrial runoff and drainage and 

tid:tl p.:ttterns. 

In reviewing human activities that are harmful to seagrass communities in 

estuarine and coastal ecosystems, Thayer et al. (1975) listed as particularly 

~ 
import.:mt those human activities that changed water movement patterns and 

altered the nature of the shoreline, e.g., dredging and other disturbances of 

bottom sediments, clearing of lands for agriculture and channelling of streams 

which increase rates of erosion and inputs of sediments, and stream 

diversions, dam construction and irrigation projects. Likewise, sedimentation 

rcsultin6 from bad land management has been recognized as the most significant 

pollution threat to coral reef communities (johannes 1975). The rapid 

destruction of coral reef communities and associated reef organisms by 

sedimentation has been particularly prevalent in developing areas where land 

is cleared for agricultural development (Hoberly 1963; Fairbridge and Teichert 

1948) and for housing and road construction (Fan and Burnett 1969; Van Eepoel 

.:md Grigg 1970; Van Eepoel et al. 1971; Maragos 1972; DiSalvo 1972; Hells et 

al. 1973; Dodge et al. 1974; Johannes 1975). 

Cor.1l reefs are the most susceptible of the ·coastal ecosystems we are 

comparing to d.:1maging effects of siltation and terrestrial runoff of 

nu::rients. Se.:1gr::1sses have a greater tolerance of these factors and at low 

lt:vels r.:ay even benefit form a slight increase. The mangrove ecosystem is the 

:~.ust ::olcr;.mt antl generally benefits from terrestrial runoff. It is clear 

:::1.1t to :::.:J.I:.e ~.;ise and rational decisions in the manag<:::.ent of coastal 

.,,~,L>':s::..;:.:s .1:1ti r·2sources, we should pay p:1rticular attention to underst.:lnding 
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waters is because phytoplankton and benthic algae take up and generally 

deplete the nutrients in the photic zone and the reservoir of nutrients in the 

water column below the photic zone is not generally available because the 

tropical seas are thermally stratified thro'ighout the year. Despite these 
II 

restrictions on nutrient availability, shallow tropical benthic communities 

are very productive (Table 1}. The productivity of ocean waters is 

,. substantially increased near land masses (Doty and Oguri 1956; Jones 1962; 

Sorokin 1973; Gilmartin and Revelante 1974). This "island mass effect" must 

result ultimately from either an input or a prolonged retention of nutrients. 

There are at least nine mechanisms by which the presence of a land mass could 

produce an increase in input or retention of nu~rients: terrestrial runoff, 

groundwater seepage, nitrogen fixation by benthic organisms, benthic nutrient 

regeneration, secondary productivity, internal waves, upwelling, eddying, and 

increased residence time of water. There may be additional ways in which the 

nature of the nearshore landmass can effect the productivity of nearshore 

habitats. Hm.; these factors interact with coral reef, seagrass, and mangrove 

ecosystems is of primary importance in understanding and managing the 

ecosystems. 

Evidence for the importance of terrestrial runoff for nearshore fisheries 

can be found in (Chidambaram and Henan 1945; Hurty and Edleman 1966; Aleem 

1972; Sutcliffe 1972, 1973). The effects of terrestrial runoff of nutrients 

on aspects of coral reef communities is discussed in :-!3rsh ( 19 77) and 

;Hrkeland (19a2). An example of the influence of ground~-.rater is presented in 

Fi t::C.:;nlJ ( 19 7S). ~hile influential groundwater seepag2 and terrestrial 

, ... 
nut:-L:nt runorr :r..:1y occur only at high islands, nitrc;gen fixation by 

jl:Jc-.~:::::.:::1 cl:;:le is operatim13l at both hi6h isLmds .:md ato:.ls. The 

:..:::~1or~~::~-.:·..:: o!", benchic. nutrienc re~en12r.:1tiun and the magnit:ude or scconJ3.ry 
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productivity are presented in Johannes (1967), Johannes and Gerber (1974), 

Gerber and ~!arsh.:11l (1974 a,b), Sournia and Ricard (1976b), Sournia (1977), 

Scott and Jitts (1977), Lewis (1982), and Kropp and Birkeland (1982). 

Internal waves, eddying, upwelling, and increased residence time of water 

( 

are all influences on productivity that "are brought about by alterations of 

patterns of water movement which result from land masses obstructing uniform 

current flow. These alterations are caused by both high islands and atolls . 

Finn Sander (1973, 1981) showed that at Barbados, internal waves were far more 

influenti.:ll to phytoplankton productivity than were terrestrial runoff or 

benthic-pelagic coupling of nutrient regeneration. Eddies that form in the 

wake of land masses or in the lees of points of land can aggregate plankton 

into concentrations 40 times greater than in adjacent water (Alldredge and 

Harrner 1980), can facilitate local recruitment of littoral animals with long 

pelagic larval stages (Boden 1952; Emery 1972), and can maintain offshore 

popul.:1tions of coastal planktonic organisms (Emery 1972). This concentration 

of larval org.:misms may be particularly influential in attracting pelagic 

billfishes and tunas to land masses, a process which increases the pelagic 

fisheries production in the v·icinity of land masses. 

L'p,.,relling is generally brought about by currents turning offshore or by 

winds blowing offshore of continental land masses or by currents being shifted 

upward over a sill. These happenings do not usually occur at oceanic high 

isl.:1nds or atolls and so upwelling is not as prevalent a phenomenon at mid-

P~ci~ic i~lands as internal waves might be. 

Th..:: f i:1:1 L r::2chanism by which l.:md mnsses enhance the productivit;: of a 

residence tiJ:e of the pL:mktonL:: communic;:. 
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of w.:1ter r:1ay explain some otherwise confusing anomalies in tropical marine 

systems. For example, an upwelling of nutrients occurs off southeast Taiwan 

in the Kuroshio current, yet the fisheries are rich off Okinawa to the north. 

This may be because although the productivity of phytoplankton is high off 
6 

southeast Taiwan, the standing crop of phytoplankton is still too low to 

support a fisheries. The water ~ass remains fairly cohesive as the Kuroshio 

Current flows north. By the time the water mass reaches Okinawa, the phyto-

plankton cells have divided enough times to build up a large enough standing 

crop to support a fisheries. 

