
Chapter 4. 

COASTAL ECOSYSTEM MANAGEMEN T 

Introduction: 

Coral reefs , seagras s bed s an d mangal s ar e th e 
characteristic ecosystem s of tropical island coastlines . 
They are associated with rocky headlands, bays , beaches , 
lagoons, an d sometimes estuaries and deltas on the larger 
islands. Eac h ha s it s characteristic plant an d anima l 
components, an d th e structur e an d productivit y ar e 
regulated b y a  rang e o f physico-chemica l an d bioti c 
processes. I n most coastal ecosystems, bot h terrestria l 
and marin e influence s are important, an d variations i n 
local condition s o f climate , geomorpholog y an d 
oceanography ca n affec t the way the systems develop an d 
function. 

The plant s and animals forming, an d containe d in , th e 
major ecosyste m type s are of considerable value t o th e 
economy o f mos t tropica l islands . I t i s important , 
therefore, to sustain these ecosystems and their resources 
by appropriat e management . Biologica l resource s ar e 
generally "renewable" , an d management will seek to ensure 
the wis e us e o f these resources by as man y peopl e a s 
possible ove r the longest possible time period (manager s 
may wish to plan for a 25-30 year period). In other words, 
management shoul d ai m at " the conservation o f coasta l 
ecosystems a t the highest achievable carryin g capacity " 
(Clark 1977) . 

As with any type of resource management, the first step is 
to identify the resource and assess the nature of resource 
use. It s location , compositio n an d conditio n ar e 
investigated an d documented . Conditio n o r statu s i s 
assessed relativ e either to its condition in the past o r 
to th e desire d condition according to nationa l coasta l 
zone managemen t goals. I f the statu s differ s from what 
is expecte d or desired appropriate management strategie s 
can be formulated to alter the status; thes e may requir e 
manipulation o f th e ecosyste m or regulatio n o f huma n 
impacts, or both. 

One o f th e greates t problem s encountere d i n coasta l 
ecosystem managemen t i s th e natura l variabilit y i n 
ecosystem structur e an d processes in different parts o f 
most islan d states . Thi s mean s tha t managemen t 
interventions ma y wor k bette r i n som e habitat s tha n 
others, o r that development impacts might be more sever e 
on a n ecosystem at one site than on an apparently similar 
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ecosystem a t another . Ove r and abov e th e preliminar y 
inventory an d statu s assessment , individua l natura l 
habitats mus t b e evaluate d fo r thei r ecologica l an d 
economic roles with regard to conservation and development 
of the coastal zone. T o do this the coastal manager mus t 
understand th e methods and data assembled by ecologists , 
if thes e are to be used in ecosystem management decisio n 
making. O f critical importance is data which will be used 
to calculat e the yield of products from reefs , mangrov e 
swamps, an d othe r coastal ecosystems, becaus e this will 
influence regulator y policie s t o contro l resourc e 
exploitation. 

In man y islands, wher e natural resource utilization ha s 
not bee n base d o n wis e traditiona l o r scientifi c 
principles, overexploitatio n o f resources has resulted , 
with consequen t ecosyste m damag e and loss o f income . 
Before the damage can be reduced or further prevented th e 
manager mus t determine why it occurred, b y investigating 
the wa y in which ecosystem function has bee n perturbed . 
Further ecologica l research may be required to determin e 
what th e carryin g capacit y fo r th e syste m unde r 
exploitation shoul d be, s o that renewed resource use can 
be encouraged on a sustainable basis. Wher e depletion or 
ecosystem damag e are severe, a  determined effort may b e 
needed t o resuscitate the resource. Thi s wil l require , 
again, a n understanding of the way the particular species 
population o r ecosystem responds to manipulation, an d of 
the techniques availabl e for natural resource recovery. 

This Chapte r guide s th e student throug h a  serie s o f 
exercises designed to give experience in coastal ecosystem 
management an d exposur e to some of the problem areas i n 
tropical island situations. Th e emphasis is on biological 
aspects, bu t it must be remembered that resource use ha s 
socio-cultural, economi c an d institutional aspects also. 
All thes e aspects must be understood to some degre e i f 
good managemen t decision s ar e to be made tha t hav e a 
chance o f bein g implemented . Exercise s 4. 3 an d 4. 4 
introduce thes e non-biologica l aspect s o f resourc e 
management in a general way, an d trainees should refer to 
concepts developed in Chapter 3 above. 
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Exercise 4. 1 ASSESSIN G TH E STATU S OF COASTAL ECOSYSTEM S 

Background: 

Natural coasta l communities are an important part of th e 
economic resourc e bas e of mos t islands . Cora l reefs , 
mangroves, an d seagrass-alga l bed s make a  significan t 
contribution to  food and materials production , tourism , 
employment, an d coastal protection. The majority of these 
systems hav e bee n exploite d for long period s an d ar e 
subjected to  pollutio n an d developmen t stress . A s a 
consequence, sustainabl e exploitatio n i s a  priorit y 
concern for many environmentally aware governments. 

Prior to  taking any management decision with respec t t o 
natural communities , i t i s essential to evaluate thei r 
status. Thi s evaluation builds on the baseline ecological 
description o f the system, b y considering how muc h th e 
system deviate s fro m pristin e natural conditions a s a 
result o f human impact. Genera l categories that ca n b e 
used to describe an ecosystem are listed in Table 4.1. 

Table 4. 1 Categorie s for describing status of coasta l 
ecosystems. 

1. Pristin e 
2. Impacte d 

- slightly modified 
- moderately modified 
- greatly modified , bu t apparentl y 
healthy 

- greatly modified, an d showing sign of 
damage 

- severely damaged 

3. Destroye d 

In most cases, th e status designation will determine th e 
available managemen t options . Fo r example , i f th e 
ecosystem is "severely damaged", th e best option would be 
either tota l protection to permit natural recovery o r a 
programme of active resuscitation (se e also Ex. 4.4) . I f 
an ecosyste m ha s bee n "destroyed" , a s throug h lan d 
reclamation o r timbe r remova l in a mangrov e swamp , a 
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decision must be made as to whether or not it is desirable 
ecologically, feasibl e technically , o r advisabl e 
economically to attempt to rebuild it. 

Options woul d be selected also in terms of th e island' s 
coastal management goals (see also Ex. 3.1) . For example, 
if a Nature Reserve for scientific or educational purposes 
is required , i t would be best to select a "pristine" o r 
"slightly modified " ecosystem . Alternatively , i f th e 
ecosystem selected as a Reserve for some special attribute 
is foun d t o be "greatly modified, an d showing signs o f 
damage" th e propose d management strategy would hav e t o 
include remova l of the factors causing damage o r sitin g 
the reserv e elsewhere. A  status assessment i s of grea t 
socioeconomic importanc e wher e large numbers o f peopl e 
derive livelihoo d from a system's resources, a s it might 
indicate tha t presen t impac t i s threatenin g futur e 
utilization, with potential economic losses. 

Data concerning the nature of the particular ecosystem i n 
the past is required as the baseline for assessing present 
status. Wher e published scientific data is not available 
the manage r may have to rely on popular knowledge. Goo d 
knowledge and experience of the structure and functionin g 
of tha t type of ecosystem is essential also, becaus e o f 
the natura l variabilit y o f coasta l ecosystems . Fo r 
example, no t only do coral reefs and mangrove swamps show 
a spatia l zonatio n o f the species as a  reflectio n o f 
localised environmenta l differences, bu t als o tempora l 
successional changes , response s to episodic events lik e 
hurricanes, difference s on windward and leeward shores of 
islands an d latitudina l variation s betwee n island s 
(Milliman, 1973 ; Bacon , 1987b) . Furthermore , there are 
likely t o b e a variety of types of huma n impact , bot h 
presently and in the past, and variations in the intensity 
of those impacts. Damag e may not become apparent until a 
particular threshol d of impact has been reached; o r only 
as a  synergistic effect of two or more human activities , 
or huma n activitie s an d unusua l natura l events , i n 
combination. 

An illustrativ e cas e stud y i s th e managemen t pla n 
developed fo r the Caroni Swamp b y the Fores t Division , 
Government o f Trinida d & Tobago, whic h ha d regulator y 
responsibilty fo r thi s coastal mangrove area (Thale n & 
Faizool, 1979) . Figur e 4. 1 show s th e within-syste m 
variability i n vegetation , an d effect s o f attempte d 
reclamation in the 1920's (Bacon, 1975) ; an d Figur e 4.2 
shows th e zone d management plan for the swamp which wa s 
based o n status assessments of its sub-regions i n 1974 . 
The leas t impacte d are a wit h most divers e faun a wa s 
designated a s the "Scientifi c Zone", t o be used fo r 
research and monitoring purposes only. Wherea s the are a 
to th e nort h and west of the swamp was considered to b e 
badly degraded and designated as "Recuperative Zone -  not 
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FIGURE 4. 1 EXISTIN G CONDITION S -  CARON I SWAMP , TRINIDA D 
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FIGURE 4. 2 ZONIN G PLAN-CARON I SWAM P NATIONA L PAR K 
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to b e utilize d unti l it s natura l biot a ha d re-
established" . 

Status assessment s fo r selecting management options ar e 
appropriate for small areas of island coasts, a s well a s 
large complex areas like Caroni Swamp. Statu s assessments 
can b e used to compare all patches of one ecosystem typ e 
throughout a n entire island, fo r example when developing 
a National Coral Reef Management Plan. In all these cases, 
the managemen t proces s depend s on the accuracy o f th e 
status assessment. 

This exercise is concerned with a common, and economically 
significant coastal ecosystem, the coral reef. Suggestions 
follow fo r alternativ e exercises whic h concentrat e o n 
other tropical island ecosystems. 

