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FOREWORD t 

For many years the International Union for Conservation

of Nature and Natural Resources 
(IUCN) has been engaged in
activities directed toward the formulation of ecological

concepts, principles and gujdel ines appropriate to economic

development. Studies h-ve Ic urpolen ed and! workshops
have been hold in vnrun a roan of the world. The results
of these act ivities 1n n 1 
pub]icat-jons includling in r ofE;co¢'lo,-ic'] Prin,-iplo] fos r Fc,_,no~mic
 
Develo,.n- Lnt 1v R.F. , J.P. filnnd P.I [I- n

(John i ]ey, 1973) , 
 -inl TsorI- i( s r lradDcveloz-(nt lv F. To e '-'id J. . U.. " 

e 01. i~~lC' uiF \1 in
7?hi7c i 'i ic ITruTc( 1975) 
the
 

1 
The Use of Ecological

aicel ines o-DrDc t (n0iLin - 5) ;i -(,Fet oAcos of

Sou th ast_:_a 
(IUCN, 1975) and Jlcologica Guiu cI ines
for 
 tru a
Uhs1c t., c-' urces in The dicd-e as t and
 
Sout .h (_S(a, 1976) .
 V.est 


This prc r,*:n'. h ,: n rd out in cla;ne
col laboration with an:.; 
 of . genc 1_'s -nci d The
Conservation 
 TusdtonIs1 o 'e-our-ces Foiindcati on,
World ;ild, ie Fur(l rd the Un_ ens Fa-)eor:nont

the 

rogra . hs s -- hy,-edr.n 
 funs from the Swedish
International Dexelon-. a Authority, Unesco, the Uni tedNations Envirc-n.mn.r,t T!rc-- , e -d the Wor I I I (I Ij Cfe Fund. 

The anl-ication of ,rgc-]. i1 
of 

nc ipies to the process 
-. -n iIS t An 

re-l ions 7-..ev-_, ecolog cal 
economic d.volo:,r)l f ofof i' i , ,.1-ec -III ecological

T-ee is ose, which ',s. i ffered
creoit or '-,''e ,-o failure to arecotnis ths pn icipie than
the 'o :.:al of w-orld's continents an islands.:;.:.:1e the 
Particuar.1 in the- i -dustrializedcoljntrie- of the northern 
hc,,;: ".ore, C sta1 zone C ove] .rmenti has gone i ..-. inard the
past without considrnation of the effects on ('coli gical

proccsses. As a result there have been seVe re problems of
marine pollution, an ifpa~nrment of the biological productivity
of coastal End other marine enrvironments, a depletion offisheries, and a growing amount of damage to coastal
installations which developedwere at great cost. 



Recognition of this situation caused the International
 
Union for Conservation of Nature and Natural -Resources to 
devote particular effort to call. attention of development 
agencies and decision-mmakers to those ecological principles 

which ccnnot safev be !gnored, particul:jrly in the tropical 
world where dvo .':,-,nt has riot yet pioc:] past a point 

of no return, itCN has !ho,:n fort unate in obtaining the 

servicus of Pro-or WF]]iam K. Odum of the University of 
Virginia who h:- ng ,crerce with the ecology of 

coastal zones and the ffects of developiment. His report, 
presented here, is a welcome addition to the IUCN 
publication series. 



CONTENTS
 

Page
 

I. INTRODUCTION.. 	 ..... . . . .. 7
 

II. ECOLOGY, ECOSYSTEMS AND ENVIRONMENTAL MANAGEMENT 8
 

Selection of a management-sized ecosystem 10
 

III. 	ESSENTIAL ECOSYSTEM PRINCIPLES FOR COASTAL
 

MANAGEMENT ...... .................. 11
 

A. Biological productivity and energy flow . 11
 

B. Limiting factors ..... ............... . 12
 

C. Carrying capacity .... .............. 13
 

D. Subsidized and unsubsidized ecosystems .... 14
 

E. Ecosystem development (succession) ....... . 17
 

F. 	Physical versus biological control of the
 
ecosystem ...... ................. 19
 

G. Biogeochemical cycles .... .............. 20
 

H. The ecotone and edge effects .. ........ . 22
 

IV. 	 MANAGEMENT GUIDELINES BASED ON ECOLOGICAL
 
PRINCIPLES ...... .................. 27
 

A. 	 Protection and wise utilization of valuable
 
ecosystems ...... ................. .. 27
 

B. 	Prevention of adverse alterations of air and
 
water quality ..... ............... . 30
 

C. Physical factors to be considered ...... .. 31
 

D. 	Manipulations which may be ecologically
 
beneficial ..... ................. . 33
 



Page 

V. 	 MANAGEMENT EXAMPLES FOR SPECIFIC TROPYCAL
 
COASTAL ECOSYSTEMS .... .............. 36
 

A. Mangrove dominated coastlines .. ........ 36
 

B. Open 	beaches and dunes .... ............ 40
 

C. Coral reefs . . ... ............... 42
 

VI. COMPREHENSIVE ECOLOGICAL PLANNING -- WISE USE OF 

THE COASTAL ZONE .... ................ . •49
 

Environmental zoning ..... ............. .. 49
 

Implementation of zoning ....... ....... 50
 

An example ...... .................. 51
 

A final point ..... .............. .. 54
 

VII. WHERE NEXT? RECOMLMENDED READING .. ........ 55
 



I. INTRODUCTION
 

The coastal areas 
of the world are 
in the midst of a
period of eccnomic developmen t of unprecedented proportions.Much of this developient is nccissry and has been accomplished in a satisfactory, we] i planned fashion. Tn otherareas, however, particularly in the heavily i rustriali sednations, great oyxo.anscs of the ccast have been a]tered toextent that anli ttle r(rmbles the ori'.:ina], natural state.Frequently, these extree a] ratns resulting in considerable economic, recrca t i n,], eI( ' andnlog-ical n (:,thbLihave not c oss,heen I oc 2eta ry ,ind co d !,Ive lK, n avthid.d th .oughbett.er undirst;:nding and p1, nning.
 

This short paper was written 
 -. i'h the ,,pe that the ,samemistakes will not be perpetuated as r'conoiiic developmentspre.ads into tropical coastal regions. The peole of Senewly emergin,. arcas have Lh(
a unique opportunity to rcap riotonly the bo-ne rits of economic dievelopment, but also to retain .ecological. ..(......rr.s of .,.t valuer o..e. gr_;r 


To understand 'how naVel o;ent 
 can be made compatible withnatural prceh:ss, is aper has been orgnizee irlce foursections The first lea with" bnasic ecological principles;an understancling of t hese, no matter how superficial, is thebeginning of z iii,-i on of lic'. nature works and how shecan function to -n' advant, ge. In the second sectionguidelines arc pr,.L;e.,n1cd hich are ni:rived primarily fromecojoical principl(s. h ueuidelines are intendedbeginning as apoint for dovelo ,-nt cr vrT>nent considerationsfor sp(_ciT i c st fs. The t id s(ct ion, with three ea.:ap]m,demon.u,0.,-,- eecc:jon~ value of ecological 1w:wethe *_-vel.-or, of s a too. env iror i:ts na<.:oto ol i
the ofotropical ccasts. to miostThe final s(,ection combines informationfrom the prec( ing m.terial ntAo fraetorl of comprehensiveenvironmental a 

planning. Such fn promach a 1lows apparentlyincompatible u!;e to co.'ist on the ,e stretch of coastlinewithout ser iously i.er.. n .i. *. t ,ch Other.
 