The Acanthaster outbreaks on Guam originated at the northern ends of both 
.,... 

Tu:::on and Agana bays in both 1968 and 1979, but not at other bays. At the 

northern ends of these two bays, the water has a relatively long residence 

ti:::e, but the sediment plume is apparently carried out of the other bays and 

Jispersed into the open sea. 

Tb is same process may explain why Acanthaster planci outbreaks have been 

a cbronic problem on Ponape but have apparently not occurred on Kosrae. Hhile 

Kosrae and Ponape are the two high islands which have the greatest potential 

f"ur phyto?Lmkton blooms of all the Carolines (Cowan and Clayshulte 1980), the 

· . .;.1ters .-1round Ponape are contained in a lagoon surrounded by a barrier reef 

·h·:1 i le t:1c H.J.ters around Kosrae, \vhich is surrounded by a fringing reef, are 

~~rried away and dispersed by longshore currents. At Ponape, the lagoon may 

.t<:t .1s an incub.J.tor \vith water in the lagoon having a long enough residence 

~ i.:::e to ~111~..'\.J [)hytoplankton to build up a standing crop large enough to 

''!;';Jtcr::. ~.1r-:1e of A. pl.:1nci. Although the \vaters off Kosrae cont.:1in enough 

~::~=-:~:::.; :.) ~1lllJr .. , phytopl.:1nkton blooms, the ~vaters move a\.JCJ.Y fron1 thQ islZ-lnd 

'·. .,,::·t2pl:1n:-::.ton have undergone enough cell divisions to build 

,, ..... ' - .... ~· ..... ...... enough to support L.1 rvae of .\. The 
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dispersion of ~ater could also thin out the concentration of A. planci larvae 

as ~ell as the food supply of the larvae. Studies of fish larvae indicate 

that upwelling of nutrient-rich water leads to phytoplankton blooms, but the 

movement of the up\velling waters disperse food organisms so that the food 
l 

~ 

particles are too low in concentration to support larval anchovy growth (Smith 

and Lasker 1973). 

L\Goo:;s 

By enclosing water in a lagoon, the productivity of an otherwise 

cligotro?hic body of water might be enhanced because of the increased 

residence ti::ne or cohesiveness of the water mass. A particularly striking 

example of bior.3ss being supported under extremely oligotrophic conditions can 

be observed in the enclosed lagoons of the Tuamotus. Takapoto is a raised 

atoll wit~ an enclosed lagoon that is approximately 16 km long, 4.5 km wide 

and avera6eS 23m deep. This 1.6 x 10
9

m
3 

(roughly) of water is connected to 

~~~e sea by a couple of haas that a person can easily Hade across. Therefore 

:.12 la;con r::us t be one of the most self-contained of coral reef systems with 

waters 0f ?.J.rticularly long residence time. Sournia and Ricard (1975) found 

-1 
:.:!:at (0. 36 1.1 at ;; l g 

o-1 
N0

3
-N; 0.26 ~ at ~ P0

4
-P) and chlorophyll a(O.l4 

.-1 
,.:-; L ) cvntcnts. They also found that the waters within the enclosed lagoon 

-1 -1 
rLw..:~ even lower nutrients (0.22 ].l at g f N0

3
-N; 0.12 ].l at g f P0

4
-P) but 

.·:uci1 higher c:1lorophyll a (0.46 ].lg .t-1 ) contents. Yet the main industry of 

: ,~.l~oto in•:ol·:L'S the production of pearls by filter-feeding bivalves.. Tons 

':i.•::1~·:cs (:':i.:1ctad.J., Arc.J., Trid.J.cna) live in the L1goon despite the: \v.J.ter 

.:...:~....: ····!..-·: :.:;:; .. :::-...;~ i:1 nutrients. It mav be that the enclosed lagoonal system 

~J ~~:-~un~~in~d that the nutriencs ar2 quickly recycled and contain~d in 



the biomass of the bivalves and fishes. The main effect of an atoll comes 

from its configuration which generally increases the residence time of water. 

The way in which a lagoon functions leads us to a conclusion concerning a 

rational method of resource management in lagoons. Like the tropical 

rainforests, coral reef ecosystems t. 
may• be able to withstand pruning and 

recycling but not harvesting and exporting because most of the nutrients are 

recycled and not imported. The re~oval of living materials from a coral reef 

community on a large scale might cause depletion at a rate at which the system 

would be unable to replenish and maintain itself. At Takapoto, the oysters 

are harvested but orily the pearls are exported, the meat is eventually 

recycled into the lagoon. If we scrape a temperate shoreline of barnacles, we 

would expect the barnacles to return in a year or so; barnacles feed on 

imported suspended material. If we dredge or dynamite a reef, we might expect 

recovery to take a very great time because the nutrients have been lost and a 

substantial time may be required for the necessary processes to build up 

another stockpile. 

ESTUA .. ~IES 

Like lagoons, estuaries are not actually the entities that are productive 

in the sense that coral reefs, seagrass beds, and mangrove forests are primary 

producers, but they are situations with topographic or morphological features 

th3t brin~ about interactions of a particular nature . Estuaries are defined 

.:1s p.:Htially enclosed bodies of >vater >vhich have free connection 1.vith the 

.oc0.:1n anJ ,.:ithin \vhich the sea~;.;ater is measurably diluted \viti1 freshv1ater from 

•. ::·2!'"c<!S'::·i:.1l runoff (Pritchard 1967). This dilution \vitll fresil \.Jater, usually 

~:· -:-; :1 :·i·:-2r, bri~1::;s about increased productivity by t\JO mecl1anisos: by input 



nutrients by pushing surface waters away from shore, which in turn require a 

repl~ce~ent of surface waters by an upwelling of nutrient-rich deeper waters. 

River runoff is a major stimulant to primary production by phytoplankton (Mann 

1982). 

In a manner similar to lagoons, estuaries act as nutrient traps. Because 

of their semiclosed nature, estuaries also allow the accumulation of very fine 

• silt fro~ river discharge and terrestrial runoff. Salt-marshes (in temperate 

regions) can develop intertidally in estuaries and seagrasses can develop both .. 
intertidally and subtidally in estuaries. ~Bngrove forests do best in 

estuarine conditions because estuaries are characterized by both shelter from 

wave action and by nutrient input from river outflow and terrestrial runoff. 

TI1e optimal conditions facilitate maximum production from mangroves, 

seagrasses, and salt-marsh vegetation. The litter from these vascular plants 

often accumulates in the sheltered waters of the estuary and decays slowly but 

cons t.:mtly. At the same time, the river outflow stimulates high levels of 

productivity of phytoplankton. This high rate of primary productivity of 

phytoplankton, massive production and accumulation of detrital materials by 

vascular plants, shelter in the form of three-dimensional refuge among 

seagr.J.ss bl.:1des, mangrove roots, or salt-marsh grasses, and protection form 

t.Jave action cor::bine to make estuaries an effective nursery area for fishes and 

crustace;:ms. 

.. St2bili=in~ effects of coastal ecosystems 

~s Jiscussed above, the physical structure of coastal ecosystems has a 

~:::1oil.:.::::-.. ~ ·~r~·:>Ct ·::>n the physical environment. Coral reel's dissipace the 