The abilit y o f a reef to provide goods and service s i s 
related directl y t o the presence or absence o f certai n 
organisms, mos t o f which are readily recognisable by the 
non-specialist. A fisherman wants to catch fish, and knows 
that a  healthy, productiv e reef shows a certain balanc e 
between living corals and seaweed cover; a  tourist want s 
to se e a  variet y o f liv e animals , s o hi s o r he r 
satisfaction during a tour relates largely to reef species 
diversity; whil e a  hotelier wants the beach protected by 
the reef and replenished with particles from the reef, s o 
also need s to be assured that the neighbouring reef is a 
living, activel y growing , coral-anima l dominate d 
structure. Eac h of these user groups, an d others, may be 
responsible fo r reducing the value of the reef resource s 
by perturbatio n o f th e ecologica l balance , throug h 
overfishing, throug h walkin g o n and breaking off cora l 
heads, o r discharging sewage. The effects of such impacts 
are recognisable in changes of biota over time, i.e . th e 
reef doe s not contain the normal range of organisms ; o r 
the relativ e abundance of organisms differs from what i s 
expected (se e Porter, 1972; Dahl, 1981) . Eve n where prior 
data ar e no t available , presen t communit y gros s 
composition give s a useful preliminary indicatio n of reef 
status; Arche r (1985) , fo r example, reporte d that liv e 
coral cove r in Barbados ranged between 2 0 - 3 7 % wherea s 
it ha d normally been greater than 50 - 60% in the Western 
Caribbean. Eve n when it is remembered that reef specie s 
diversity an d abundanc e var y wit h depth , aspec t an d 
locations, such departures from the expected norm can help 
to focus the natural resource manager's attention. 

Aim: 

To mak e a preliminary assessment of the status of a coral 
reef. 
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Duration: 

One da y (dependin g on the availability of historical o r 
other baseline data) . 

Suitable Location: 

An are a of fringing reefs, smal l patch reefs, o r cora l 
cays, preferabl y withi n the main barrier on th e islan d 
shelf. Selectio n shoul d be made (a ) bearing in mind th e 
swimming/diving competenc e o f the trainees, an d (b ) i n 
order t o examin e a gradient of conditions , fro m area s 
known to be heavily impacted by human activities to thos e 
thought no t t o be . A n area used b y tourists , wher e 
trampling and/or intensive spear fishing have taken place, 
makes a  suitabl e "impacted" site. Site s should b e a t 
least 1 km apart, bu t preferably on the same side of th e 
island (s o that results are not biased by windward/leeward 
coastal variations in reef structure). Choosing areas that 
have bee n describe d a t a n earlie r dat e ca n assis t 
interpretation of the data collected. 

Materials Required: 

Per group ( 3 - 4 persons ) 

Transect line , tha t shoul d not float, marke d a t 1  m 
intervals. 
A weighte d line marked at 0.5 m intervals to be used fo r 
depth measurements. 
Underwater writin g slat e (thre e to fou r clipboar d o r 
smaller siz e sheet s o f whit e formic a tie d loosel y 
together). 
Waterproof Identification Guides, if available. 
Compass 

Personal 

Face mask, snorkel, fins 
(life support vest; SCUBA gear, as appropriate) 

Instructions 

Field Methods 

Measurements ca n be made in the more accessible, shallo w 
reef flat area by inexpert swimmers; o r on the reef slope 
if SCUBA is to be used. Th e instructor must ensure tha t 
measurements are made in similar depths in all comparative 
sites. A  plotless line transect method will be employed, 
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as follows: 

1. Plac e the transect line parallel to th e shore (Figur e 
4.3) and anchor it so it is relatively taut. 

2. Recor d th e sit e and dept h on the underwate r slat e 
which ha s been prepared in advance as shown in Tabl e 
4.2. 

3. Investigat e th e lin e ove r a distance of 1 0 m  an d 
record -

(a) any organism which intercepts the line, and 
(b) the proportio n o f the line intercepted b y eac h 

organism. 

For example, a  brain coral, Diploria , is located and 
intercepts the line between 1.25 and 1.48 cm from th e 
start, i.e. it intercepts along 23 cm of the transect. 

For this introductory exercise, alga e can be recorded 
as colonies , rathe r than trying to count individua l 
plants; an d wher e layere d organisms occu r o r on e 
organism i s seen below another, onl y the surface i n 
contact wit h o r directly below the lin e shoul d b e 
measured. 

As fa r as possible, identif y and record all sessil e 
macroalgae an d macr o invertebrates intercepting th e 
transect. 

4. Mov e th e transect line to a new location 1 m  deepe r 
than the first, bu t still parallel to the shore, an d 
repeat the measurements and record keeping. 

5. Repea t wit h furthe r transect s a t 1  m  deepe r 
intervals, to  a total of at least five transects. 

6. Eac h sub-grou p shoul d recor d a  replicat e se t o f 
transects nearby , bu t a t least 10 m away fro m th e 
first set (Figur e 4.3). 

If mor e tha n on e grou p o f trainee s i s runnin g 
transects, these could be treated as replicate samples 
and analysed for intra-site variability. A s there may 
be difference s i n the field competence of th e sub -
groups, thi s might introduce a source of error. Sub -
group compatibility ca n be teste d b y all sub-groups 
working ove r th e sam e transec t an d comparin g 
results at the start of the exercise. 

7. Repea t th e transec t measurement s a t th e othe r 
location/s being used in this comparative study. 
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Table 4. 2 Sampl e Data Recording Format for Cora l Ree f 
Survey 

Species Tota l linear 
cover (cm) 

Corals 
species A 
species B 
species C 
etc 

Total corals 

Algae 
species A 
species B 
species C 
etc 

Total algae 

Seagrass 
Bare sand 
Other biota 
species a 
species b 
etc. 

Total non-coral/algal 

% cover No. o f 
colonies 

% colonies 
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FIGURE 4. 3 LIN E TRANSEC T POSITION S 

FIGURE 4. 4 PROFILE S COMPARIN G TW O JAMAICA N REEF S 
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Laboratory Methods 

8. Transfe r al l dat a t o data sheets, usin g a  forma t 
similar to that shown in Table 4.2. 

9. Dra w profil e diagrams of th e transect s using depth 
measurements (se e Figure 1.7). Thi s will allow visual 
comparison of replicate sites and different locations. 

10. For each transect calculate and record -

(a) % cover for each species, and 
(b) % o f tota l numbe r o f colonie s occupie d b y 

colonies of each species. 

11. Using dat a from all replicate samples at eac h site , 
calculate means and standard deviations for all data. 

Analytical procedures 

12. Status a t th e singl e location can b e assesse d b y 
listing i n orde r o f importanc e dominan t organis m 
groups, fro m % cover estimates. This list is compared 
with historica l dat a o r expert opinion o n wha t a 
healthy ree f i n the islan d shoul d b e like . Fo r 
example, J . Woodle y (persona l communication 1987 ) 
suggested tha t most Caribbean reefs had 60% o r mor e 
living coral, with good development of staghorn coral, 
Acropora cervicornis , an d coralline algae widespread 
with fleshy algae occupying less than 10% cover . Th e 
occurrence o f dea d cora l showin g whit e skeleton s 
without alga e growin g o n the m wa s evidenc e o f 
recent deat h o f th e coral. Recen t event s i n th e 
Caribbean, suc h as coral diseases, have altered these 
cover estimates. I n any island where this analysis is 
attempted u p to date information should be consulted. 
Does th e survey data suggest deviation from the nor m 
at this location ? 

13. As ther e i s likel y t o b e considerabl e localise d 
variation i n comple x cora l ree f communities , yo u 
should tes t you r serie s of transec t dat a fo r 
within system and between system variability by ANOV A 
or other appropriate statistical test. 

14. Plot th e relationship between total coral cover (har d 
corals an d soft corals) and total algal cover at each 
location. 

15. Draw a  histogram which shows number of species and % 
cover a t eac h site, unde r different categorie s o f 
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organisms, such as "corals", "algae", "other biota". 

16. Compare th e mean % cover o f corals and algae at th e 
different sites. 

17. Give a  brie f narrativ e description o f an y marke d 
differences betwee n study locations. Not e whic h 
location appears to have th e highest coral cover 
and th e greates t coral species diversit y (fo r 
purposes o f thi s exercis e thes e feature s ar e 
taken t o indicat e health y ree f environments , a s 
suggested in the literature referred to above). 

18. Assuming tha t significan t differences betwee n ree f 
locations ar e demonstrated , arrang e you r ree f 
locations in order of deteriorating status. 

19. Discuss th e result s o f you r preliminar y statu s 
assessment. Remembe r tha t alteration of the natura l 
balance o f a  reef community could be the resul t o f 
pollution, overfishin g o r natura l phenomen a lik e 
hurricanes. 

Product: 

Data can be presented in tabular form, as indicated, or as 
figures an d species list as shown in the followin g Cas e 
Study: 

Two ree f area s studie d by Head and Hendr y (1985 ) ar e 
illustrated b y th e profile, Figur e 4 . 4 . Th e mor e 
pristine sit e a t Lim e Cay showed initially hig h alga l 
cover whic h declined as nearly 80% coral cover was foun d 
on th e ree f crest and forereef. Hal f Moon Ba y showe d 
coral cove r muc h lower with heavy mat s o f macro-alga e 
throughout th e transects . Lim e Cay showed a much mor e 
diverse coral fauna and greater numbers of sea fan species 
(Table 4.3). Th e suggestion was made that the Half Moo n 
Bay reefs showed evidence of disturbance, du e possibly to 
sewage pollution. 