The di scu-.u i .ns to fol ]n;.: 
 dcal pri r,,ipally with tropicaland subtropical coasts. For convenience these are definedas lying between 20 0 N and 20°S latitude. Of course,the information presented here 
much of

applies equally well to higher
latitudes.
 



II. ECOLOGY, ECOSYSTEMS AND ENVI?,OR:MENTAL MAiNAGEMENT 

Many fields of science and social science are concerned
 
with the understanding and mnagement of the environment.
 
Central among these is the discipline of ecology. As
 
pointed out by Raymend Dasmann, John Milton and Peter 
Freeman in their Scoloical Principles for Economic Devel
eminent, ecology is neipher an emotional state of mind nor a 
political poi.nt of view. Ecology is a science complete
 
with a la e body of .knowlede, principles to organize the
 
knowledge and a potential .bility to predict future events.
 

Ecology, from the Greek root nirhcs, means literally 
"house" or, :7re accurately, "household". Thus, ecology is
 
the s tudy of "houses and households" or, more lroadly, 
environments and environmental c(:mponents. A modern 
emphasis is to define ecology as the study of the structure
 
and function of nature, with man, of course, an integral
as 

part of nature.
 

Ecologists are concerned, in a ge.neral sense, with
 
studying and understanding nature at four different levels
 
of complexity. The simplest level is that of a single
poiRlatin, in other words, a group of org, nisms, plants or 
animals, all of the Fame species. The second level, more 
complex than the first, is that of the c.,"rnft. which, in 
the ecological sense, inc!"des all of the opulations of a 
given area. The c"nuniny and 'he ',-1 iv\ing enviromnent 
(water, soil, nutrients, etc.) unc jc~n tr cther as an
 
ecological svtem 
ur em Fcoinav, the hi osohere 
is that porti.on of the .arth w'ich is hin.rUically inhabit
able and in which individual eco.msoes oxist. 

For those interp-sted in manipmulation and management of 
the envi:on:.ent, it is con'onjent to choose one of these
 
levels of complexity as a standard unit for orientation and
 
understanding. Considerations of large-scale atmospheric 
pollution require a biosphere level of orientation; certain
 
types of fish and game management are most easily carried out
 
at the popul ation level. In general, however, the biosphere
 
level is too large and compl cx while iomu!a i ons and 
communities are unr-al isti cally simple. This leaves the 
ecosystem as the moot practical resarch and ma nageient unit. 

In a sense, the ecosys tem is an abstract unit, since its 
boundaries are flexible and are defined by the individual 
investigator or manager needs. Theto meet his own only 
limitations are that certain specific components Le picsent 

C' 
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and that they interact in a prescribed manner. This means
 
that very small areas such as a square meter of pasture or 
very large areas such as a 20 km 2 Take may qalify as 
ecosys tems. 

The simplest definition of an ecosystem includes all of 
the animal and plant populations of an area in addition to 
the non-living co>mponents. More specifically, for an area 
to be conside red an ecosys1t:m it must have: (1) olants or 
1"primary produceis" ,hich aro able to manufacture food by 
combining energy from the sun with sim;ple inorganic sub
stances; (2) con-u'vs, chi,,fly ,nimals, which ingest other 
organisms or pai-iculate ,nlic ater; (3) rlocmciosers, 
principally bacteria and fungi , %which opos;e the complex 
compounds of deiad ani-als ,al nts; (4) inorcanic sub
stances (ni trogn, c. nn crus tc.); (5)C.F orcanic 
substances (prot ijns, c, ]b idcs, etc.); and 
(6)-a-c]i-a.to rec.iie (t ;sera Lure and ot<e r physical factors). 

Furthcri-orc, to be a complete cosccystem, the 'rgjanisms 
and their non-living environment miust interact with each 
other in certain ways. FoTr .. mple, nutrienats such as 
phosphorus and nitrogen are cycled back and forth between 
living and non-iliving ccir,..lenrs rgy from 1heio sun is 
fixed in the for-m of p1ant t_r3,ucs, tVen eassed to herbivores 
and finally ra levels of Popu Iat io s:;ac- 1. 1 cirnivoros. of 
animals and . a, s rcc'th sack e,hior Iboba i ]orally 
(symb-iosis), phy-,ically (-r.ding) and chemically (inhibi tory 
substances). At the same tine the physical envircnment and 
climate affect the iniral and plant pooul at.i ons by encour
aging or limiting population growth. 

With these ruu'urc-ments in mind, it should be apparent 
that certain sites qualify as complete e cosyst-ems while 
others do riot. po nd, a sti etch of river, a tract of 
forest or meadol, ccrplete Ona ~l lire ecosystems. the 
other hand, an-------s of oean bottom at 3,000 meters 
depth or the as; :Jblage of inimals inside a cave cannot be 
considered :is c M'l lete I-,o ...toms because they lack plants 
and are dependeat upon fooma',_rials washed or carried in 
from other environments. 

Ecosyst,"ms, although identifiable as relatively complete 
units, are not close.d sy.t . Materials, organisms and 
energy are cycled, move and flow be.tween ecosystems in a 
regular fashion. A stream can be considered a separate 
ecosystem from the forest through which it flows, although 
much of the food enc-rgy for the animals of the stream 
originates from the leaves of the trees in the forest. 
Linkages or connections between ecosystems may be of great 
importance in assessing the iripacts of proprsed alterations 
and deve loiment. 

http:6)-a-c]i-a.to


Selection of a manacement-siqzed ecosvstem
 

As pointed out previous;ly the dimensions of a particular
 
ecosystem are dependent upon the use for which it is defined. 
Take as an example a small pond stocked with fish. For the 
fisheries biologist interestod in naiginq this resource to 
obtain the gic atest annual yield of fish, it may be 
sufficie'nt to limit the defln¢.d ecusyst(em to the pond by 
itself and ignore the beach and vrest I,'cnd. If the 
pond's watershed remains in a pristine, uidcolopud con
dition, understanding the ralati.nship within the pond 
between plants, animals :nd the physical nviro:mcnt may be 
sufficient to n. tand fish production. However, if a 
manufacturing plant or hoFing project is located in the 
watershed, the effects on the p,nd may be of great importance. 
In this case the TA berAes hiclugist will find it necessary 
to consider the pond and its a:tershed as a sing]e functional 
unit. With this ay proach it should he possible to predict 
the consequences to fish production of human activities 
within the watershed. 

In all cases which deai with land-use management, it is 
necessary to dCe incate the management ecosystem according to 
clear, functional boundaries. There are many possible 
boundaries; among the most coimmcnly encountered are: (1) 
edges of watersheds or airsheds; (2) clear physical 
delineations such as the edges of areas affected by strong 
physical forces ('ocdplain hcundaries, the transition line 
from land to water); and (3) distinct veUetation boundaries 
such as the edge h.twen a forest A:nd an .pen grassland. 

In sunmary, an ecological system or ecus-stem consists of 
a functional ass.mb] ge of plants, animals, deco:poser 
organisms, non-living substdnces, a climate ruegime, and, of 
course, man. It has charcterjstic biological and physical 
patterns of organization co:non to all ecosystems. While 
functioning as a complete system, it also has inputs and 
outputs to other ecosystems. All of the users and pro
cessors of materials and energy, nc]uding man, are a part of 
the ecosystem and are responsible to a greater or lesser 
extent for its successful operation. 