~~~~c: ~~ ~.t~es 0n coastal ar2as and cr~ate lagoons and prot~cted waters which 
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codify the effects of typhocins on coastal areas. Seagrass beds and mangrove 

forests trap and bind sediments and thereby reduce the sediment load in the 

l.iater column. Nangroves occlude freshwater runoff from the land mass which 

stabilizes the salinity of coastal areas. 

With the production of slowly decomposing detrital materials, marine 

vascular plants have a stabilizing effect on the detrital food chain. As 

pointed out by Harrison and Nann (1975), seagrass leaves decompose so slm.;rly 

that they accumulate in a large reservoir of decomposing organic matter. wnen 

there was an extensive mortality of seagrass (Zostera marina) in the North 

Atlantic in the 1930s, the direct consumers of seagrass virtually disappeared 

(c. g., the black brant, cf. Cottam 1934). However, the fishes and 

invertebr.:J.tes generally did not decrease in abundance during the die-off of 

Harrison and Mann (1975) suggested that this -was because the 

accu~ulated detrital reserve of seagrasses decomposes so slowly that the foods 

and nutrients enter the food chain by decomposition at a fairly constant rate, 

r~latively unaffected by any large year-to-year variations in productivity. In 

this ~•ay vascular plants of coastal ecosystems stabilize some food chains as 

· .. ;~11 as some aspects of the physical environment. 

~ssi~ilation of vascular plant material by marine invertebrates and fishes 

Do;!trital material from mangroves and seagrasses are often found in the 

:; tn~:J.chs of m:J.rine invertebrates and fishes (Gunter 1945; Darnell 1958, 1961; 

.:Jt·i.~1:;c:r .:.nd '.·.'oodburn 1960; Hansen 1969; Odum and Heald 1972; Carr .:md Ad.:1r::s 

. '}-; 3) - ;;leSe observations are used as documentation of the importance of 

::~ :rc'·:.::.; 1t1u seagrasses for commercial and sport fisheries (S~u:J and \·:iL~on 

.. J: ·,;·:1121.~ i')fJ/; Sykes anJ Finuc:me 1966; Smitl1 et al. 19•J:); OJu:n ~wj de L1 

..... "1:; :,~<)J et al. 1969; Cr-onin and :·t.msueti 1971). 1\hilc. mangrove~ and 
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s~.Jgrasses are probably important to fisheries as providers of structural 

shelter and refuges for juveniles from predators, as substrata for epiphytic 

algae and bacteria which in turn contribute substantially to the food web, and 

as sedi~ent stabilizers, there is evidence th~t calls to question whether much 

of the calories and nutrients in vascular plant material in the guts of 

invertebr.:ltes and fishes is actually being assimilated. Although mangrove 

forests and seagrass beds are among the most productive ecosystems in the 

world in terms of gross primary productivity (Ruther 1963; HcRoy and NcHillian 

1978; cf. Table 1), it appears that over 90% of the net productivity is going 

into the detrital food web (Harrison and Mann 1975; Kirkman and Reid 1979) and 

l~ss than 10% into direct herbivory although a notable amount passes through 

the guts of marine invertebrates and fishes. 

Even decomposers apparently process vascular plant material more slowly 

th.:ln they process algal or animal material. In temperate Atlantic waters, the 

~elp, L1~in:1ri.:1 longicruris decays rapidly and makes a quick substantial con-

tribution to the detrital food web (Mann 1972a, b) while the eelgrass, Zostera 

~.:1r~n.:1, decays slowly, with only 35% loss of dry weight after 100 days at 20°C 

in the l.:J.bor.J.tory in the presence of abundant microorganisms and nutrients 

(i!.:1rrison .:1nd :·bnn 1975). Of this 35%, 82% was from leaching and occurred 

~v~n unJer sterile conditions • Coastal sediments in eelgrass beds have 

. Ict.:u~ul.:Itions of slo~..rly decomposing eelgrass fragments as a reserve of organic 