Assessment o f statu s doe s not necessarily answe r man y 
questions, bu t i s more likely to point to the nee d fo r 
further research . I t doe s help to focus attentio n o n 
potential proble m areas, b y indicating that something is 
not as expected (see Table 4.1). A  status assessment can 
indicate the nature of a problem; fo r example, increase d 
seaweed growt h o n a coral reef suggests some degre e o f 
nutrient enrichmen t (eutrophication ) which , i f no t 
explainable by natural causes, migh t be related to nearby 
sewage discharge. O n the other hand, an assessment which 
showed lo w levels of commonly expected reef fishes woul d 
suggest tha t th e problem is more likely related t o th e 
fishing pressure than to pollution, an d the manager would 
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Table 4.3 Anthozoa n and hydrozoan 'coral' species present 
on th e Lime Cay and Half Noon Bay traverses. 
For abundance, 1 = single specimen, 2 = uncommon, 
3 = common, 4 = abundant, 5 = locally dominant. 

Stephanocoenia michelini i 
Acropora palmat a 
A. cervicorni s 
Siderastrea radian s 
S. sidere a 
Agaricia agaricite s 
Porites porite s 
P. astreoide s 
P. branner i 
Montastrea annulari s 
M. cavernos a 
Diploria clivos a 
D. strigos a 
Colpophyllia natan s 
Isophyllia sinuos a 
Isophyllastrea rigid a 
Rhodactis sanctithoma e 
Ricordea florid a 
Zoanthus sociatu s 
Zoanthus sp . 
Palythoa caribbe a 
Erythropodium caribaeoru m 
Plexaura flexuos a 
Pseudoplexaura poros a 
P. flagellos a 
Eunicea tournefort i 
Muricea atlantic a 
M. pinnat a 
Pseudopterogorgia aceros a 
P. american a 
Gorgonia flabellu m 
G. ventalin a 
Millepora alcicorni s 
M. complanat a 

TOTAL SPECIES NUMBE R 

TOTAL ABUNDANCE SCORE S 

LIME CA Y 

1 
5 
3 
4 
2 
2 
5 
4 

4 
3 
5 
5 
1 
2 
2 
2 
2 
4 
2 
5 
2 
3 
3 
3 
3 
3 
3 
4 
5 

4 
4 
2 

32 

100 

HELLSHIRE 

1 

3 
3 

3 
3 
2 
1 
3 
3 

3 

4 

5 

1 

2 

2 
3 

16 

39 
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be aide d in deploying scarce resources in an appropriat e 
direction. Althoug h th e coastal manager might b e mor e 
concerned wit h pressin g an d voca l demand s fro m th e 
resource users , hi s primar y task is to maintai n i n a 
viable for m th e resource s on which thos e use r group s 
depend. Althoug h th e proble m might be seen as reduce d 
incomes b y fishermen , th e cause probably lie s i n th e 
condition (status ) of the reef which they are working; and 
the resource users' problem is unlikely to be solved while 
the resource is in a less than optimally productive state. 
Continued economic development of natural resources in the 
coastal zon e i s dependen t o n regula r check s o n th e 
"environmental bank balance". 

Alternative Exercises: 

1. Ree f status assessment by fish counts 

Considerable informatio n i s availabl e o n th e 
composition an d abundanc e o f cora l ree f fis h 
populations i n tropica l islands (Munro e & Williams , 
1985). Perturbatio n o f ree f conditio n wil l b e 
reflected i n change s i n th e fis h community , 
particularly lowerin g of diversity. 

One simpl e technique for estimating the diversity i s 
the Stationer y Visual Census Technique describe d b y 
Bohnsack and Bannerot (1986) . Thi s is best done using 
SCUBA, but can be adapted for snorkel surveys from the 
surface. 

At randoml y selected points, al l species of fish are 
recorded whic h ar e observe d withi n a n imaginar y 
cylinder extendin g fro m the surface to th e seabed , 
with a  radiu s of 24 ft (7. 5 m) during a five minut e 
interval. Furthe r point s are selected, base d on a 
number of swimming kicks determined from random number 
tables. Additiona l informatio n on fish fork-lengths, 
size of schools, o r other parameters, can be recorded 
as appropriate. 

2. Assessmen t of the legal status of coral reefs. 

For management purposes, the legal status of a natural 
resource is as important as its ecological status. A s 
a des k exercise , o r throug h visit s to  relevan t 
government agencies, legislation can be examined. 

It i s importan t to  decid e wha t typ e o f lega l 
protection is required (a ) for the reef itself, (b ) to 
control use of reef resources, (c ) to buffer the reef 
from advers e external impacts, suc h a s water-born e 
pollutants or excessive land run-off, or (d ) to remove 
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already existing adverse human impacts. 

The adequac y of existing legislation can be assesse d 
and preliminar y draft s can be prepared o f an y ne w 
legislation whic h ma y be required (see Chapter 3) . 
Emphasis shoul d b e place d o n provisio n fo r 
enforcement o f legislation , bearin g i n min d th e 
particular difficultie s o f managin g cora l ree f 
environments. 

3. Reliabilit y of sampling procedures in highly variabl e 
natural environments. 

As mentioned , difference s betwee n sample sites ar e 
frequently obscure d b y ecosyste m variatio n alon g 
transects or between neighbouring plots. A  coral reef 
is a n ideal place for demonstrating the importance of 
an appropriate sampling method, includin g replication 
and inter-investigator compatibility. 

Coral specie s diversit y and cover estimates ca n b e 
compared usin g 2 -3 method s described in the UNESC O 
Coral Ree f Research Methods handbook. A  compariso n 
should be made of the results obtained using different 
methods an d by different groups of trainees using the 
same method. Th e accuracy of a sampling method should 
be relate d to the number of replicate samples taken . 
Standard statistica l o r biologica l method s text s 
should be consulted. 

Further Reading: 

Banner, A. H. 1974 . Kaneoh e Bay , Hawaii : urba n 
pollution an d a  cora l ree f ecosystem . 
Proceedings of the 2nd International Symposiu m 
on Coral Reefs, 2; 685 - 702. 

Beller, W.S . (Ed). 1979 . Transaction s at the Conference 
on Environmental Management and Economic Growth 
in the Smaller Caribbean Islands, St . Michael, 
Barbados, Sept. 1979; 103 pages. 

Multer, H.G . &  Gerhard, L.C.(Eds) . 1974 . Guideboo k to 
the Geolog y an d Ecology of som e Marin e an d 
Terrestrial Environments, St . Croix . Specia l 
Publication No.5, Wes t Indies Laboratory, St . 
Croix; 303 pages. 
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Exercise 4. 2 CONDUCTIN G HABITA T EVALUATIO N 

Background: 

Coastal ecosystems are complex, and understanding how they 
function o r wha t organism s the y suppor t require s 
specialist knowledg e and long periods of research . Th e 
coastal manage r i s concerne d rarel y wit h biologica l 
intricacies, suc h a s taxonomi c composition , diversit y 
indices, foo d webs or productivity estimates, and is more 
likely t o wan t to know why and how ecosystems should b e 
managed. A  further problem faces the manager where island 
coasts contain several, apparentl y diverse, area s of any 
ecosystem type, e.g. lagoons of different shapes and sizes 
or swamp s dominated by different mangrov e species . I n 
these cases, shoul d there be a common management strategy 
for eac h ecosyste m type or should there be a ranking i n 
order of their ecological importance? I f the latter, how 
should the several areas of an ecosystem type be ranked to 
show priority order for exploitation ? 

Exercise 3. 3 considere d criteria for selectin g natura l 
areas, i n terms of their general value to society. Thi s 
included criteri a fo r "biological value " (Tabl e 3.5) , 
although no attempt was made to quantify that value. Th e 
exercise selecte d fo r area s "important" t o commercia l 
species o r wildlife, bu t did not discuss how to  decid e 
whether on e habita t was more important than anothe r o n 
economic o r aesthetic grounds. Ever y coastal ecosystem, 
be it seagrass bed or salina, ha s ecological value, and , 
ideally, thes e value s shoul d b e sustained . Bu t th e 
development situatio n in most islands dictates that onl y 
some coastal areas can be retained in their natural state. 
Areas wit h commercial specie s or those considered unique 
or representativ e (Tabl e 3.5) are identified readily an d 
their preservatio n easily justified during coasta l zon e 
management planning . Whe n th e management objective i s 
conservation of a particular wildlife species , selectin g 
its most important habitat is problematic, but critical to 
the survival of that species. 

The evaluatio n o f wildlif e habitats i s importan t fo r 
several reasons; 

(a) It assists the manager to concentrate scarce resources 
on protecting the areas of greatest importance to th e 
target wildlife species. 

(b) It helps locate development activities , particularl y 
those likel y to  impac t o n commerciall y o r 
aesthetically importan t species , i n th e les s 
valuable areas of habitat. 

(c) It permit s th e manipulatio n of habitats to produc e 
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optimal condition s for the target wildlife, a s whe n 
previously impacte d site s are being returne d to 
productive status. 

Many technique s hav e bee n devise d fo r habita t 
evaluation. On e evaluation model, reviewe d by Golet 
(1978), used maximum wildlife diversity and production 
as th e standar d against which a serie s o f wetlan d 
habitats could be evaluated. Criteri a used under the 
Ramsar Conventio n to select wetlands of international 
importance (Tabl e 4.4) stress the numbers of waterfowl 
supported by particular sites. 

Table 4.4 . Criteri a fo r Identifyin g Wetland s o f 
International Importance . (Source : Th e 
Ramsar Convention 1971) 

1. Quantitativ e criteri a fo r identifyin g wetland s o f 
importance to waterfowl 

(a) Regularly support s either 10,000 ducks, gees e or 
swans; or 10,000 coots; or 20,000 waders; or 

(b) Regularly support s one percent of the individuals 
in a  population of one species or subspecie s o f 
waterfowl; or 

(c) Regularly support s on e percent of th e breedin g 
pairs in a population of one species or subspecies 
of waterfowl. 