III. ESSENTIAL ECOSYSTEM PRINCIPLES FOR 	 COASTAL MANAGEMENT 

The full understanding of how ecosystems function and
how they respond to manipulations from man is 
a complicated
subject. In cases,many explanations are 	 lacking andcomplete understanding is far in the future. There are,however, a series of basic nrincip]l-s which beenhavesatisfactorily elucidated an'd whichbriefly. This is 	
it is useful to mentionnot 	a co:plet-e list nor are the 	explanations exhaustive. The 	 ip.ortant ] m;soi is the beginning ofa realization of the delicate nature of most ecosystems, theease with which they can be disrupted and the 	potential sideeffects which may result. 

A. The concept of biolouical productivity and flowenervy 

Statement: The 	 most important biological process inecosystem is 	 anthe 	photosynthetic conversion of radiant energy
from the sun into stored plant energy. Once energy has
been fixed by plants (primary pr;duction) it can then be
converted to animal flesh by a series -f cons'imoers (second
ary product! on) . 

Eul;::ination: The 	 proce.as of pl:nts converting the sun'senergy i o-i iored energy in the form of organic matter canbe measured by several di. ffeent techniques and can beexpressed in 	 ,.ms of *wight of new organic matter producedper 	unit area por unit time. For instance, it is possible
to measure the primary production of a mangrove forest in
grams of organic matter fied (from C0 2 , sunlight and 12 0)per 	hour per square meter of forest (or in tons per 	hectare 
per 	year).
 

Measurements 
 of this type allow the comparison of theprimary product] Dn of different ecosystems and givepartial indication 	 aof both their ecological value and theirvalue to man. There manyare reasons why one ecosystemproduces more plant tissue than another; these will bediscussed in the section on limiting factors.
 

The conversion of plant tissue 
 to animal tissue isaccomplished by the plant-eating herbivorous animals.Subsequent conversions take place when the herbivores areeaten by carnivores and 	 then, perhaps, these carnivomos arecc.,nsumed by other carnivores. This stop-wise mcvement ofenergy from the sun through plants and various levels of 

1i
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flow and the structure through
animals is called energy 
Each time that energy
which it flows is ralled a foodweb. 

is converted from one form to--a-other, for instance from 

plant tissue to herbivore tissue, a significant portion 
is 

to the ecosystem. This means
dissipated as heat and lost 

or five conversion levels
that: (1) there c-n only be four 


in the foodweb of an ecosystem because all of the 
energy is
 

and (2) the amount of tissue

eventually dissipated as heat; 


each level decreases with increasLng levels of
 produced at 

conversion.
 

A plications: These considerations have important
 
to obtain the greatest
often attempts
implications since man 


Yield refers to the production
yield from an ecosystem. 

which man re:-,oves from the ecosystem. By combining the 

concept of productivity with the characteristics of foodwebs 
man can be
it becomes apparyrt that a grcater yield to 


from the lower conversion levels
obtained by harvesting 

(plants and herbivores).
 

Further, if an ecosystem is to function properly and 
con

generate a significant yield to man, no matter what 


version level he is harvesting from, the basic sources of
 

primary production must be protected. This can either be
 

accomplished by controlled crop proiuction (agriculture)
 
sorts of energy subsidies (fertilizers,which may reguire all 

or the eccsvstem
pesticides, petroleum powered mchin rv) 

can be allowed to function naturally without aid from man.
 

In the latter case the yield will probably be lower, but
 
can be
expensive maintenance and energy subsidy costs 


avoided.
 

B. Limitinq factors 

are present in a
Whether plants and animals
Statement: 
they are success

specific ecosystem and the extent to which 

ful depends upon a complex combination of conditions. Any 
limits

of these conditions which approaches or exceeds the 
referred to as a limitingof tolerance of an organism is 

factor for that organism. Usually, more than one factor
 

to limit or exclude organisms from an ecosystem.combine 

El anati.n: All organisns j,-,ral e within minimal and 

For instance, too much or too
 
maximal toerance limits. 


or e=sential nutrients will
little heat, water, liuht 

Animals are
exclude the growth of plants.
restrict or 


such factors as climate, food
limited in the same way by 
availability and interactions with each other.
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Organisms may have a broad range of tolerance for one
 
factor, but very narrow for another. A species of plant,
 
for example, may be able to grow upon virtually any type of
 
soil regardless of acidity of the soil or nutrient content.
 
This same plant, howaver, may require large quantities of 
sunlight for normal grcwth; as a result it will be limited
 
to open areas where it does not have to compete with taller 
plants for sunlight. 

ApNications: Proper understanding of the principle of 
limiting factrs can kie useful during the planning process. 
First, it explains why some ecosystems have more species 
present than others and why certain areas are biologically
 
more productive than others. Further, knowlegee of the 
natural limiting factors for an area may provide guidelines 
concerning futare dove]ouprient Often the 
major limiti ng factors for an ecosystem such as mineral 
deficiency or lack of rainfall can be altered with fertiliza
tion or irrigation. In other cases this will not prove 
practical. 

Finally, it is important to avoid the common mistake of 
creating new limiting factors during the development process. 
Frequent errors include the generation of new sources of 
pollution, ignoring erosion control, and causing local 
changes in drainage patterns, soil quality, climate con
ditions and water quality.
 

C. Carryinq canacit 

Statement: The concept of carrying capacity is directly
 
related to that of limiting factors; simply stated, it is a
 
measure of the numbers (or weight) of individuals of a given 
species which an ecosystem is capable of supporting.
 

Exolanation: 'Carrying capacity is usually expressed as 
a measu-e of -nsity, as for example, two cattle per hectare. 
This means that a particular ecosystem can support two cattle 
per hectare indefinitely if conditions do not change. 
Another ecosystem may have a much lower carrying capacity for 
cattle due to lower primary productivity caused by in
sufficient rainfall. 

Carrying capacity can be considered at several different 
levels. The subsistence level is often used to denote the 
absolute or maximum-cpacity which an ecosystem can support; 
it is usually characLerized by a large number of individuals, 
low individual growth rates and prevalent disease. At the 
other extreme is the optimum level referring to a number or 
density at which all individuals have an adequate supply of 
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as result, demonstrate
the essentials for existence and, a 


maximum individual growth and general good health.
 

can be
Apolication: The concept of carrying capacity 

applied to almost any situation cattle a ranch, deer-- on 

in a national park or fishes pn;sociated with a coral reef. 

It is important to recognize that it is not a fixed value 

but fluctuates with changes in ,uccc,e.-Aonal stages, changes 

in climate or other limiting factors such as fires and 
doer in a forest might
floods. The carrying capcity for 

be one deer for lo hectares prior to a forest fire, but 

change to one deer for 10 hectares .hoctly after the fire. 

This increase in carrying cpcity is a rosult of the 
doer food which was scarce or absent
increase in succulent 


from the forest but which quickly in\ a(ed the burned area
 

shortly after the fire.
 

For man, carryfng capaacity is an important tool, particu

in the fields of game managument and fisheries. Withlarly 

carrying capacity it is possible
accurate esti- ates of to
 

population size and exploitation
carefully regulate both 

obtain the greatest possible yield. In
intensity so as to 


Hcer instance, optimalsituations where are managed, for the 

a tract of land is dutermined first and
carrying capacity for 

then game regulations are established to maintain that
 

density of animals.
 