:-.1.tt..:!r 1.;i1ich sl.Jwl:f becomes available for benthic consumers. In estuarine 

~~~~~s o~ G~or~iil, over 90% of the detritus is from the marsh grass Soartina 

:u~ ,;::c.; ,:~ L.1 (~·uz, 1967) . Hm·rever, leaves of Soartin:J. mGy enter the 

.. 
:.•:::-~t·:; ;;.,;· . ..-.~.·.· ::s they m:1y die on the st:1lk and remain :J.tt:lched upright for 

' . ...-. ,' ........ .; ·_':. :: ~::;e (Lopez et ill. 1977). Simil.:1rly, the distal porti.Jns of 

,. •·\ . . . ~. . .... '-~ ..... ·~·.:.:::-..::;;:;es sucr1 ilS TllaL1ssi:J. re:n:.1in att.:lched upri;ht long ~1fter t~h.'Y 



become senescent. The great amount of Thalassia blades lying in the deep 

(3,000 - 5,000 m) sea floor 500 to 1,000 km from the source Thalassia beds 

(Zieman et al. 1979) are indications of a slow process of decomposition. 

Cundell et al. (1979) found that microbial populations would not begin to 

build up on senescent mangrove leaves unJil ~he tannins leached out into the 

water. Therefore it was about 14 to 28 days before decomposition really 

~ 

began. After 70 days (an additional 42 to 56 days after the tannins leech 

out), the carbon content of decomposing leaves decreased from 46.2 to 36.2%. 

Smayda (1970) and Kutner (1975) found that the tannins released into the water 

column from mangrove leaves inhibited the growth of planktonic diatoms in or 

near mangrove swamps. 

Since mangrove, seagrass, and Spartina leaves appear relatively 

refractory to decomposition, a question yet unanswered is how much material 

from these sources of primary production actually enters the detrital food 

web. In order to assess the degree to which materials are consumed and enter 

the food ~veb, a method has recently been developed to allow examination of the 

flow of carbon in natural ecosystems. The method involves the determination 

of stable carbon isotope 
13c~12c ratios in natural materials such as plant and 

animal tissues (Parker 1964; Smith and Epstein 1971; Land et a1. 1~75; Haines 

1976; Fry et al. 1978; Thayer et al. 1978; HcConnaughey and HcRoy 1979 a, b; 

Hackney and Haines 1980). Pl · d'ff · h · 13c 12c ant specles l er ln t elr : ratios in a 

manner which depends upon which pathway of photosynthetic fixation of co
2 

is 

us.:=J (P:nk .:md Epstein 1960; Chris teller et al. 1976). Plants using the c, .. 
. - lJC . 

;':lOtosy:'\t~_lc:sis path•.vay tend to incorporate a greater proportlon ot 1sotope 

usin:.j the c
3 

patllc·lay incorporate a gre:1ter proportion o E 

~~· \ , • ~ :. ~-=' :_! L.!:; ~l s in their diets . 
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raising various species of animals on foods of various 
13c: 12c ratios (Fry 

1977). The milk and hair from cows grazing in meadows of c
3 

or C4 plants 

have carbon isotope ratios that correspond to these dietary difference (Minson 

et al. 1975). 
t. 

I 

This method has also proven successful in field studies, both marine and 

terrestrial. Haines (1976) studied the carbon isotope ratios in tissues of 

the fiddler crab Uca pugnax and the plant communities in 9 areas of a salt 

marsh on the Georgia coast. Although U. pugnax is detritivore, the carbon 

isotope ratios of the fiddler crabs were linearly related to those of the 

plant co::-.munities in the same areas. Fry et al. (1978) examined the carbon 

isotope ratios in the tissues of 25 species of grasshoppers and 61 species of 

plants in a west Texas study site and found that the carbon isotope ratios in 

the tissues of grasshoppers was essentially the same as that in their diets 

(slope was 0.97 [near 1] and the correlation coefficient was 0.96). Land et 

al. (1975) examined the variation with dept of proportions of zooxanthellae 

products .:md zooplankton in the diets of corals by comparing carbon isotope 

ratios of coral tissues with those of zooxanthellae and plankton. 

Although this carbon isotope ratio method gives only general rather than 

specific sources of fixed carbon, the method has the advantages of giving a 

ti:::e-int.egrated indicotion of which source provided the carbon which was 

actually assimilated by the animals and also of giving the actual initial 

source or corbon regardless of the pathways through the food ~-Ieb. 

Ruc.;lli <2t al. (in prep.) analyzed the stable carbon isotope ratios for 

•.:-'.·er r;•2') :1ni::::1L; :'rom thlaysian mangrove S\vamps, coast.J.l inlets, and offshore 

:·::c·: ~· .. ·c;;lJ tiut carbon from man·.;rove trees was about equally ir.:port:.lnt 

::.;•.:•."'.'· .. ·:·, :;:i::·::i..; ::rc::1 collections mad..: offshore shm.:ed almost no c~1rbon rro;a 
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r;:;1ng,rO\'C trees was assimilated into their tissues although mangrove carbon was 

obund::mt os detritus at these site. Rodelli et al. (in prep. :10) concluded 

that fragments remaining intact offshore were apparently quite refractory to 

r.:etabolis:n. 
II 

Mangrove and seagrass leaves also appeared to be generally resistant to 

digestion by marine invertebrates even within the habitats (Rodelli et al. in 

• prep.). The stable carbon isotope ratio demonstrated that suspension-feeders 

(9 species of barnacles and bivalves) living on the prop-roots or low on the 

trunks of mangrove trees filtered water that contained a substantial amount of 

l:'..angrove materials while the tissues of the suspension-feeders were generated 
'-,J;~ 

r.:ostly from algal sources. The tissues of snails that preyed upon barnacles 

and mussels (Thais and Hurex) also was derived ultimately from algal sources 

t'.."o trophic levels below. Alpheus sp. and Upogebia sp. lived in the mud 

.:1round the roots of mangrove trees, but the carbon isotope ratios indicated 

th.:lt they \.Jere either selectively feeding or selectively assimilating algal 

r.:ateri.:J.ls from the sediment (Rodelli et al. in prep.). 

In :nongrove swamps, shrimps, crabs, and fishes generally assimilated 

approximately equal proportions of foods from mangrove and algal sources while 

or::si:orc popul3tions only assimilated algal derived carbon (Rodelli et al. in 

~rep.). :.:o te that we are discussing what is being assimilated into the 

ti.ssucs, not wh;1t is being consumed in the diet. Huch of the detrital 

~~t~ri~l available in the sediments and water column both offshore and in the 

:·:.m·..;::o'>·~ s'.:a!:~p ,.;as derived from mangrove sources. It is most likely that much 

t::c :->~cll:::ent consumed by crabs and shrLnp living on mud around roots of 