2. Genera l criteri a fo r identifyin g wetland s o f 
importance to plants or animals 

(a) Supports an appreciable number of rare, vulnerable 
or endangere d specie s or subspecies of plant o r 
animal. 

(b) Is o f special value for maintaining th e geneti c 
and ecologica l diversit y of a region because o f 
the qualit y o r peculiaritie s of its flor a an d 
fauna. 

(c) Is o f specia l value as the habitat of plants o r 
animals a t a  critica l stag e o f thei r 
biological cycles. 

(d) Is o f specia l valu e for its endemi c plan t o r 
animal species or communities. 

3. Criteri a for assessing the value of representative o r 
unique wetlands. 

(a) Is a particularly good example of a specific typ e 
of wetland characteristic of its region. 
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However, wildlif e diversit y and abundance of individuals 
are rarely characteristic of small island habitats, s o a 
suitable techniqu e would evaluate habitat in terms of one 
or a few target species. Th e following exercise is base d 
on Habita t Suitabilit y Index models (Schamberger & Fa r 
(HEP) formulated by the US Fish and Wildlife Service (se e 
Schamberger & Kumpf, 1980; USFWS , 1985). 

Aim: 

To evaluat e the quantity and quality of habitat available 
to a selected species in an island or region of an island. 

To ran k th e area s o f available habita t i n orde r o f 
importance for the conservation of the target species. 

Duration: 

Minimum 1  da y ( depending on the quality o f ecologica l 
data availabl e an d th e location of sites use d b y th e 
target animals). 

Suitable Location: 

Laboratory or drawing office work, supported by field work 
in two or three local sites. Preferabl y th e study sites 
should b e o f different sizes and one shoul d eithe r b e 
impacted by human activity or scheduled for development. 

Materials Required: 

Topographic maps of island or region. 
Aerial photographs of the study sites. 
Narrative summar y o f biolog y o f th e selecte d anima l 
species, includin g information o n foo d requirements , 
reproductive habitat requirements , migrator y movements 
or territorial behaviour, as appropriate . 
Drawing materials. 

Instructions: 

Preliminary Study 

1. Selec t a  species of animal fo r study . Preferably , 
this shoul d b e a  resident specie s wit h som e 
recognised commercial or aesthetic value , e.g . a 
national symbol , a  gam e o r foo d species , o r a n 
endangered species . Choic e o f a  bir d migh t b e 
advisible, particularl y one of the coastal waterfowl, 
because th e biological data base is often bette r i n 
tropical islands than for other animal groups. 
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2. Stud y the literature and summar y report provided, and 
list ke y biologica l requirement s o f th e targe t 
species, e.g. 

food type 
foraging habitat type 
cover, e.g. preferre d roosting site 

preferred nesting site 
means of protection from predators 

special factors, e.g . sit e tenacity (e.g . us e of 
traditional nestin g sites ) or response t o huma n 
disturbance 
interspersion, i.e . distance s travelle d betwee n 
roosting sites and foraging areas 

3. O n th e map s provided, locat e area s o f apparentl y 
suitable habitat . Tak e into account portions o f 
habitat use d fo r all life history requirements , 
e.g. feedin g areas , roostin g areas , migrator y 
routes. Us e aeria l photograph s to supplemen t thi s 
activity. 

4. Estimat e the size of all areas of apparently suitabl e 
habitat i n th e island or region. Su m these an d 
record the total. Thi s gives a n indication of the 
quantity of available habitat. 

Field Study 

5. Selec t a t leas t thre e sites fro m th e abov e lis t 
(preferably site s whic h can be visited on th e sam e 
day) and confirm their use by the target species . 

6. Mak e field measurements which permit comparison of the 
suitability o f these sites for the target species. 
This measur e o f th e qualit y o f th e availabl e 
habitat should be made as follows: 

select som e o f the more easily measure d habita t 
variables, suc h a s distance between roosting an d 
foraging areas, distanc e between cover and sources 
of huma n disturbance , are a of vegetation stand s 
used for nesting. 
Quantify thes e values, an d compare between sites. 
If three sites are being assessed, assign values on 
a relative scale from 1 -3 fo r each variable; su m 
these and record the totals for each site. 
If th e optimum habitat conditions are known (fro m 
available literatur e o r fro m a  loca l expert) , 
establish a Habitat Suitability model format. Thi s 
model shoul d b e in index format , i.e . a  ratio 
between th e valu e unde r investigatio n an d a 
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standard of comparison, as follows: 

HSI =  Sit e habitat condition 
Optimum condition 

As shown in Figure 4.5, assign habitat variables to 
a scale of (unsuitable)0 -  1(optimum). Su m these 
values and record them. 

7. Calculat e Habita t Unit s fo r eac h site , a s th e 
product o f the HSI (quality ) and total site are a 
available (quantity) , fro m the above estimates . 
The Habita t Unit s ca n b e use d fo r inter-sit e 
comparisons, as indicated below. 

Habitat Assessment 

8. Existin g condition s i n th e study site s shoul d b e 
compared. Identif y th e sit e wit h greates t 
capability for supporting the target wildlife species, 
and rank others in order of decreasing capability . 
Discuss th e implication s o f thi s ran k orde r fo r 
conservation of the target species. 

9. Assumin g tha t on e o f th e stud y site s i s bein g 
impacted by human activity , an d that this impac t 
is likely to continue, calculat e Habita t Units at 
fixed period s i n th e future fo r tha t site , i.e . 
estimate remaining area and/or habitat condition after 
one year , tw o year s or 5 years . Compar e th e 
future conditio n o f al l sites an d discus s th e 
implications. 

10. Assuming tha t one sit e is earmarked for development, 
predict Habita t Unit s o n completio n o f th e 
development. Discus s how the developmen t might be 
modified t o maintai n Habitat Units as clos e t o 
existing condition s as possible. 

Alternative Exercises: 

1. Habita t assessmen t ca n b e mad e using a  rang e o f 
species. I n thi s case , habita t suitabilit y 
indices mus t be calculated for all specie s an d 
then combine d to produce HU's. Thi s can be comple x 
and wil l require considerably more information on the 
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ecology o f the sites. A  broader treatment o f thi s 
nature wil l produc e a  more accurate assessmen t o f 
habitat value, however. 

2. On e o f the sites studie d in the main exercise whic h 
had a low habitat value could be reinvestigated with a 
view t o improving its value. Thi s extension of th e 
main exercise could be used to suggest how the site or 
ecosystem could be manipulated i n order t o remove 
negative features . Fo r example , th e remova l o f 
sources o f human disturbance or the planting of mor e 
trees migh t mak e the site a more suitabl e breedin g 
area for the target species. 

Further Reading: 

Gleeson, P.E. , Clark , J.R . &  Clark, J.E. (Eds) . 1979 . 
Wetland Functions and Values: th e State of our 
Understanding. Proceeding s o f the Nationa l 
Symposium on Wetlands, American Water Resources 
Association, Mineapolis, USA, 674 pages. 

Tihansky, D.P. & Meade, N.F. 1976 . Economi c contributio n 
of commercia l fisherie s i n valuin g U.S . 
estuaries. Coasta l Zone Management Journal, 2; 
411 - 421. 

USFWS 1980 . Habita t Evaluatio n Procedure s (HEP) . 
Division o f Ecological Services, U.S . Fis h & 
Wildlife Service, Washington ; 143 pages. 
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Exercise 4.3 CALCULATIN G OPTIMUM SUSTAINABLE YIELDS FOR 
COASTAL RESOURCE S 

Background: 

There i s a  wide range of directl y harvestabl e natura l 
resources i n th e coasta l zone s o f tropica l islands . 
Primarily thes e ar e fin-fish, bu t other edible specie s 
such a s sea-mosses , conch , shrimp , lobster s an d se a 
turtles are of economic importance in many areas . Ston y 
corals, se a fans, blac k coral and sea shells have minor, 
but widesprea d use in the tourism and handicraft sectors, 
both locally and in international trade; whil e renewabl e 
non-biological resources include beach sand and salt. 

Theoretically, the supply of sea salt is unlimited. Beac h 
sand i n tropica l island s can be mined rarely i n larg e 
quantity or for long periods without causing environmental 
disturbance (Cintron , 1981) . Som e ver y slo w growin g 
organisms, lik e blac k cora l (Antipatharians) , ca n b e 
eradicated easily by over-enthusiastic harvesting (Mailer , 
1982) ; se a turtle populations decline rapidly if too many 
nesting females are killed on beaches or too many eggs are 
taken (Car r &  Schroeder , 1967 ; Carr , 1980) ; an d 
overexploitation o f mangrove timber may lead to  habita t 
alteration tha t prevent s natural regrowth of the fores t 
(Hamilton &  Snedaker , 1984) . Th e remova l o f coasta l 
resources at levels beyond the capacity of the populatio n 
or ecosystem to restore them, not only reduces the size of 
available resources , bu t ha s seriou s socioeconomi c 
consequences (Snedake r & Getter, 1985). I n small tropical 
islands resource s ar e characteristicall y limite d an d 
ecosystems fragile (Towle , 1971; McEachern & Towle, 1972), 
so tha t th e effect s o f careles s utilizatio n o r 
overexploitation may be extreme. 