D. Subsidized and unsubsidized ecosystes
 

Statement: Ecosystems receive energy either directly
 
the form of some sort of stored solar
from the sun or in 


energy (fuel). Although both are likely to be used in most
 

scarce usuplly predominates; this allows
ecosystems, one 

and fuelthe classification of eccsystms into solar powered 

to thepowered categories basei on t'e major enu-gy input 

biological cc:'mrnity.
 

Exl nation: Energy is, as already pointed out,
 
all ecosystems. The sources
essentUal-or-the operation of 


a groat extent the
and quantities of energy determine to 

types and numers of organisms which will be present and how 

Dirct Polar energythey will interact with each other. 

arnrgy, which supports
provides a dilute but steady source of 


efficient assemblage of
 a relatively low density but 


organisms in ecosystems such as the open ocean. At the
 

other extreme, fuel-pcwored ecosystams depend upon potent,
 
sources. This allows
highly conce.trated fuels as energy 


high densities of organisms, but at great
the developrent of 

ecologi cal and economic cost.
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E.P. Odum (1975) had identified and discussed four basic 
types of ecosystems based upon sources and levels of energy. 

I 

(1) Unsubsidized natural so] ar-powered ecosystems-

These are systems such as the open ocean or 
certain larce foirests which function lartoely 
or entirely on the direct rays of the sun. 
They are uisubsidi ed or, in oth(.: words, there 
are no imuort-int alternate sources 9 f energy 
to enhance or ;ppl*-,ent solar rcid tion. 
These ecosys.tams cenerally h: .ve a low pro
ductivity pe: uniLt area because of the 
inefficiency of plints in cunverting solar 
energy (about rune percent) . Hoever, 
because of their huge extent and their 
absolute non-e-pendence upon man, they can 
be regarded as the basic life--support system 
for the earth. They purify the air, recycle 
water, control climates, nodify the weather 
and produce a portion of man's food and fiber. 

(2) Naturally subsi djzed ecosvtems -

Included in this category ;are ecosystems such 
as estuaries, coral reefs and certain rain
forests which utilize direct solar eneray, but 
also receive natural energy subsidies in the 
fo.m of tides, flowing water and steady rainfall. 
In an estuary, where fresh c-nd salt water mix, 
the back and forth tidal flow of water performs 
much of the nece-sos.ry work of recycling nutrients 
and transporting foods and wastes. This allows 
the estuarine plants to utilize solar energy 
more efficiently. In a similar fashion ocean 
currents flow:ing over a coral ree, reduce
maintenance costs by removing wastes and 

importing food. Excess rainfall alo-..:s the 
plants in 4-ainforestdevote less energya to 
to the prevention of desiccation and concentrate 
upon maximum rates of photosynthesis (primary 
production). 

As a conseouence of these natural energy
 
subsidies, the recipient ecosystems are
 
extremely productive. Estuaries, coral reefs
 
and rainforests, therefore, function as
 
important life support systems and provide
 
large quantities of food and fibers, all at
 
no direct economic cost to man.
 

http:nece-sos.ry


(3) Man-subsidized so]-3- ec, teros -

Agriculture, forestry and aquaculture are
 
examples of this category of ecosystem.
 
Unnaturally high yields of food and fiber are 
maintained by ]aige inputs of fuel (or human 
and animal lor) in the form of cultivation, 
irrigation, fertti i'at ion, ,:netic selection and 
pest control. In ot:.r words, artificial energy 

subsidies are ut ili zed t a enh. nce or cxtend 
ecosystem prcucMA i t y and ovw:ucome ,A ural 
limiting fdctors. It is important to recognize 

that most of man's recfnit spo.-.c tcular advances in 

crop production such .smiracle rice, wheat and 

the so cal led "gy ,n revolution", are do," to 
partial subsidivation from other energy s orces 

such as coal nd peroleum prducts which make 

possible large scale irrigation, cultivation and 

use of fertilizers, pesticides and planticides.
 

If for any reason these subsidies should be 
terminated, this type of ecosystem will not 

function normally and cannot be expected to 

produce much of value.
 

(4) Cities . tens 

he as 1nccnmplete ecosystems 

dependent upon large quantities of food and fuel 
imported from outside the system. These 
imported fuels completely replace, rather than 
supplement, the energy of the sun. As cities 
are now managed, solar .nergy is, to a great 
exteAt, a nuisance which may generate excess 
heat and smog. EopefuIly, in the future solar 

energy can be util ized to supplment or even 
replace imported fuel in cities. 

Cities c.n -ej.ed 


Apolications: Fuel su:.plemented and totally fuel

powered syst ms require enormous amounts of imported materials
 
and fuels. These come from surrounding solar-powered
 
ecosystems and from limited energy reserves beneath the
 
earth's surface. This means that for every square kilometer
 

of fuel-pow..red ecosystem many square kilometers of self
act
sustaining solar-powered eccsystems must be available to 

in a life-support capacity. It is no accident that most of 

the world's great industrial cities are located on sea coasts, 
large estuaries, rivers or lakes -- all of which have a croat 
capacity to provide waste assimilation, cheap transportation,
 
food and recreation.
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These considerations are of critical importance for
 
tropical coastal areas, both at the local level and for
 
entire nations. At the local level it is imperative to 
plan development so that cities and heavily subsidized 
agricultural ecosy.st, s are balnced wth extensive areas of 
minimally developed, naturally productive, sol ar-powered
life-support regions. At the nat icnal level this principle 
is even more essontial. If heavily subsidized ecosystems 
dominate a country and natural areas cnnot satisfy fuel and 
material needs, it aill be for~ed into a continual cycle of 
importation from other countries which in turn will create 
an unbalanced economic situation. 

E. Ecosystm develo:ent- (successijon) 

StaLement: Ecosystems pass through a series of develop
mentalist-a e- much in the same ma.-nner than an individual 
organism gjows from youth to adullhood. This orderly,
predictable sequence of stages is called ecological success
ion and culminates, at least in theory, in a stabilized 
stage at which na:imal pounible control is exerted by plants 
and an-imals over the physical cnvironment. 

•.p_anation: The .a,.ies t wav to vi sua Ii 'o eco logical 
succo.sion iA to begin 'ith an handcned, freshly plowed 
fiold (Fig. 1). Tn a short wh. e the field will be 
invaded by grasses, a mixLure of herbaceous plants, shrubs,

small trees and populations of small mammals such as mice 
and shrews. This is an early successional. stage, a young 
ecosystem. At this point the living components have very
little control over extremes of temperature, moisture or 
wind velocity.
 

Tn a few years shrubs and small trees totally replace the 
grasses, creating another successional stage with different 
animals present and'the beginnings of control over physical 
forces. The increasing bulk of vegetation gives greater
protection from extremes of rain and wind. Humidity and 
temperature fluctuate less. Now animals appear to exploit
the opportunities offered by different and larger plants. 

Finally, after .any ycrs the trees take over completely 
and create a mature c tsm v th considerabl e rcsistance 
to perturbation. Because of the presence of the forest, 
temperatures and relative humidity fluctuate less and there 
is greater protection from severe storms. 

The exact pattern of successional change varies, but the 
general pattern is universal. In certain tropical situa
tions succession may be greatly accelerated, with the result 

http:ecosy.st
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FIGURE ONE. This schemuatic representation of the process 
of ecological succession depicts the sequence
 
of communities wlich might develop on a single
 
site over a period of many years. The time scale
 
is hiqhiy variable depending upon local conditions.
 