·.!!l.:r.:·:~· t!:'c:'l.:S and ~.Jater filtered by suspension-Ec:eders attached to roots of 

.::..::·":·.: ·_:- .. ~•-'S contai~1s a substanti:1l ar..ount of m:1terL1l of m:mgrov-2 ori~in. 

·.2:·c•::~ .. ::;J.tc:>ri.:ll or :nan;;rove origia is usu:1lly rcsist:lnt to th12 Dl<.!t~lbolic 



proc~sses of r.~arine invertebrates and marine fishes so these animals more 

easily assimilate material of algal origin. Since proportionately less of the 

available r.~aterial of mangrove origin is assimilated by offshore populations 

of shri:::p, crabs, or fishes, Rodelli et al. (in prep.) were led to speculate 

that oangrove materials become even m~re resistant with time during the 

offshore drift or transport. Studies by Galley et al. (1962) and Wiebe and 

Pone roy (1972) also suggest tha't mangrove and Spartina material was 

r.:etabolically refractory. Haines (1979) and Haines and Montague (1979) also 

used the stable carbon isotope method to trace the ultimate source of 

photcsynthetic production in Spartina marshes. They found that Spartina was 

less i:::portant and planktonic and benthic algae were far more important than 

was previously thought. While insects (note that they had evolved in 

terrestrial habitats) and marsh snails had o13c values similar to vascular 

plants, mud-snails, bivalves, and crabs had 
13c;12c ratios similar to 

pian~tonic and benthic algae. 

Fry ond Parker (1979), Fry et al. (1982), and Fry et al. (1983) also 

~casu~~d stable carbon isotope ratios in 340, 140, and 250 samples to 

Jt:tec::i:1e t:le relative importance of planktonic and benthic plants to the 

~.:1t12ri.:~ls being assimilated by the animals. They shm..red that in nearshore 

i:.Ibit.:lts, b~nthic plants are more important in the diet than plankton, but 

t:1ey • . .:er12 not able to distinguish between the contributions of vascular plants 

,:::d .:1l,..;:1e. Ho· . .:ever, Thayer et al. (1978) found that org::misms commonly found 

•':1 .->e~~r:1ss 8 L!Jes actually fed mainly on the epibiota growing on the blades 

· .. nil.; t.::-.' rc2st or the animals in the area appeared linked mainly to the 

______ .. · · _n •iL!tritus particles :md on its m.Jn t-2c.1l m:1c.::rLtl buc ;JCtu.:lllv 
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assi~ilated only the microorganisms on the surface of the detrital material; 

the dead vascular plant (Thalassia testudinum) material passed on through the 

amphipod undigested. 

Randall (196 7) found that seagrasses comprised 81% by volume of the ., 
6 

stomach contents of the halfbeak Hemiramphus brasiliensis. Similarly, Bell et 

al. (1973) found that three spe~ies of monacanthid fishes in seagrass beds 

consumed considerable amounts of · seagrasses. The stomach contents of 

~!euschenia frevcineti was 65% seagrass. Hmvever, Bell et al. (1978) found 

only the epiphytic algae and the encrusting animals were actually being 

digested. 

\~hile it is apparent that the majority of ·-decomposers and herbivorous 

invertebrates or fishes do not easily digest or assimilate vascular plant 

material, there are exceptions. The gastropods Ellobium sp. and Cassidula sp. 

\"ere exceptional invertebrates in that carbon isotope ratios in their tissues 

indico.ted that a substantial portion of their diets consisted of mangrove 

r:1a terials (Rodelli et al. in prep). This observation is corroborated in the 

review of mangrove biology by MacNae (1968) in which he describes the grazing 

of mo.n~rove leaf litter by Ellobium and Crassidula as responsible for part of 

the breakdo·,;n of fallen leaves to humus. 

The mysid shrimp Hvsis stenolapis, is an abundant detritivore in seagrass 

beds and it has been indicated by 
14c studies that M. stenoleois can 

assi~ilate structural cellulose from seagrass with 40% efficiency (Foulds and 

~\'hen the rnysids were treated with antibiotic, they lost the 

2bil~ty to digest cellulose. They regained the ability after being fed fresh 

.......... "'::.._._,_,.:,. i~plied that ~. stenolepis c.J.rries a micro~lora in it~ gut 

·::1~..:::1 i.s -.:.l~l.J.Dl<2 of di;estin~ cellulose C·!ann 198:?.). Hm...,ever, Fri~son (1931, 

' .. -·-- -·-·- failed co find a rnicraflora in the gut which su~g~sts th.J.t 

:<'''~~'~.::~i..:!_ ::::1'! itself produce the cellulose enzyme. 



Tannins inhibit the assimilation of mangrove material 

The slow rate by which detrital materials from vascular plants enter the 

marine food web is probably partially a result of the tough structural 

chemicals such as cellulose in vascular plan~s. The leaves of mangroves may 

be particularly difficult to decompose or digest because of tannins. Tannins 

are prevalent in mangrove leaves a~d are the basis of the economic value of 

oangroves to the leather industry ( Swain 1965; Haslam 1979). Tannins are 

known to form complexes with protein and to inhibit the action of enzymes 

(Pridham 1963; Goldstein and Swain 1965). By this mechanism, tannins are 

known to inhibit the ability of microbes to break down leaves (Handley 1961). 

Tannins inhibit the growth of fungi (Williams 1963) and the transmission of 

viruses (Bawden and Kleczkowski 1945; Cadman 1960). The colonization and 

microbial degradation of mangrove leaves in seawater is delayed by the 

presence of tannins in the leaves and begins after the tannins are leached out 

(Benoit and Starkey 1968; Cundell et al. 1979). 

The tannins released from decaying leaves and dissolved in the water can 

inhibit the growth of diatoms-and presumably other phytoplankters and thereby 

reduce the phytoplankton productivity in waters in or near mangrove svmmps 

(Smayda 1970; Kutner 1975). 

Tannin-containing plants are also repellant to herbivores such as snails 

(Haberlandt 1914), locusts (Shpan-Gabrielith 1965), and sheep (h'ilkins et al 

1953), and .:ue .:1ctually toxic to cattle, goats, sheep, rabbits, rats and 

cr1ic!<ens (Dull.:Ihite et al. 1962; Kin;,;sbury 1964; Glick and Joslyn 1966; -Vohra, 

.. This toxic effect of tannins to herbivores is 

~·r2::C.1~L·: L.Jr :·2l·: .1 result of for:-nation of tannin-rrotcin complexes in the 

:~scr~inc0sti~al tr3ct which results in a reduction of nitrogen assimil.:Ition. 



six compared to controls wheri 8% tannic acid was incorporated into the diet of 

rats (Glick and Joslyn 1966). 

The inhibition of growth of moth larvae by tannins was also suggested to 

b~ the result of the formation of relatively indigestible complexes of tannin 
II 