In order that loss of resources (an d income and jobs) an d 
consequent environmenta l deterioratio n i n th e coasta l 
zone b e prevented , exploitation rates must be regulated. 
There are several approaches to this very important aspect 
of coasta l zon e management , som e of which stres s th e 
technical aspects of establishing permitted yields, whil e 
others concentrate on legal or institutional measures fo r 
regulating user-grou p activity. Bot h are important, bu t 
the secon d approac h depends also on an understanding o f 
the potentia l yield or carrying capacity of the resourc e 
being studied. Method s of predicting yield are summarized 
in Appendix 6. On e of these, Optimu m Sustainable Yiel d 
(OSY), forms the subject of this exercise and, as its name 
suggests, i s a  measur e tha t ha s direc t managemen t 
implications. Theoreticall y i t ca n be applie d to  an y 
coastal o r marin e resourc e whic h i s renewable . I t 
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accommodates within the calculations effects on the user -
groups o f managin g th e resource s whic h the y ar e 
exploiting. 

The mos t advance d wor k on predicting yield s ha s bee n 
concerned wit h marin e fish populations (Cushing , 1975 ; 
Gulland, 1977) . Dat a requirement s an d statistica l 
treatments ar e necessaril y complex becaus e o f seriou s 
restraints on obtaining accurate estimates of fish stocks. 
It i s virtually impossible to study an entire populatio n 
of a  fish species in any area of the coast, becaus e most 
catch method s are 'blind' , fis h move in and out o f th e 
area, an d fishin g gea r i s selectiv e fo r particula r 
size/age classe s o f fish . Lon g period s o f researc h 
producing lon g serie s o f fisherie s statistic s ar e 
necessary fo r yiel d prediction . Thi s i s becaus e 
fluctuations in marine environmental conditions, sometimes 
due to events in fa r distant parts of the oceans, affec t 
rates o f recruitment , growt h an d mortalit y i n fis h 
populations. Coral reef fisheries, which are typical of so 
many tropical islands, ar e based on multi-species stock s 
(Munro & Williams, 1985) , th e analysis of which requires 
specialist knowledge outside the scope of this Workbook. 

To simplify the OSY calculation, thi s exercise deals with 
an easil y accessible, fixed-siz e coasta l resource which 
can be sampled in its entirety, namel y mangrove trees for 
use a s timbe r o r charcoal . Th e principle s o f yiel d 
prediction can be illustrated through hands-on experienc e 
in mos t tropica l islands without the need for costly o r 
complex equipment. Furthermore , no capture or destruction 
of resource s i s actuall y require d fo r thi s trainin g 
activity. Th e exercis e assumes that the study are a i s 
pristine an d no t presentl y used by anybody . Thi s i s 
probably unrealistic for most mangrove areas, s o some o f 
the socioeconomi c aspects of management are raised at the 
end of the section. 

Aim: 

To calculate the Optimum Sustainable Yield of timber fro m 
a mangrove stand. 

Duration: 

One day (depending on location and data availability). 

Suitable Location: 

A smal l (abou t 4- 5 ha ) mangrov e area , preferabl y 
accessible from the land or by a small boat, clos e to the 
laboratory or training centre. 
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Materials Required: 

50 m long rope, marked in 1 m, intervals. 
Tape measure, marked in cms. 
Compass. 
Map of site (o r aerial photograph). 
A simple field key to local mangrove species. 
Data shee t giving local market prices of mangrove timbe r 
and/or charcoal. 

Instructions: 

Field methods 

1. Selec t a n are a of mangrove forest using the ma p o r 
aerial photograph. Thi s should be a clearly define d 
area, o r part of a larger area, of mangrove which can 
be studied in the available time frame. 

2. Estimat e the gross area l coverage of this 'stand ' o f 
mangroves in hectares, and record this. 

3. I n the field, se t out a quadrat 10 x 10 m (0. 1 ha) in 
size using the marked rope. Ti e the rope to suitabl y 
placed tree s or use stakes to mark the boundary. Se t 
the boundar y marker line at a fixed orientation using 
the compas s to ensure regular quadrat placing . Mar k 
the quadrat position on the map. 

4. Systematicall y study each tree and record the specie s 
and the diameter of the trunk, as follows: 

- Mangrove specie s are identified using a simple ke y 
provided by the instructor. 

- Diameter o f the trunk is most easily calculated b y 
measuring circumferenc e (c ) wit h a flexibl e tap e 
measure. Thi s i s done at breas t height or abov e 
prop root s a s appropriate. Diamete r a t breas t 
height equivalent is dbh = c/T T , recorded in cm. 

5. Coun t the number of established (growing ) seedlings in 
the quadrat. 

6. Measur e tree s i n a second quadrat, an d repeat thi s 
until abou t 25 % o f th e tota l are a ha s bee n 
sampled. With small areas, use quadrat samplin g to 
measure all trees. 
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Preliminary calculations 

7. Parameter s fo r mangrov e growt h rate s an d biomas s 
(timber) productio n rate s will vary wit h differen t 
species and different geographic locations. I f rate s 
for mangrove s i n the island being studied are know n 
these should be utilised, otherwise , fo r purposes of 
this exercise , genera l conversion factor s modifie d 
from Lug o an d Snedake r (1975 ) ca n b e applie d 
(Table 4.5 , Figur e 4.6) . (Thes e mak e severa l 
assumptions an d generalisations , whic h coul d b e 
refined i f tim e permit s to giv e mor e accurat e 
estimates, by reference to the mangrove literature). 

Table 4.5 Conversio n factors and measurements - mangroves 

1. Mean increase in dbh =  0.3 3 cm yr -1 

2. Mean weight increase per tree (above 10 cm dbh) 

= 1  kg yr -1 

3. Seedling initial mean weight =  6. 3 g 

4. Mean weight increase per seedling =  0. 4 g yr -1 

Enter you r dat a for the measured area on th e Tabl e 
provided. A  separat e table could b e complete d fo r 
each species of mangrove in the stand (cf. the example 
Table 4.6). 

8. Calculat e th e standin g crop of timber (kg) for eac h 
dbh class of trees; 

crop = no. of trees x dbh to weight conversion factor 
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Table 4. 6 Sampl e Field Data Forma t -  Mangrove yiel d 
survey 

Location name: 

Date: 

Quadrat No: 

Species No. 1, 

Tree No. 

1 
2 
3 
4 
etc. . 

Mean 
No.seedlings 

Species No. 2 

Tree No. 

1 
2 
Mean 
No. seedlings 

etc 

1 2 

Rhizophora 

. . 

. . 

Avicennia 

# # 

3 

• 

. 

• 

Observers: 

Time:from to 

4 5  6  7  8  9 

circumference or dbh 

. 

. 

Circumference or dbh 

10 
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FIGURE 4. 6 GENERA L R E L A T I O N S H I P BETWEE N 
dbh AN D BIOMAS S O F RE D MANGROV E 
TREES (modif ie d fro m Golle y e t g j , 196 2 
and variou s othe r author s ) 
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9. Calculat e th e mea n weight of the timber stock s fo r 
each db h class in the measured mangrove sample plot s 
(see example, Table 4.7). 

10. Calculate th e tota l timbe r stoc k fo r th e whol e 
mangrove stand: 

Management option s 

11. The tota l timbe r stock (1 0 above) is availabl e fo r 
exploitation, managemen t decision s must be mad e 
concerning method of harvesting. Th e main options 
(see also Ex. 3.1) are as follows:-

a. Clea r fel l th e mangrov e fores t to remov e all 
timber; th e harves t wil l be equivalent to  th e 
total timber stock/standing crop (a s estimated i n 
10 above). 

Note: Wit h mangrove s growing at a mean rate of 0.3 3 
cm yr -1 , it will be necessary to wait approximately 35 
years befor e an y furthe r cro p i s read y fo r 
harvesting. Thi s ha s economi c implication s fo r 
resource users. 

b. Selectiv e harvestin g i s a n optio n i f larg e 
sized timbe r o r wood for charcoal i s required . 
One could harvest only trees with greater than 1 0 
cm dbh , fo r example . Calculat e wha t 
proportion o f the total stock is available unde r 
this restriction . Th e yiel d i s smaller , o f 
course. 

Note: Tree s i n dbh class 7-9 cm wil l reach harves t 
size i n abou t thre e year's time. I t wil l b e 
necessary to  wai t several year s for othe r siz e 
classes to reach harvestabl e size. This method force s 
resource users into an irregula r exploitation cycle. 

c. Continuou s or regular harvesting 

The two  previous options give sustainable yield s 
of timber/charcoa l over long periods of time but 
at irregular intervals , s o are not optimal fo r 
the use r group . I t shoul d b e possibl e to 
calculate a smaller, bu t continuous mangrove crop 
which woul d suppor t permanen t industries ; fo r 
example a  smal l regula r amount of timber cu t 
and prepare d a s charcoa l for th e th e weekl y 
market. 
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Table 4.7 Surve y of Mangrove Timber Stocks - L'Anse Paletuvier, 

September, 1987. 

(a) Trees 

dbh class 

(cm) 

No. trees 

in sample 

plot(5Q0m ) 

A 

Timber 

in sample 

Plot (kg) 

Timcer 

per m 

(kg) 

wgt 

B 

Total 

timber 

in stand 

(5.6ha) 

(kg) 

C 

Expected 

total timber 

in stand 

after 1 year 

(kg) 

> 15 

15 
14 
13 
12 
11 
10 

6 -

1 -

9 
5 

1 
5 
2 
0 
12 
10 
22 

24 
57 

60 
255 
96 
-
492 
380 
748 

528 
262 

0.12 

0.51 

0.19 

-
0.98 

0.76 

1.49 

1.06 

0.52 

6,720 

28,560 

10,752 

-
55,104 

42,560 

83,776 

59,136 

29,344 

6,832 

29,120 

10,976 

-

56,443 

43,680 

86,240 

60,480 

30,940 

(b) Seedlings D 

No. in 

sample 

plot 

4,500 

Biomass in 

sample plo t 

(kg) 

28.35 

Seedling 

biomass 

(g m ) 

56.7 

Total B + E = 

E 

Total biomas s 

in stand 

(kg) 

3,175 

319,127 kg 

Total C + F = 

F 

Expected tota l 

biomass afte r 

1 year (kg) 

3,377 

328,093 kg 

Stand Increment (C + F) - (B + E) = 8,966 kg 
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Further calculations 

12 . Continue to fill in the data table as follows: 

- Assume the annual weight increase per tree over 10 
cm db h i s 1 kg. Fo r smaller trees read weigh t 
increases from Fig 4.6. Calculat e the increase in 
timber weight ( G - for growth) for the whole stand 
for the next year. 