In certain tropical areas the young forest might
 
develop in only one or two years while at high
 
latitudes it might take centuries.
 

i 'ii 

3-10 10-100AE(years) I 1-2 
;OSYSTEM BARE GRASSLAND GRASS AND YOUNG MATURE 
- FIELD SHRUBS FOREST FOREST 
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that a large forest is regcnerated after a short period of 
time. Although succession occurs more rapidly, the pattern 
is the same.
 

Extreme events such as fires, severe storms and mani
pulations hy man are all capable of interrupting succession 
and causing a return to an early successional stage. In 
some cases this can be beneficial for man, while in others it 
may cause more trouble (erosion, loss of productive land) 
than was anticipated. The iportant point is that since 
succession is a predictable, orderly process, proper planning 
before an aitcration of an ectsystem is attem.pted should 
insure predictable, orderly r,:,uits. 

Ammi cit ins: Man, of cuise, has a great ability to 
disrupt, a r and ontiol1cosysteIm deve1lopm,.nt. Almost 
all farming practices depr'end uqon arresting succession in the 
earliest, most productive sta:ges. Modrn forestry avoids 
the later succa.:sional stages because they ,re the least 
productive. As a result, most of the "developed" countries 
retain very little land in mature stages of ecological 
succession. This alows greater food and fiber production, 
but ;ay have other dr;a.:aks. Mature ecosysl.ms, ruch as an 
ancient orost with its (i',rlp]. , tlictu and ,s :T age of 
unusual sp.cles, often have 31cat (:cnoica] and ,iestretic 
value. If pri erly protecte'd in national pa,-ks and other 
preserves, tLhese areas "ay be a consid-erable ccon]nic :isret. 
Once desuroyed (r altered they can Wake hundreds of years to 
regenerate. For these and other reasons it often proves 
wise to retain significant tracts of mature ecosystems intact. 

F. Phycyal vers 'biologica 1control of the eco*s tem 

Statement: Many ecosystems are dominated by physical 
factors such as extremes of temperature, rainfall and wind 
velocity. Ecological succession in these systems tends to 
be prematurely terminated with the result that little control 
is achieved by the biological components and mature success
ional stages are never reached. Other ecosystems are not 
subject to such great physical e:-trosmes and are able to 
reach mature successional stalges characterizred by consider
able control of phy'ical factors. 

Explanation and apilication: There arc situations where 
the physical A-c us are so overwhelmaing that ecosystem 
development cannot proceed far. On an open beach or sand 
dune, for instance, the grass and small shrub stage pre
dominates and is never rep]l.ced by a forest of trees because 
the latter cannot wj tri:and .xpowure t:o continual salt spray 
or the impact of large storms with their associated wind and 

http:ecosysl.ms
http:deve1lopm,.nt
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water damage. Similar situations exist on steep mountain 
slopes, flood plains of rivers, deserts and shrub forests 
which frequently burn during the dry season. 

There is an interesting ler-son here for man, a creature 
which does not thrive unler.a.dv(erse physical conditions. 
All too often economic developiment has taken place in 
locations which are dominated 1y some strong physical factor, 
with the ass iurption that su it mbe protection can be 
enia iieered. At bust this has pz oved expensive and, at 
worst, totally unsafe. Pa tht r tlan fr.ciuently repairing or 
attempting to prevent d,1rage f om wves, floods or fires, it 
is perhaps more logical to use these areas for less intensive 
purposes such as r-ecioation or wildlife m~na.ement. 

Biologically controlled ecesys ems, such as a mature 
forest, where Lhe impoct of physical factors has been greatly 
reduced, pra ent m These aremore s-ubtle problem. areas 
usually easy to alter and develop, but often the devel eptent 
process is ccomtanited by the less of highly desirable 
features such as w.o:Ather moidification and erosion control 
which were due to the living ce,monents. As an alternative, 
it is often pe!r -ihie to retain much of the biological 
structure during the dvelopment process and at the saie 
time retain the beneficial side effects. 

It is for c.ammie, to c:nsr-:ucL a:-ssie, 1Cusing 
development or a toutrist resort in a for-ested area without 
removing very much v0ge1ation or chairg the ecological 
character of the Site dra:i'atl caCily. Modern tropical
 
forestry practices allow the removal of individual trees 
without destroying the basic structure, bogeochemical 
cycles and energy flow pattcrns of the forest. This may 
cost a little more moniey and profits zay be lower, but the 
basic objectives of housing construction and wood production 
are accroplished wJithout destroying a productive ecosystem. 

G. Bioacochei-icalcyc les 

Statement: Many of the chemical elements, including
 
nitrogen, carbon, phosphorus and all of the essential 
elements of protoplasm, circulate hack and forth between 
organisms arid the non-living environment by more or less 
circular routes which are called bioueochenmical cycles. 
Unlike energy which flows through ecosystems in only one 
direction, materials may circulate indefinitely within the 
ecosystem or be exchanged with nearby systems and used over
 
and over.
 



FIGURE TWO. The biogeochemical cycle for phosphorus,
 

greatly simplified.
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El_antion: Chemical elements tend to circulate 
through ecos.y'stems in characteristic cycles. As an cxample, 

the cycle for phosphorus, greatly simplified, is shown in 
Fig. 2. An individual atom of pibosplhcrus may at one time be 
contained in an animal's b)ody, at a later time be di-ssolved 
in an ocean and still later }b ),coepart of another animal. 
The phosphorus cyc.1 e is chart t c of m-sSt boigeochemical 
cycles in at any given fomnt the r 1s notthat n ia 
homogeneously dist.ributed the but tied inin h.'en is up 
several reservoirs or "pools" th vyng a:oants of 7iater
ial in the pools ,tnd varyi ng rC, s of : ge 1Let.c12n them. 

the i , oolsMuch of rir i;1 in thte. e te po is not rcadi ly 
available for u.e by the maolrity of "he word's organi sins. 
Phosphorus , for i s ,u in reli tlvely unjvailable 
places such as roc s inu nfiCcn o.n 

Under nior.aI c nd i. tions e i n,!its circulate within eco
systems in such a I - tes stImQer to si-1pc-r)arm ent 
storage pools are halanced by rc turn processes such as 
erosion of rock s <nd volct:nic action. I.an, unfortunately, 
has the ab-ility to u1.set ths 11 il ince by accelerating 
biogeochemical cycle-s. For exiiiple, through poorly managed 
agricultural ractices tons of -asily minecd .hpte rock 
are dug up and 'pr-ad onto fi eds only to hlve lost of the 
phosphorus -. the into strc,-ms:ash off fields nearby and 
rivers, where it crc .tos se.rious po]uti on :;rob]cris before 
washing into the s,n and being lcst, at I: ast cmorar:ily, 
to the deep-sea sediments 

AplI-ications: A full ofonderstnadingthe functioning 
of bi og(eochemi cal cycles is ip:nerative before large-scale 
environmental .;,aniulations are att.:.L;ted. By simply 
clearing forest cover from a tract of lanO, the amount of 
essential eli::ents calcium, toJr n, .::hosmhorus)(e.g. nitc 
washed off the 1,:nd -annuaily by nor;al r infall can be 
increased] one n,,i edfoId. In additco to crcating water 
pollution croh ms in nCearby bod i es D r, the nutrient 
loss from erosi on and timber rova1 ', a,,i on mav contain 
a large porcentace of avaJ7ilable nutricnts, particularly in 
the tropics) :1ay ma}: e it tspos ib to r(e enerate a forest 
on the samiie site due to the nutrient deopl.ted soils which 
remain. ith prop.er p ar-ning there are ways to avoid most 
of these problems through selective cutting of certain trees 
and techniqu.s to prevent or reduce soil erosion. 