with available protein, thus reducing dietary nitrogen assimilation (Feeny 

1969). Casein, when complexed with oak leaf tannin, is completely protected 

from hydrolysis by trypsin at pH 7.6 (Feeny 1970). As little as 1% fresh 

weight of tannin in the diet of moth larvae causes a significant reduction in 

larval growth rate and pupal weight (Feeny 1968). The degree of complex 

for~ation depends on the ratio of protein to tannin concentrations and on the 

ti~e of contact between protein and tannin (Feeny 1969). In oak leaves late 

in the season, for example, the ratio of tannin to protein is about 1:3 and a 

caterpillar would have to ingest about 4 times the amount of leaf material 

that it would have had to if there were no tannins in order to obtain adequate 

nitrogen (Feeny 1970). 

Plnnts store their tannins in vacuoles, separated from the rest of the 

pLmt cell by a membrane ( Nierenstein 1934). If the membrane of the vacuole 

i.::; punctured, the tannins can be released and bring about precipitation of 

;1rotoplasnic proteins in the plant cell (Doby 1965). The synthesis of tannins 

is achi.:!ved through a complex pathway that requires a large quantity of sugars 

:·nr both energy and structure (Haslam 1966; Feeny 1970; Zucker 1983). The 

,~:-fccts of tannins in reducing metabolic efficiency of animals, fungi, and 

::.:ct-2ri:1 result form the general formation of hydrogen and perhaps covalent 

·,,,n,:s ·.;i::h ;'L)tcins (Haslam 1966). Because of the generalized nature of this 

~:::..-.:l-ll·::~m b..;::.·.,·cen tannins and prot2ins, it is improbable for insects to 

·: ·:,· :- ... c:..: :..c de to:-:ification mechanisms for tannins in the manner in \.:hich 

. ,·:·-: ..;;:c--:..:ss[ull:: ad.:1pt~d to other chemic:.:tls of plant defense such as 



a1:.-:1loids (Hodgson et al. 1965; Feeny 1976). Although many insects can eat 

oak l.:!aves. they are generally not able to cope with the tannins chemically 

but instead avoid tannins by burrowing beneath the tannin storage in the outer 

cell layers of the leaf, by feeding early in the season while the leaves are 
~ 

I 
growing rapidly and tannins have not been produced in abundance, or by feeding 

on fresh tender leaves growing fr~m the stump of a recently fallen tree (Feeny 

1970). ~ .. nile Feeny (1970, 1976) arid Rhoades and Cates ( 1976) expause this 

theory that tannins have generalized nonspecific interactions with proteins, 

Zucker (1983) has recently produced an extensive review which concludes that 

tannins are diverse in structure and can be highly specific in their 

interactions with proteins. At least, he argues, hydrolyzable tannins protect 

the plant against herbivores (Animalia) while condensed tannins are primarily 

defensive against microbes and pathogens (Monera and Fungia). 

t .. nen l~aves are shed from mangrove trees and fall into the litter or 

cQtritus, they may be physically damaged. If the leaf is damaged, some of the 

pLmt cells mi~ht be damaged and the vacuoles within the cells might be 

ruptured and exposed to oxygen. It is almost certain that the tannins would 

.1lso bc oxidized and their inhibitory interaction with proteins woul.a increase 

(:.;yrdc, Ficldi~g, and Williams 1960), thereby further inhibiting the 

Jccomposition processes. 

By forming loose complexes with protein molecules by hydrogen bonds (and 

po...!rh:J.ps so:::c cov:1lent bonds), tannins inhibit the decomposition of mangrove 

!.·1v~s ~~ microbcs and fungi, inhibit the digestion of mangrove leaves by both 

; :;·:·~ r::c.·:1 r 1 t.::s :md vertebrate herbivores, and might even inhibit the 

in the \vaters in a mangrove S\vamp. Althow;h 

::-· .... ~ :-ri.::.tr·: i1t"()GUCtivity ot man:;roves is very higit, t;le t.:mnins grc:.1tly 

::1::L~it its direct consumption. 



Assi~ilation of vascular plant material by marine reptiles, birds, and mammals 

~brine invertebrates and marine fishes have a long history of evolution 

in the ocean along with the algae on which they feed. They generally do not 

appear to have metabolically adapted to hifher plants such as mangroves, 
I 

seagrasses, or marsh grasses that have relatively recently invaded the shallow 

coastal marine environments. Mo~,t plant material assimilated by herbivorous 

invertebrates or fishes in seagrass beds, estuaries with Spartina, and 

mangrove swamps is probably not fragments of leaves of higher plants but 

microflora growing on dead plant fragments. 

hnile herbivorous marine invertebrates and fishes feed mainly on algae, 

herbivorous reptiles (e. g., Chelonias mydas, 
•;>-

the green sea turtle), birds 

(e.g., the black brant, the Canada goose, the pintail and scaup ducks), and 

mammals (the Hest Indian manatee and the Western Pacific dugong) all feed 

extensively on seagrasses. Twenty species of waterfowl feed on seagrasses in 

the Chesapeake Bay region (Steward 1962). About 80% of the winter food of the 

black brant is eelgrass (Cottam 1934) and black brant and Canada geese consume 

about 17% of the summer standing crop of eelgrass in Alaska (McRoy 1966). 

~~1~n an eelgrass disease killed extensive areas of Zostera marina on the east 

coast of the United States in the 1930s, the black brant virtually disappeared 

(Cottam 1934). 

Whereas gastropods, urchins, and fishes preferentially feed on the buter 

senescent portions of blades of seagrasses which are overgrown with epiphytic 

al~3e or microbes, green sea turtles (Chelonia mydas) selectively graze at the 

l.J,1s2s n t T!1;1l:1s s ia plants where they obtain the young8s t, least overgrmvn 

;curc.:..,m;:; Djc,rnci~l 1980, 1932; Hortimt:r 1981, 1982). After grazing an arc~1, 

•'::.~l..:ni:l ::;•:chs ;,;i.Ll return and cecrop the same area, leaving adjacent areas oz: 

:.:1.:..~ ;:~.:::::.:; u:1~:·:12ed (Bjorndal 1980). Regeneratin:; bl.:1des ha\'e higher prot..:in 
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levels than untouched blades (Dawes et al. 1979; Dawes and Lawrence 1979) and 

by increasing turnover, grazing by green sea turtles might increase the 

productivity of the area. Thayer et al. (1982) presented evidence that green 

sea turtles speed up the process of decompo:tition of seagrasses. 
II 

Although 

nutrients are absorbed from the seagrass material during the passage through 

the digestive tract of the sea "'turtle, the seagrass material is fragmented 

further and there is a two-fold increase in amino-acid content which facili-

tates more rapid decomposition of the fecal material. 