- Assuming th e mea n weigh t o f establishe d 
seedlings to  be 3. 6 g, calculat e the tota l 
weight o f seedling s per m .  Calculat e th e 
total weigh t of seedlings in the stand ( R -  for 
recruitment). 

- Assume a  weight increase per seedling of 0. 4 g 
yr .  Calculat e th e biomas s o f seedling s 
(recruitment) i n the whole stan d at the en d o f 
Year 1. 

- Sum th e tota l timbe r weigh t an d seedlin g 
weight at end of Yea r 1 (G + R). 

- Assuming a  3  0% mortalit y (M ) fo r seedling s 
and trees , calculat e the annual increment in 
timber weight as; 

Annual increment (y r l) =  R + G - M 

Management decisions and further calculations 

13. Theoretically, a n amoun t equivalen t to th e annua l 
increment of mangrove biomass could be removed without 
altering stan d integrity . Thi s is essentiall y th e 
Surplus Yiel d Model (Appendi x 6). Th e question is , 
how should this yield be removed ? 

- Compare th e 'surplu s yield ' figur e wit h tha t 
for th e total timbe r weight of trees over 1 0 c m 
dbh. Ho w similar are these figure s ? Coul d the 
yield be taken by removing only the larger trees ? 

- Compare the expected yields for trees over 10 cm dbh 
for eac h specie s o f mangrove . Coul d an y on e 
species supply the surplus yiel d ? 

- In order to sustain seedling recruitment, i t woul d 
be advisabl e to  leave occasional matur e trees i n 
the stand. Reduce the yield o f mature trees by 10% 
to take this into account. 

- Make a  fina l calculation for th e (muc h reduced ) 
amount o f 'surplu s yield ' available fo r annua l 
harvesting from the stand. 

- Calculate th e amoun t o f timbe r whic h coul d b e 
harvested; 
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(a) monthly 
(b) weekly 

- Calculate th e are a o f th e stan d tha t mus t b e 
cleared to supply th e timber; 

(a) each month 
(b) each week. 

14. Refer t o th e data sheet giving local marke t price s 
for mangrov e timber. Calculat e the market value o f 
the following:-

(a) total stand timber crop 
(b) annual (surplu s yield) crop 
(c) monthly harvest quota 
(d) weekly harvest quota 

15. Discuss th e socioeconomi c implication s o f thes e 
different yields . Wha t number of person s would b e 
required t o cut timber in these various ways and what 
income coul d each expect ? Pa y special attention to 
manpower requirement s and income for cutting the most 
restricted amount on a weekly basis. 

Note: You r calculatio n ha s probabl y show n tha t 
regulation o f mangrov e cutting to  'surplu s yield ' 
amounts severely limits its direct economic value, and 
employment generation prospects. Ther e are those who 
would argue that, wit h such low economic returns, i t 
would b e bette r not to cut, bu t preserv e mangrov e 
stands fo r their wildlife and fisheries values. Thi s 
is probabl y tru e for clear felling a s thi s cause s 
reduction i n fores t cover, frequentl y leadin g t o 
adverse alteratio n of swamp sediments and productio n 
rates. Thes e changes can be avoided to a large extent 
if matur e tree s are left at regular interval s (th e 
shelterwood syste m i n forestry practice); whic h a s 
mentioned abov e also  aids seedling recruitmen t an d 
juvenile growth. 

Selective removal of large trees can be beneficial to 
stand productivity , a s i t give s opportunit y fo r 
increased growt h by young trees. I t can improve th e 
economic valu e o f th e stan d also , i f th e les s 
desirable specie s are removed to encourage growth o f 
the better timber or charcoal species (e.g . Rhizophora 
in the Caribbean islands) . 

Planning for OSY 

16. Finally, pla n th e harvestin g strateg y fo r thi s 
mangrove stand. 
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mangrove stand. 

- Formulate a scheme for regular cutting of trees of a 
particular db h that will ensure sustainable timbe r 
yield. 

- Determine manpower needs for 

(a) cutting timber 
(b) marketing timber 
(c) replanting seedlings 
(d) husbanding young trees and cleaning the stand 

17. Prepare draft regulations for management of the stand. 

This exercis e was designed to expose trainees to th e 
principles an d implications of yield estimation, an d 
for simplicit y use d a  "natural " mangrov e stand . 
However, there are few cases in tropical islands where 
mangroves ar e in their natural state and are not used 
by somebody . I f managemen t option s ar e t o b e 
determined i n th e real-life situation , ther e mus t 
first be an assessment of current resource use and its 
rationale. Socio-cultural , economic , an d 
institutional component s o f this rationale mus t b e 
understood before realistic options can be considered. 
Determining OS Y (fo r mangrove timber for example) may 
be a theoretical starting point, but just as important 
are overall questions, suc h as who uses the mangrov e 
and for what? Wha t are the current rates of each type 
of us e and how do they relate to one another ?  Ar e 
there compatible or competative uses ? Whic h uses or 
combination o f uses produce the greatest net benefit, 
and i s timber harvest one of them? I f so, ar e th e 
current harves t rates above or below the theoretica l 
OSY (fo r timber)? I f above, wha t alternatives ar e 
there t o continuing harvesting at current levels an d 
what incentives might be used? Whic h user groups can 
best affor d t o reduc e harves t rates ? Give n th e 
institutional set-u p and user groups involved , wha t 
management measure s migh t b e mos t effectiv e i n 
achieving the target harvest levels? Student s should 
keep i n min d th e managemen t plannin g concept s 
generated i n Chapte r 3  whil e considerin g th e 
implications of OSY assessments. 

Alternative Exercises 

Yield estimation may be conducted on virtually any coastal 
resource, provided either that catch data are available or 
it i s accessibl e for research purposes . Basicall y on e 
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wishes to know: 

- How much of the resource is there, per unit area ? 
- How much can be taken annually ? 
- What harvest technique should be used ? 
- How ca n requirement s o f th e use r group s b e 

accommodated ? 
- What regulator y and enforcement measures are needed to 

ensure sustainable yield ? 

Suitable field oriented study examples are as follows: 

(a) Yield of oysters from mangrove roots. 
Estimate stoc k b y countin g numbers of oyster s pe r 
linear metre of channel margin, or per root and number 
of root s pe r linear metre. Obtai n growt h rat e t o 
market siz e fo r th e species . Assum e year-roun d 
spawning i n mos t tropica l oyste r species , givin g 
continuous recruitment. 

Yield calculate d for whole mangrov e area , assumin g 
harvest metho d is removal of individual oysters . I f 
harvest involve s cutting of whole roots, recruitmen t 
rate calculation s mus t involv e growt h rate s o f 
mangrove root s (se e for example, Gil l &  Tomlinson , 
1977). Continuou s spawning means that closed seasons 
for regulation of stocks have little meaning. A better 
regulatory mechanis m migh t b e rotationa l 
harvesting from the margin s of differen t channels of 
the swamp in successive years. 

(b) Yield of brackish water crabs 
Several species of large crabs are collected i n swamps 
and estuarine environments, particularl y on the drier 
marginal areas, suc h as Cardisoma quanhumi and Ucides 
cordatus i n many Caribbean islands. Crab s are caught 
in or at their burrows using hooks or traps. 

Stock assessment is made by counting burrows per uni t 
area, catchin g crab s an d calculatin g %  burrow s 
occupied b y market-size d crabs . Growt h rate s ar e 
obtained from the literature; recruitmen t is assume d 
to be continuous. 

(c) Yields of marine conch 
Several specie s o f larg e marin e gastropod s ar e 
harvested for food (e.g . Strombu s qigas) or the shell 
trade (e.g . Charoni a varieqata). I n coastal areas of 
the Caribbea n conc h are found in seagrass bed s an d 
shallow lagoonal environments. 

Stock assessmen t is made by snorkel or SCUBA surveys, 
estimating numbe r see n either per unit area o r pe r 
time period . Growt h rates , spawnin g seaso n an d 
recruitment rate s are obtained from th e literature , 
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Most conc h ar e easil y tagged, s o that stoc k siz e 
observational estimates can be cross- checked by mar k 
- release - recapture techniques. 

For a  -  c above , a n estimate o f curren t fishin g 
pressure (fishin g mortality ) shoul d b e obtaine d 
before calculating potential yield. 

Further Reading: 

Clark, J.R . 1983 . Coastal Ecosystem Management, Krieger 
Publishing Co. Inc. , Florida, USA ; 940 pages. 

Cushing, D . H . 1981 . Fisherie s Biology; a  Study i n 
Population Dynamics. Universit y o f Wisconsi n 
Press; 295 pages. 

Dammann, A.E . 1986 . Assessmen t of fish and shellfis h 
stocks produced in the Biosphere Reserve. Virgin 
Islands Resourc e Managemen t Cooperative , 
Biosphere Researc h Report No. 10, 30 pages. 

Hamilton, L.S. &  Snedaker , S.C . 1984 . Handboo k o f 
Mangrove Are a Management . East-Wes t Center , 
Hawaii, IUC N &  UNESCO , 123 pages. 