H. The ecotone and edqe offects 

Statement: The transitional area between two ecosvstems, 
which is called an ecotone, usually has features from both 
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systems and, in addition, may have its own special character-


Often, both the number of species and the
istics. 

population density of certain species is greater in the
 

ecotone than in either adjoining ecosystem. The phenomenon 

is known as the eday effect. 

a straight line out of
Explpnation: If you travel in 

one ecosystem into another, for instance from a forest into 

open field, you will pass through a transitional zone
 an 

which is different from both the forest and the field. This
 

transitional area or ecotone may contain grasses and sedges
 
and shrubs from
the field and also treescharacteristic of 


-:nmmals and birds from both environments
the forest. Small 

will be presant plus unique spec:ies which are found only in
 

the ecotones.
 

fringes wherever two eco-
Ecotones form relatively narrow 

the edges of
 systems meet: between the land and sea, at 


lakes, and on the periphery of coral reefs, underwater sea-

For a variety of reasons
 grass beds and mangrove forests. 


they tend to support more individuals of certain species 
and
 

species of animals 	and plants than the ecosystems
more total 

on ei thher side. For many animals they offer cover and
 

A

safely Kn-,edlately 	adacent to productive feeding areas. 


utilize the forest-field
number of gamebirds, for example, 

ecotone for refuge betwecen forays into the relatively open 

and dangerous fields to obtain food. 

AAQioatLons: Any 	consideratLons of gamebird and small 

inclide understanding of ecotonesmammal managerent must an 

and the edge effect. In most situations it is a simple fact
 

exists as ecotones, smallthat by increasing 	 acyeage which 
A common technique
game populations will also he increased. 


amount of ecotones 	in homogeneous areas
is to increase the 

forests or c.en fields by crcating smallsuch as dense 

in the forest Dr by planting hnloarows in theOnearings 
may not
fields. Such manipulations, if properly e,:.:cuted, 


only increase game animal production, but also can 
improve
 

an area by i~icreasing visual diversity
the aesthetic value of 


the Furopean countryside).
(e.g. the attractive hedgerows of 


Ecotones are equally i.portant in aquatic ecosystems
 

where they p-ovide food and shelfter for a host of immature
 

fishes and Linvertchriates. 
 The transiti onal area between 

a good example (Fig. 3). Here 
mangroves and open 	water is 

andprotective rootsthe combination of 	shallow water, 
creates environment highlyplentiful attached 	algae an 

fishes, crabs andconducive to the survival of juvenile 
ecot one is destroyed, for instanceshrimps. If this 	 type of 

it should be no surprise to findby bulkheading (Fig. 4), 
of adult fishes, crabs and shrimps.
drastically lowerd numers 



FIGURE THREE. 	 Stands of mangrove trees create a valuable protective
 
zone in the shallows of many tropical estuaries and
 
coastal areas.-
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FIGURE FOUR. 	 Removal of the mangrove "edge" habitat destroys
 
an important ecological asset and may result
 
in lowered production of fishery products
 
from nearby bodies of water.
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This phenomenon has occurred in many places in the United 
a byproduct of poorly planned resi'dential and
States as 


industrial develop;ment. One example is Lake orth, 
Florida, where intensive dcvelopment and alteration of the 

at the ege of this estuarineshallow ecotone areas 
embayment during the 1950s was ccompanied by a nearly 
complete disappearance of the three most valluable 9ame

fishes. This occurred even though the open water areas of 

the estuary were only slightly altered and remained 
relatively pollution free.
 



IV. MANAGEMENT GUIDELINES BASED ON ECOLOGICAL PRINCIPLES
 

By combining basic knowledge of the type presented in
 
the previous section with practical management experiences,
 
it is possible to outline a series of broad management
 
guidelines. These guidelines are necessarily short and 
incomplete. They are presentcd as e::amples of the range of 
potential problems which might arie and which can be 
avoided. Many of these considerat ions do not apply in all 
situations. A more comprehensive ,nd c mp1ete understanding
of the probcxrs associathd with a specific site can be 
obtained with the cooperation of one or more expert con
sultants.
 

A. Protection and wise utilization of valuable ecosystems
 

(1) Areas of naturallv hiah_; rirnal prgpuctivity such
 
as wetlands, underwater grass beds and well 
developed, lu:.:uriant forests should receive high
 
priority for preservation or management.
 
Wherever dMscruction or serious alturation is
 
conto.plale-a., ben,fits and costs should be
 
carefully carlared.
 

(2) 	Will the proposed development or alteration result 
in the less of Productive farmland? Is this land 
highly prductive or only of marginal quality? 
Are there nearby areas of comparable quality 
available for farming? Will there be enough food 
produced in fhe region to su'port the human 
population wthlout deonding upon costly imports? 

(3) 	Is recreational. land going to be lost? Do 
sufficint alturnate areas exist for projected
 
populations in the future?
 

(4) 	Will features with unu.sual aesthetic value be
 
degraded or destroyed? Are---e-im-or--t-ant to
 
an existing or potential tourist industry? 

(5) 	Mature ecosystems such as aging forests can be 
easily destroyed without proper protection. 
Although these areas may have low ecological
productivity from a forester's viewpoint, they
often possess great natural beauty and require 
hundreds of years to recreate.
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(6) 	 Along the same lines, is the sequence of 
ecolog-cal succession likely to be s,riously 
disrupted or retarded? What will be the 
consequences? Will it be 'ie for 
natural processes to repair tlie d mae? 

(7) 	Will important aildlif e hlal)itat be damaged or 
lost? Critical areas 2l (a) feeding 

areas; (b) p-otective "co:ver"; (c) spawning 
and breeding grounds; (d) nesting .mcd nursery 

(d) dry or wet ,eason refuge areas.areas; and 
(8) What changes in the aniToal cc):-lunit,,., ml ght be 

expected--o acezip any dve]opeit? Will 
valuable species be lost? Wi]] pests or 

disease vectors such as mosquitoes becme sore 
common?
 

(9) 	Are there endanc:ered :secies dependent upon the 

area to be deveoped? (an they be protected 
by recognizing and preserving features which 
are necessary for their survival? Should they 
be protected 4irectly from exploitation? 

(10) Will animals or plants .hich form Iinks in 
foodwehs 	be properly -,rotected? !tkey link is 

.h.ich a nu:ber of othieran organi sm upon 
organisms are au,-ndent. A good (,:.:c:ple of a 

link is the cocc,nut palm which provideskey 
food and shelter for a variety of animals 
including man. 

(11) 	 Does the area under question support or will it 
support sigrnilficant coziercial fisheries? 
Is fish pre.uction an important -;-:tor in the 
local economy? it -ecomeCould important in 
the future? 

(12) 	 Can the area be utilized for aniuaculture 
operations? Will the proposed development 
limit or preclude this potential industry? 

(13) Can a healthy .ratio of subsidiz-ed to unsubsidized 
cs 	 tets be maintained? In other words, will
 

not
sufficiently large natural areas which are 

dependent upon direct human management be retained? 
Have the political and economic consecuences of 
failure to do this been anticipated? 

(14) At least moderate diversity of animal and plant 
species should be maintained. Extensive 
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monocultures associated with farming, forestry
and landscape planning ought to be avoided 
so as to limit large scale disease and pest
outbreaks. 