Unlike herbivorous invertebrates and fishes, green sea turtles avoid 

blades encrusted with epiphytic algae. However, Chelonia mvdas will accept 

algae in areas where seagrasses are scarce (Mortimer 1981). 

Dugongs (Dugong dugan) feed almost exclusively on seagrasses (Heinsohn 

and Birch 1972; Heinsohn et al. 1977). When seagrasses become scarce, dugongs 

will feed on algae (Heinsohn and Spain 1974), even consuming quantities of 

Sargassu::~ (Spain and Heinsohn 1973). The West Indian manatee (Trichechus 

rnanatus) ranges more frequently between salt and fresh water and so it diet is 

more catholic (Campbell and Irvine 1977). In salt water, its main food is 

probably scagrasses (Bertram and Bertram 1968) but in freshwater they will eat 

water hyacinth, woody emergent reeds and cattails, and even terrestrial 

vegetation within one foot of the water (Anonymous 1976; Campbell and Irvine 

1977). t;nlike sea turtles which bite off seagrass above the substratum, 

du;;on;:;s root and dig up the entire plant, including the rhizomes. \-.lhile 

~:\~cdi.n;;, dcL.;on.;s leave trails 19-25 ern wide, 3-5 ern deep, and 1-5 m long 

c:~~r~v. ~Jrin~ vertebrates that reinvaded the sea from terrestrial 



invertebrates and fishes generally find seagrasses difficult to process 

r:1et.3bolically. Invertebrates and fishes generally do not feed on a major 

portion of the standing stocks of seagrasses and seagrasses to not decay as 

r.:1pidly as algae. Despite the great primarJ productivity of seagrass beds 
II 

(T~ble 1), much of this production is lost during the slow process of entering 

the detrital food web. If populations of green sea turtles and dugongs were 

allowed to recover from overexploitation, they might serve as a mechanism to 

exploit the production of seagrass beds directly through herbivory rather than 

indirectly through the detrital food web of invertebrates and fishes. 

The generally unexploited primary production of seagrass beds is great 

under present conditions (Table 1). If populati6hs of green sea turtles and 

dugongs were allowed to develop, the increased grazing pressure on seagrass 

beds might increase the turnover and rate of production of seagrasses. Even 

the detrital food web should benefit by the processing of seagrasses through 

the guts of sea turtles and dugongs (Thayer et al. 1982). Populations of 

native fisherman in some areas of the Torres Strait Islands still rely on 

gr.:!en sea turtles and dugong as major sources of protein (Johannes 1983). It 

is fortu~ate that human populations in the Torres Strait Islands have remained 

stable for .:1t least 150 years because, as a consequence of this, marine 

r~sourccs are still superabundant in the area (Johannes 1983). If green sea 

t:n· tles and dugon~s are still common in the Torres Strait Islands, then the 

:-i..'!;.l;_;r<Jss beds may have a smaller standing stock but may be more productive 

:J<..'Cll::;c• ,, t :1 gre;1ter rate of turnover and because a greater portion of the 

•· :-cJ,iuc:: :,m ·..;o.:.:s directly to herbivorous vertebr;J.tes. 

' . .'i.~:: Jirc:c:t hc:rbivory on sea~rass, .:1n increased porulJtion of sea turtles 

,.:.: .:;:..:,':1..:S ·.:uulJ oot see:n likely to be in competition with other hcrbivot·cs 



acc~l.:!r.:ttcd, not cut off. However, this proposal should be studied carefully 

bec.:Jusc unforseen complications are likely in nature. For example, dugongs 

dig up seagrass beds quite thoroughly. Seagrass beds serve as nurseries by 

functioning as three- dimensional refuges 1 andtshelter for juvenile fishes and 

crustaceans from predatory fishes. The seagrass also serves as substrata for 

prcductivc epiphytic algae. Dugo~gs could reduce the effectiveness of 

scagrass beds as nurseries for commercial fishes and curstaceans and reduce 

the total production of detrital materials although accelerating the 

production that remains. This must be weighed against the consideration that 

as direct herbivores, sea turtles and dugongs should be more efficient in 

converting seagrass to meat than tvould carnivorous fishes. Herbivorous fishes 

~ould be relatively efficient when feeding on algae, but not on seagrasses. 

In contrast to dugongs, green sea turtles eat only the seagrass blades 

and leave rhizomes intact. Some seagrasses regenerate efficiently and so the 

poi...:!nti:-~1 problems with increased abundances of dugongs might not be of 

con~crn for increased abundances of sea turtles. \-le should study these 

mJtt~rs because if no serious deleterious side effects exist, then we might 

;l;lve ;..et:1ods by which we could increase the protein production of shallm.,r 

tr,,?i<.:.:Jl ..:oastal ecosystems in SPREP regions . 

• 



Rcco~mendations for further research 

Projects of most basic and immediate importance in forming a foundation 

on which to base decisions on management of coastal resources are listed 

below. 

t 
I. Interactions between coastal eco~ystems. 

l.Nutrient transfer by foraging animals 
'"?:' 

a. In the Caribbean, juvenile haemulid fishes ("grunts") feed 

on invertebrates and small fishes in seagrass beds by night 

and return to rest on the reef by day. Although some species 

in the Indo-Pacific may sometimes follow this pattern as 

individuals or small groups (e.g., perhaps Gnathodentex, 

Xonotaxis, Macolor, apogonids, holocentrids), are there any 

fishes that forage at night in seagrass beds then in groups of 

hundreds during the day, repeatedly at particular sites? The 

patterns of movements of fishes between coral reefs and sea-

grass beds has yet to be documented in the Pacific. 

b. If daytime aggregations of fishes which feed in seagrass beds 

at night are found on coral reefs, do excretions and 

defecations of these fishes have a measurable affect on the 

reef cow~unity? Are there greater concentrations of ammonium 

in the water and nitrogen and phosphorus in the sediments and 

do corals grow faster at sites of these fish aggregations? 

This has been found to be the case in the Caribbean (Meyer et 

nl. 1983), but there is no evidence available to date to 

indicate that this process is oi any significmct:: on 

I~Jo-Pacific reeis. 

I' ' 
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c. Do areas of coral reef bordering on seagrass beds or mangroves 

support a larger biomass of reef fishes than comparable areas 

of reef margin bordering on other areas? If so, is the 

' I 

increase in biomass mainly accounted for with species of 