Lugo, A.E . & Snedaker, S.C. 1974 . Ecolog y of Mangroves. 
Annual Review of Ecology and Systematics, 5 ; 39 
- 54. 

Odum, W.E . 1976 . Ecological Guidelines fo r Tropical 
Coastal Development . IUC N Publication s Ne w 
Series, No. 42 ; 60 pages. 

Pauly, D. 1980 . A  selection of simple methods for the 
assessment o f tropica l fis h stocks . FAQ 
Fisheries Circular. No. 729; 54 pages. 

USDC 1987 . Caribbea n Marine Resources, Opportunities 
for Economi c Developmen t and Management . U S 
Department o f Commerce, Washington , D.C. ; 9 1 
pages. 

Walsh, G.E. 1977 . Exploitatio n o f mangal , pages 347 -
362 i n Chapman , V.J . (Ed ) We t Coasta l 
Ecosystems, Elsevie r Publishing Co., Amsterdam; 
428 pages. 

* *  * 
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Exercise 4.4 PLANNING THE RECOVERY OF DAMAGED COASTA L 
ECOSYSTEM RESOURCE S 

Background: 

Tropical coasta l ecosystems are subjected to varie d an d 
often sever e huma n impacts . Overexploitatio n o f 
extractable product s ca n lead to damage or even loss o f 
resources, a s ha s happened with many populations of se a 
turtles (Hopkin s &  Richardson , 1984) , an d manatee s 
(Bertram, 1974 ) . Intens e fishing pressure on reef fishes 
can upset the ecological balance leading to deterioratio n 
of ree f buildin g cora l populations (Munr o &  Williams , 
1985) an d loss of protective reef structures . Althoug h 
their importance to coastal stability and productivity i s 
widely acknowledged (Hamilto n & Snedaker, 1984), mangroves 
have bee n cleare d extensively to make room fo r coasta l 
development an d agricultur e (Hudson , 1983 ) . Dredgin g 
activity i n th e coast zone is implicated i n the loss o f 
coral reefs (Grigg , 1970 ) ,  whil e coastal pollution and 
eutrophication hav e done considerable damage to seagras s 
beds (Thorhau g et al, 1985) , wit h their attendant fis h 
nursery and sediment stabilising properties. 

As mentioned i n the discussion on status assessments (se e 
Ex. 4.1) , coastal managers in almost every tropical islan d 
will b e face d wit h stressed , damage d o r severel y 
diminished natural resources. A  very important management 
option, therefore , i s th e recovery of such resources to 
the conditio n wher e controlled utilizatio n coul d tak e 
place onc e more. Clea r decisions must be made concerning 
the rational e fo r attempting resource recovery an d th e 
objective o f a  recovery plan. Afte r thi s severa l ke y 
factors mus t be investigated before deciding how recovery 
will b e achieved , an d the tim e perio d involved . Th e 
recovery pla n mus t be placed in an appropriate economi c 
and socia l contex t in all phases of th e planning . A 
recent, ongoin g recover y plan can be used to illustrate 
these points: 

Case study : Th e U.S . Se a Turtl e Recover y Pla n 
(After Hopkins & Richardson, 1984 ) 

a. Rational e 

The followin g six species of sea turtle occur in coasta l 
regions of the southern U.S.A. an d associated states and, 
under th e Endangere d Species Act 1973, ar e liste d an d 
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considered to have the following status: 

1. Loggerhea d -  Caretta caretta T 
2. Gree n turtle -  Chelonia midas T 
3. Kemp' s Ridley -  Lepidochelys kempi E 
4. Oliv e Ridley -  L. olivacea T 
5. Hawksbil l -  Eretmochelys imbricata E 
6. Leatherbac k -  Dermochelys coriacea E 

E = Endangered species - a species in danger of extinction 
throughout all or a significant portion of its range. 

T = Threatened specie s -  a specie s likel y t o becom e 
endangered i n the forseeable future. 

b. Objective s 

i -  The survival and eventual recovery of listed species 
or populations, so that they may be removed from the 
endangered or threatened list. 

ii -  The conservation of sea turtle habitat as an aid t o 
recovery of the species. 

iii - The protection of the species after delisting. 

c. Th e recovery procedure (fo r each species) 

c.1 Collectio n of baseline data on population status. 
c.2 Identificatio n o f th e causes of decline in th e 

stocks. 

Five factors identified: 

i. Destructio n and modification of habitat 
- Pollutants fro m industria l an d residentia l 
development 

- Exploratory oil and gas drilling 
- Disposal of garbage at sea 
- Dredge and fill operators 
- Power boats 

ii. Overutilizatio n for commercial purposes 
iii. Inadequat e regulatory mechanisms 
iv. Diseas e and/or predation 
v. Incidenta l catch 

c.3 Designin g appropriat e researc h for describin g 
desired populatio n number s an d habita t 
characteristics. 

c.4 Developin g management recommendations. 

i. Reductio n of turtle mortality on land 
- Protection of nests in situ 
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- Predator reduction 
- Increased law enforcement 

ii. Reductio n of turtle mortality at sea 
- Prevention of incidental catch (e.g. by shrimp 
trawlers) 

- Increased law enforcement 
iii. Enhancemen t of production from nesting beaches 

- Rearing eggs in hatcheries 
- Headstarting (keepin g youn g turtle s i n 
captivity unti l larg e enoug h t o hav e a 
better chance of survival when released) 

c.5 Monitorin g populations. 

c.6 Assessin g succes s o r failur e o f managemen t 
techniques applied. 

c.7 Recommendin g changes in management strategy. 

c.8 Updatin g th e pla n as new informatio n become s 
available. 

The U.S. Se a Turtle Recovery Plan is based on the biology 
of th e targe t species, bu t one obvious weakness is it s 
lack o f attentio n to the socioeconomic aspect s o f se a 
turtle utilization , othe r tha n recommendin g improve d 
enforcement o f regulation s banning such use . I n smal l 
tropical island s where dependency on coastal resources is 
likely to be greater at subsistence level, a recovery plan 
would need to take cognisance of these aspects. 

The exercise which follows considers the basic biology o f 
another damage d resource, bu t stresses cost factors an d 
suggests opportunitie s for community participation in the 
recovery process. 

Aim: 

To prepar e a  plan for the recovery of damage d seagras s 
beds. 

Duration: 

1 day (6 hours) 

Suitable Location: 

Laboratory/drawing offic e exercise using an hypothetica l 
case-study. This should be supported by field observations 
in simila r environments where students are no t familia r 
with seagrass beds. 
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Materials Provided: 

(a) An Executiv e Summar y fro m a  consultant ,s repor t 
(page 220). 

(b) The following accompanying maps and data tables: 

Fig. 4.7 Physica l features of Green Turtle Bay. 
Fig. 4.8 a . Moorin g sites (Nov . 1986) 

b. Exten t of seagrass beds 1985-198 7 
Table 4.8 Fisher y Catch Statistics, Gree n Turtle Bay 

1983 -1987 
Table 4.9 Visito r boat moorings 1983 -1987 

(c) Summary o f seagrass replanting methodology (Appendi x 
7). 

Instructions: 

1. Stud y th e Executive Summary taken from a report by a 
consultant ecologis t under Government Contract BWI -
19A/1987. 

2. Stud y th e accompanying maps and data tables; Figure s 
4.7 - 4.8 and Tables 4.8 - 4.9. 

3. Discus s the issue and decide on the following:-

What is the nature of the problem ? 
What is the extent of the problem ? 
What is the cause (o r causes) of the problem ? 

4. Yo u ar e face d with two options, a s manager of thi s 
coastal area, eithe r ignore the problem or attempt to 
correct it. 

What are the likely economi c and socia l costs of 
ignoring th e proble m ? Attemp t t o expres s 
these at today's currency value an d identify who 
will bear these costs. 
Make a  lis t of all actions necessary to correc t 
the problem. 
This should be subdivided as follows:-

(a) Reductio n of impacts by fishing industry. 
(b) Reductio n of impacts by yachting interests. 
(c) Reductio n of impacts from other sources. 
(Remember tha t fishin g an d yachtin g mak e 
significant contribution s to the economy, s o you 
wish t o sustain these activities in Green Turtl e 
Bay while controlling adverse impacts.) 
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FIGURE 4. 7 PHYSICA L FEATURE S -  GREE N TURTL E BA Y 
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FIGURE 4. 8 GREE N TURTL E BA Y -  BOAT S MOORE D DURIN G TW O DAY S 

AIR SURVEY(to p le f t ) . AN D SEAGRAS S DISTRIBUTIO N 

1985 T O 198 7 
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Table 4.8 Catc h statistics: Gree n Turtle Bay, 1983 -1987 

Year 

No. Active fishermen 
by method of catch 

Seine Trawl Line Spear 
gun : 

: Fis h 

Annual catch kg : 

Shrimp Conc h Tota l 

Approx 
: Total 
: income 
: US $ 

1983 

1984 

1985 

1986 

1987 

15 

12 

6 

4 

5 

0 

0 

12 

17 

10 

8 

9 

6 

4 

15 

4 s 

5 : 

6 

3 

2 

86,000 

: 92,05 0 

: 104,500 

: 72,22 4 

: 8,16 0 

5,660 

6,480 

84,600 

12,026 

2,320 

8,424 

7,860 

8,800 

6,320 

162 

100,088 

106,390 

197,900 

90,570 

10,642 

• 

• 

• • 

• • 

• 

128,34 

137,99 

419,20 

131,97 

17,79 

Source: Western Region Fisheries Center, Annual Report 1987. 