(15) Chemical herbicides and pesticides are valuable
when utilizedproperly. Guid-e-li-nes for their 
use should include: (a) avoidance of compounds
which have been demonstrated to be extremely
toxic or persistent in the environmont; (b) use
only in situations where there is no other 
suitable alternative; and (c) application by
trained and skilled technical. o.pu- ts 

(16) The accidental or thoughtless introdluction of new 
p or ,nimal species must be-v(o{iOd at a11 
costs. Damage from introduced species such as 
red deer in New Zealand and schi stosomi e.ss in
Puerto Rico has been of astronomical proportions.
There are cases where the introduction of a new
species can be beneficial, but these are the 
exception rather than the rule. They should be
allowed only after carefu' study and when there 
is a ce)lin rcason "'or the introduction. 

(17) If the carving camaci tv of ei ther humans or 
animals is to be increased significantly, the
potential consenuences should be %.jellunderstood. 
Will basic needs such as water, food and shelter
be sufficient to meet the demand? Will the 
quality of life or the health of individuals 
be seriously lowered? 

(18) Does the area to be developed contain sites or
ruins of historical sininificance? Wi l -
preservation and, pernaps, renovation of these 
sites receive proper consideration? 

(19) Are there existing human inhabitants of the 
region? Will their traditi-onal-rig'hts and 
needs be considered in a just and fair manner? 
To what extent are they dependent upon natural 
populations of plants and animals for their 
existence? Will these species be affected 
by the proposed development and if so, how 
will the people be compensated? 
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B. Prevention of adverse alterations of air and water
 
quality 

(1) 	Can accelerated rates of cultural eutrouhication 
of waterways e avoj-ed? - -This wl -equire 

careful planning to control nutrient sources
 

such as runoff of excess fertilizers from
 

agricultural fields and dumping of improperly 
treated domestic sewage and industrial 
organic wastes.
 

(2) Will heavy metals (ead, mercury, cadmium, etc.) 
rdio-s, i chemicals and other industrial 

by-oroducts he lisp-osed-0of~O y enrly 
this will e.n some type of (continment disposal 
and no rele-ses into the eivircnnent. If dilute 
effluent ree.se is con'eplated, all potential 
mechanisms of biological conceniration should be 
carefully investigated. 

(3) 	The release into waterways or the air of Rathoqenic
 
bacteria and viruses must be prevented. These 
originate MsL. :;monly from imprcoperly trcated 
human sewage, but may also be derived from farm 
and industrial wastes. 

(4) 	 Release of :.cccs orQanic cmmonnds (snm:aoe, 
sugarcane wasTes, etc.) into streams, lakes 
and coastal waters can quickly deplete dissolved 
oxygen concentrations which may, in turn, cause 
large scale mortality of fishes and invertebrates. 
Organic wastes should either be oxidized in a 
controlled manner before discharge or else 
released in such dilute quantities that no damage 
will occur. 

(5) 	 Fine part.jcu iLe materials such as crushed bauxite 
ore when dumned into bodies of water can cause 
extensive damage to aquatic animals and plants due 
to suffocation, irritation and clogging of delicate
 
membranes. These problems ian be avoided by
 
disposing of slurries and fine particulates on the 
land.
 

(6) 	Anything which increases water turbidity to 
unnaturally high levels for extended periods of 
time wi 11 destroy aquatic animals and plants. 
Damage from carefully controlled dredging for
 
navigation channels may be kept at minimal levels 
but extensive dredging and filling of underw;ater 
sediments or erodable aboie-water sediments can 



31 

(7) Accidental oil spilis from ships, wells, pipelines 
or holding facilities are, ,of course, highly
 
destructive. Careful planning can soften the
 
impact of (ldamac:ing spills through locating 
industrial facilities and ship channels at as 
great dist)nces as !nossibIe from vulnerable 
areas (i.e. magrove forests and coral reefs). 

(8) 	 Unnatural sal.in iuv al t,-cr _.ions should not be 
allowed to cccur in coastal wat ers. They may 
result fro-n increa!;ed or decreased release of 
freshwater from the land clue to water diversion 
projects (i.e. as, irrigiation projects) or 
from the du pn. --'f -,aline brine from desalination 
plants.
 

(9) 	Extensive and significant water tei:perature 
increases from release of heated effluents from 
electrical power generating stations can cause 
widespread damage to aquatic ecosystems and 
should be avoided. 

(10) 	 Acceptable air cuality is essential for good 
human h'.wiith , rd should be maintained. Badly 
degra~cd air can lead to respiratory diseases, 
acid rainfall nd reduced visibility. 

C. Physical factors to be considered
 

(1) 	Will the propose-d dcvelopment cause accelerated 
soil erosion? This is likely to occur on 
construction sites, farming land, strip-mined 
tracts, on steep slopes or any other location
 
where the ctive egetative cover beenrrt has 
removed. Ilun d of tons per year of valuable 
soil can be lost from a single hectare. This 
eroded soil, in turn, creates a multitude of 
new problems in the strcams, lakes, estuaries 
and coastal waters into which it is de2osited. 
Eroded sites should be repaired as well as 
possible by prep,;:aring the soil ,with fertilizers 
and mulches anid rerpIanting with ec~es which 
are capable of controlli ng erosion. 

(2) 	Wherever surface drajin,.ce patterns or run-off rates 
will be aj e ed, the con';e quences must be 
anti cipaLcd. For example when large areas are 
paved wtih ,''v:]t, infiltration rates are greatly 

reduceiridt1 r.1-of' rate accelerated. This 
means that a all strea which prior to 

http:drajin,.ce
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construction might be adequate to handle 

run-off from even the heaviest rains would 

become a dangerous flood threat after con
struction due to inability to accomnmodate 

a more sudden and gieater run-off. 

(3) Wise manage:ient of ,-;u 
is essential for mest 

surface 
coastal 

water resources 
areas. Many 

coastal cities .re (Ihopendent on subsurface 

freshwater aquifers which, if misused, may 

become depleted or contaminated with saltwater 

or pollutants. The recharge areas for aquifers 

may be hundreds of ki lo;eters inland and also 
must be protected. 

(4) A basic ccnsideration during the preliminary 

stages of planr.ing cencerns potential vulnerability 
to stronq ahysical puocesses. Generally, 
permanent structures should not be planned for 

locations such as river flood plains, slopes 

subject to mud slides or low-lying areas which 

might be lnndated by storm surges. In 
situatiens where structures are osolutely 
necessary, they should be properly engineered by 

being elevated and reinforced so as to minimize 
the effects of destructive evnts. This is 

usually an c:nxnsive undurtaking. 

(5) Certain tves of development can lead to climatic 

chance both on a local and worl-,.ide scale. The 
repercussions of large scale manipulations such as 

removing most of the vegetation of the Amazon basin 

are not, well understood. Changes in temperature 
extremes and rainfall pottyins over small geographi
cal areas coused by such factors as vegetation 

removal, incrcses i n l argo paved areas or rel.ease 

of particulate material from smoke stacks, are well 

documented, partially understood and may be avoided 

in some cases with careful planning. 