fishes that forag~ from coral reefs into the mangals or 

seagrass beds? Edge"effect and habitat border effect per se 

should be controlled for in the design of this study. 

2. Coastal habitats as nurseries for fauna of other marine habitats 

a. Adams et al. (1973) claim that 75-90% of marine commercial 

and sport fish species depend on estuarine habitats for at 

least part of their life cycle. Is this approximately 

applicable to commercial and sport fishes of tropical Pacific 

islands? This is an important piece of information for 

coastal management policies or decisions. An estimate of the 

dollar value of estuarine and other coastal habitats in terms 

of fisheries and second order economic benefits would be a 

useful figure to obtain. The first part of this question must 

be ans\-7ered before it will be possible to answer the second 

part. This study should apply to crustaceans as well as to 

fishes. 

b. Are seagrass beds or mangrove swamps necessary as nursery 

areas for any coral reef fishes? A study should be made to 

determine if any coral reef fishes in the Pacific require 

other coastal ho.bitats as .:1 nursery. Does the coral reef fish 

corr-~'"!lunity structure near se.:1~rass beds differ from coral n~ef 

ris~ r.o:;-Jnunit:y structure f:.1r from se.:.1grass beds as a resuLt o[ 

re c!"'ui t:ncn c.'? ,\lternati·/e factors such <.lS fooJ t"or ;1Jul:s 

should be controlled or accounted for. 



3. Biological interactions between habitats 

a. In the Caribbean, juvenile haemulids feed on seagrass beds 

by night and return to rest, defecate and excrete on coral 

t 
reefs by day. Are there a~J fishes that follow this pattern of 

behavior on Pacific reefs (perhaps Gnathodentex, Menotaxis, 

}!acolor)? 

b. Are halos in seagrass beds around patch reefs caused by 

• herbivores (fishes or urchins) or by currents and other forms 

of water movement? At this time, the literature seems to 

indicate qualitative differences between the Pacific and the 

Caribbean interactions bet\veen coral reefs and seagrass beds. 

c. Are echinoids less abundant in the Pacific than in the 

Caribbean? If so, is this because the predators of urchins 

(e.g., balistids, Diodon) are more abundant in the Pacific, 

perhaps because of less fishing pressure on reefs? 

4. Effects of land mass and water current patterns. 

a. The effects of terrestrial runoff, ground\vater seepage, 

internal waves, water current patterns, and water residence 

time on coastal nearshore corrmunities are the most important 

factors to study if \ve desire an understanding of the island 

ecosystem that would allow us to make rational decisions in 

matt<3rs of coastal zone management. Hhile it has been shown 

that mangroves display a tenfold greater rate of production 

wh~re influenced by t~rrestrial nutrient runoff, the 

i_n::lu<.Onces of loc.:1tion in terms of the n.:1tur2 <)f the ne.:1rby 

l.:1nc ::l.J.SS, currenc patterns, c.nd allochthonous nut:ri~nt supply 

:1.1s not be~n so '.vell <.locuml'nt2d for se:J.grass communi t i~s. A 
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direction for future studies to take should include assessing 

the standing stock and the rates of productivity of seagrass 

beds at various sites and relating these measures to 

availability of allochthonous nutrients, to water movement 

' I 

patterns, and to the substratum and topographic 

characteristics of the nearby land mass. 

b. Comparative studies between relatively pristine coastal areas 

and coastal areas affected by human activities nearby (such as 

reclaimed wetlands or forests cleared for agriculture or urban 

development and areas where reef organisms are removed in 

increasingly large numbers) should~be undertaken for seagrass, 

mangrove and coral reef ecosystems. 

c. The degree to which fisheries are affected by human activities 

mentioned above should be assessed. 

5. Ecology of seagrass consumers. 

a. Stable carbon isotope ratio studies of invertebrates and 

fishes have shown that vascular plants are often in their guts 

but are not assimilated. More studies are needed to firmly 

settle the question as to whether seagrass leaves and mangrove 

detritus serves as nutrition or merely serves as a substratum 

for edible algae and bacteria. 

b. It is commonly stated that a greater proportion of fishes 

(scarids), molluscs (strombids), and echinoids in the 

Caribbean than in the Pacific are found to consume seagrasses. 

I cannot find convincin~ evidence for this in the lite~acure. 

It would be of interest to do dietary studies in or ncar 

~ea~rass beds in the Pacific with the same m~thods u~ed in 
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Caribbean studies so that valid comparison could be made and 

differences between Pacific and Caribbean seagrass systems 

could be documented. 
f. 

c. Are seagrass beds grazed HY sea turtles or dugong more 

productive as a result of increased turnover, or less 

productive because of less standing crop, than seagrass beds 

overexploited and dugongs are absent? Dugongs are still 

relatively common in the Torres Straits and in local areas of 

northern Queensland; comparative studies of seagrass beds in 

regions with and without dugongs could be made. The effects of 

grazing of green sea turtles could be assessed by 

experimentally clipping seagrass blades in some areas in the 

manner of sea turtles while leaving other areas unclipped for 

controls. 

d. hnen seagrass beds are grazed by sea turtles, and especially 

heavily grazed by dugongs, the effectiveness of the seagrass 

bed as a nursery for fishes and crustaceans may be reduced. 

This possibility should be assessed and documented before any 

actual attempts are made to introduce or increase populations 

of dugongs or green sea turtles in Oceania. 

~. Practical and efficient fisheries management plans should be 

composed for the green sea turtle and the dugong. 

r. Tt-~lditional methods of resource management should be 

,;ocur~en ted and assessed. 

,. :·:1c:: 'Jarious tradition~tl and presenc uses and :naterials 

obcained from each ecosystem, including the contributions of 

each ecosystem to fisheries :1s nurseries or nuc:ricnt sutJply, 



should be evaluated in terms of an economic unit of measure. 

This information is often needed to document coastal zone 

management plans and proposals. 
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