Table 4.9 Visito r boat moorings: Gree n Turtle Bay, 1983 - 1987. 

Year 

1983 

1984 

1985 

1986 

1987 

Source: 

Annual 

Treasure 

82 

78 

410 

482 

960 

National 

boat moorings 

Captain's 
Table 

21 

22 

141 

152 

740 

(all foreign 

West Wind 
Inn 

6 

82 

185 

322 

820 

craft) 

Total 

109 

182 

736 

956 

2,520 

Report, 

Mooring fees 
US$ 

216 

364 

3,680 

9,560 

70,600 

December 1987. Source: National Yachting Association, Annual Report, December 1987. 
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Put a dolla r cos t on the actions suggested, an d 
compare this with possible losses estimated above. 
Your calculation s shoul d includ e cost s o f 
materials and labour, as appropriate. 
Plan a chronogram for mitigation activity, i.e . a 
timetable for the corrective actions listed above. 

5. Once plan s are finalised for removing adverse impacts 
on the seagrass beds, prepar e a plan for recovery o f 
damaged areas of seagrass. You have two options, viz., 
(a) rel y o n natural recovery and spread of seagras s 
which may take several years, o r (b ) assist recover y 
by replanting. 

Examine figur e 4. 8 an d asses s th e technica l 
feasibility of replantin g all damaged areas in 
Green Turtle Bay. Stud y some of th e scientific 
literature relating to seagrass replanting in your 
region and note that some authors, such as Fonseca 
1987, conside r tha t replanting schemes have a 
low chance of success. 
Estimate how man y transplant s yo u will need and 
the cost of obtaining these (refe r to Appendix 7). 

Transplants can b e remove d from areas of healthy 
seagrass, takin g car e not to uproo t or denud e 
too muc h of thes e areas. Selec t areas likely to 
be a source of plants for transplanting. 

Estimate th e cos t o f other material s use d i n 
replanting. 

Estimate manpowe r need s an d labou r cost s t o 
complete replanting in 2 - 3 months. 

6. Dra w up a budget for the total costs of adverse impact 
mitigation and seagrass bed recovery. 

Compare wit h socioeconomi c cost s o f ignorin g th e 
problem, notin g wh o wil l bea r thes e costs , an d 
decide on the most appropriate management options. 

7. I f yo u decid e o n the option o f takin g correctiv e 
action, pla n a  resource recovery strategy for Gree n 
Turtle Bay. 

8. Th e succes s o f your recovery strateg y wil l depen d 
heavily o n cooperatio n from the fishing community 
and yachting interests; hopefully , it will be seen 
as a benefit to both, plu s local recreationer s in 
the long-term . Ther e ar e advantages , therefore , 
in "communit y participation " i n th e seagras s 
restoration project . 
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List ways in which the community can assist, e.g . 
collecting transplants ; preparin g sprig s fo r 
planting out. 
Calculate cos t saving s a t al l level s o f th e 
project throug h th e use of voluntary labou r o r 
other forms of local assistance. 
Budget fundin g an d time for creatin g communit y 
awareness of the restoration project. 

Supporting Document 

Executive Summary : Repor t o n th e Destructio n o f 
Seagrass Beds in Green Turtle Bay. 

1. Factor s leadin g to  deterioration of wate r clarity , 
increased accumulation of weed on beaches, and reduced 
fishing yields in Green Turtle Bay, wer e investigate d 
over the three month period March through May, 1987. 

2. Al l huma n activitie s dependen t o n th e ba y wer e 
documented. Thre e mai n categories of activit y wer e 
observed: fishing,  yachtin g an d recreational beac h 
use. 

3. Fishin g wa s conducte d fro m th e fishin g depo t a t 
Manchineel (Figur e 4.7). Ther e were 32 fishermen i n 
full-time employment , showin g preference s fo r 
different gear . Fisherme n al l confirme d seriou s 
reduction i n catch rates since 1985, especiall y fo r 
fin fis h wit h turtles (Cheloni a mydas ) an d conc h 
(Strombus spp.) rarely obtained nowadays (Tabl e 4.7). 

4. Previou s productive fishing areas had been largely i n 
the easter n and south eastern sections of the bay. 

5. Thre e baysid e hotels had become popular with foreig n 
yachtsmen i n recent years. Sai l and motorised craf t 
anchor i n th e bay near to Treasure Beach , Captain s 
Table an d Wes t Win d In n while patron s enjo y th e 
facilities (Figure s 4. 7 &  4.8) . Record s o f th e 
National Yachtin g Association show an ove r 2,000 % 
increase i n smal l craft stopovers in the last fiv e 
years; an d collectio n o f mooring fees no w exceed s 
US$70,000 per annum (Tabl e 4.8). 

6. Gree n Turtle Bay is rarely used by local boats. 

7. Th e Carlisle Bay beach is used by loca l familie s for 
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recreation, largely at weekends. The maximum number of 
persons on the beach at any one time during the survey 
was 106. 

8. Resident s an d recreationers confirm that Carlisle Bay 
has bee n fouled by weed much more than usua l durin g 
late 1986 and early 1987. Collection s of weed made at 
weekly interval s throughou t th e surve y wer e 86 % 
Thalassia, 10% algae and 4% Syrinqodium. 

9. Deterioratio n i n water quality was confirmed using a 
Secchi disc. The disc was visible only to the depth of 
1.0 m  at any point in the south eastern half o f th e 
bay, an d onl y durin g calm weather. A t mos t time s 
visibility wa s less than 0.5 m. Visibility for divers 
underwater i n this sector was rarely greater than 1. 0 
m. -  Pilkington & Haynes mapped seagrass distribution 
in 198 5 alon g transect s while snorkelling a t th e 
surface, indicating that visibilit y was much greater 
at that time. 

One hotelier reported decreasing use of the sea by 
guests fo r bathing, an d frequent complaint s o f 
poor water quality. 

10. The floor of the entire bay was surveyed by a team o f 
biologists and experienced SCUBA divers, usin g a grid 
of parallel transects marked at 2 m intervals. Botto m 
substrate typ e an d plan t community composition wa s 
mapped fo r the area 1  m wid e o n eac h side of th e 
line. 

11. The seagrass, Thalassi a testudinum, wa s the dominant 
marine plant. Fleshy algae were the next most abundant 
group. 

12. The distributio n of seagrass was compared wit h map s 
produced in a previou s study in 1985 by Pilkington 
& Hayne s (Figur e 4.8) . I t was found tha t a  48 % 
reduction ha d occurre d i n th e are a covere d b y 
seagrasses since 1985. 

13. Detailed observation s ove r a  thre e mont h perio d 
indicate tha t seagrass beds are being damaged by tw o 
principal activities: 

(a) use of otter trawls by fishermen damages seagras s 
blades and disturb s sediment. 

(b) boats pullin g u p anchors , an d occasionall y 
dragging anchors, uproot seagrasses. 

14. These causes of damage are quantified and (b ) is shown 
to cause greatest mortality to the plants. 

15. It i s recommende d tha t the use of otter trawl s b e 
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banned with immediate effect. 

It i s recommended that adequate moorin g facilitie s 
be provide d fo r small craft and tha t yachtin g 
regulations b e formulate d t o discourag e botto m 
anchoring in Green Turtle Bay. 

(Note: Figur e an d Tabl e number s refe r t o th e 
preceeding exercise, not to those used in the original 
consultant's report) 

End of Summary 

Alternative Exercises 

Actual recover y o f damage d biologica l resource s o r 
ecosystems i s normall y a lengthy process, s o tha t fo r 
training course purposes it may not be possible. However , 
with prior planning and laboratory support the feasibility 
and som e of the problems associated with recovery can b e 
demonstrated, as follows: 

1. Surviva l of Seaqrass Transplants 

Three t o fou r permanen t plot s 5  x  5  m  ca n b e 
established and marked with lines or blocks. Seagras s 
plugs, sprig s o r seed s ca n b e planted , usin g 
techniques of Appendi x 7. Thi s will require at least 
one day' s work . Th e plots should b e inspecte d a t 
intervals o f one week to monitor replanting success , 
for a s many weeks as possible. Th e following can b e 
measured (1 ) Amount of growth, (2 ) relative growth of 
plugs, sprig s an d seeds, (3 ) % mortality or loss of 
transplants. 

2. Effect s o n a  dono r be d o f removin g seaqras s 
transplants 

Transplant plug s should be removed from a dono r be d 
according t o a regular grid pattern. Th e site can be 
revisited at intervals to study (1) if removal has led 
to erosion of the bed, o r (2) the rate of filling u p 
of patches from which seagrasses were removed. 
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3. Reseedin g an overexploited conch population 

Juvenile conc h ca n b e reared in the laborator y i n 
advance, o r collecte d from areas of high populatio n 
density. They can be released into a marked section of 
the deplete d are a (provided tha t suitabl e habita t 
conditions are present, accordin g to the literature). 
For thi s exercise , th e site should be revisited a t 
intervals of two to three days to study (1) dispersa l 
of th e released stock and (2) % loss (assumed natural 
mortality). 

Further Reading: 

Bacon, P.R. , Berry , F.D. , Bjorndal , K . e t al. (Eds). 
1984. Proceeding s o f th e Wester n Atlanti c 
Turtle Symposium, Sa n Jose , Cost a Rica, Jul y 
1983, Cente r fo r Environmenta l Education , 
Washington, D.C.;1138 pages. 

FIU 1984 . Seaqras s Restoratio n i n Caribbea n 
Nearshore Areas . Florid a Internationa l 
University an d th e United States Agenc y fo r 
International Development; 70 pages. 

Lewis, R.R . 1982 . Creatio n and Restoration of Coastal 
Plant Communities. CR C Press, Inc. , Florida; 
219 pages. 
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