(6) Inshore currents and natterns of sediment deposi tion 

in coastal and estuari ne aters can be seriously 
affected by the construction of jetties, causeways, 
certain type of fish traps, piers and similar 

structures. This can lead to accelerated beach 

erosion and filling-in and stagnation of lagoons, 
embayments and shipping channels. Where these 
structurzs are absolutely necessary they can often 

be desi cned to allow better water movement so that 

little rews istance to currents is offered and 
sedimentation transport and deposition are not 
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(7) 	Natural beach erosion patterns should be
 
understood before development is attempted;

this is particularly true near high wave energy

beaches. It is not unusual 'or land on 
beachfront property and near the ends of 
sedimentary islands to erode at rates as high 
as several meters per year. In locations 
where this occurs the vulnerable zone should 
be set aside as an undeveloped buffer area and 
used for activities such as recrcation which 
may require little or no permanent structures. 

(8) Bulkheads and ri -ran walis lining shorelines 
and canal hanks .o]d he ],aed with care so 
that wave reflection does not endanger nearby
benthic vegetation, increase water turbidity or 
accelerate erosion of adjacent natural shorelines. 
Often it is cheaper and more attractive to 
utilize wave damping mangrove or marsh fringes
along waterways in place of concrete bulkheads. 

D. Manipulations which may be ecalocicallv beneficial 

Not all development-induced alterations need be damaging

to the environment. In certain situations it may be 
possible with proper understanding and planning to increase 
the ecological value of an area. The following ideas 
suggest just a few of the possibilities. 

(1) It is often :;ossible to incr ase the diversity
of plant and anima.l spycies present in an 
environment. This is particularly desirable 
for homogeneous ecosyste.ms such as even-aged
second growth forests or late successional 
stage wet-land areas. Carefully designed
clearings in the forest or excavated ponds or 
waterways in higher portions of marshes or 
upland mangrove swamps can result in markedly
higher fish and wildlife production in addition 
to increased aesthetic value due to greater 
visual contrast. 

(2) 	Creation and enlargement of ecotones between
 
ecosystems can result in dramatically increased 
fish 	and wildlife populations. Hedgerows or
 
bushy "edges between agricultural fields and 
marsh or mangrove strips along canal banks are 
examples of artificial ecotones. 

http:ecosyste.ms
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(3) 	In special circumstances the successful 
introduction of a plant or animal species 
from another geographical region may prove
 
beneficial. Species introductions should
 
always be preceded by careful feasibility 
studies. Thure mcst be an empty ecological 
niche for the new species. Any potential 
side 	effects must be anticipated, trial studies 
should be made in rciclsed areas and, most 
intportant, there :;hould be a sound economic or 
ecological reason for the int reduction. In 
the past most ,ppce1 itroluctios h-ave not 
been studied in advance aild, as a resulIt, the 
species has either failed to rwcwme established 
in its new environ:snt or h!is "back.fir 
ecologically and caccsed more trouble than good. 

(4) 	 Desirable and beneficial pAnt WMci ,s can be 
encouragd and uninsirable plants discouaied 
with the aid of certain management practices. 
These include carefully controlled fertilization, 
selective cutting, ccrtrolled burning and 
discriminate use of >erbicides by trained 
experts. The results can include increased 
aesthetic values and greafer economic return 
from increased plant ,nd animal producrion. 

(5) 	 The yield from wildlife a-nd fj pmou.ations can 
be optimized by s of carefully enforced 
hunting and fishin regula.ions The level of 
harvest can be adjusted so as to obtain either 
the greatest biologjical or economic yield or 
alternatively to provide the grcatest number of 
large fishes for sport fish.ing. 

(6) 	 Pest oraanisms can be controlled effectively in 
certain cases either by protecting the predators 
which feed upon them or through environmental 
manipulations. .. cslquitoes can be controlled by 
draining or allowing tidal water to flush the 
stagnant pools or moist soil where they breed. 
The introucti on of rmall fish which cnsume 
mosquito larvae can have the same effect. Mcny 
bothersome insects can be excluded from the 
vicinity of dwellings by trimming and thinning 
bushy vegetation and the lower limbs of trees 
to a height of a few meters above the ground. 
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(7) 	Land which has been devastated by strip mining
 
and other destructive practices can be
 
reclaimed through soil preparation and
 
revegetation to yield useful recreational, 
agricultural and urban landscapes. The
 
problems and technology associated with
 
this type of management are highly variable
 
depending upon soils, underlying rock, the
 
climate regime and local vegetation.
 

(8) 	Watershed run-of can he controlled through
 
water resour-cs na:-eient-. th- carefully
 
engineered devices so as to provide flood
 
control, soil erosion control, and more
 
dependable and stable freshwater supplies.
 
However, if poorly designed, this type of
 
engineering can cause more trouble and cost 
far more than the original, unaltered situation.
 

(9) 	Spoil material from dredanq oper-ations can be 
used in imainative ways to provide recreational 
land near the water or to construct vegetated 
marshes in areAs of low ecological value. 

(10) 	 The usefulness of artificial reefs has been 
demonstrated successfulflv-mnytti les. These 
structures, which are usually constructed of 
low cost materials such as used automobile tires, 
concrete pipes or surplus ships, attract
 
concentrations of plants and animals which are
 
of direct benefit to both sport and commercial
 
fishermen.
 



V. MANAGEMENT EYAIMPLES 

FOR SPECIFIC TROPICAL COASTAL ECOSYSTEMS
 

To obtain a clearer understanding of the ecological
 
principles and guidelines presented in the previous sections,
 
we now turn to three specific enviro-ments as illustrative 
examples: a mangrove forest, an open Leach and a coral reef.
 
For each we will: (]) present pertinent ecological
 
characteristics; (2) consider the natural benefits which
 
might be available for man; (3) detail the types of
 
alterations which may be particularly destructive; and (4)
 
attempt to find optimal uses for that particular environment.
 

A. Manrove domnated coastl ines 

A significant percentage of the world's tropical coast
lines are fringed by forests of mangrove trees. These
 
forests vary in width from a few meters to many kilometers
 
depending upon the slope of the lard, the extent of tidal
 
fluctuation and other factors. They are populated by a
 
number of spccies of tr-es, all collectively referred to as 
"mangroves". These tres have in cw.nn the ability to grow 
and flourish on damp, frequently flooded and water-logged 
soils -- soils which usually have an app:-ciable salt content. 

Certain mangroves are early succesi, nal species .which 
grow on the seaward edge of the forest and extend into the
 
water to a depth of a met r or so. Iey have elaborate
 
networks of "prop ioots" (Fig. 3) which support the true and 
also collect debris and sdiments in the Epaces bet.;een the 
roots. With t.me, if conditions 1re correct, these man
groves will increase in size, create new land and extend the 
forest further into the water. Once the land has been 
stabilized and tidal inundation reduced, other species of 
mangroves will invade and replace the early colonizers. 
Eventua ly, even these species may be replaced as more organic 
soil accumua tes ,and tidal inundation baycres less frequent. 

Typically, the mangrove forests are intersected by many
winding tidal channels and small streams. These stream net
works function as a circulatory system which removes some of 
the dead leaf material and waste products on the outgoing 
tide and imports relatively clean, oxygenated water on the 
rising tide. These streams also provide a transportation
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route for the myriads of fishes and invertebrates which move
 
in and out of the mangrove ecosystem.
 

Natural ben fits - Mangrove dominated ecosystems have 
sveri 1TOM&itres wh ch make their retenti on and wise mhnage
ment desirable. They more less(1) produce a or continuous 
input of dead leaf material to surrounding bodies of water. 
This leaf-fall typically averagos about eight metric tons of 
dry organic matter per hectare per year. Upon entering the 
water the leaves slowly disintegrate into fine particles
which provide food for a number of tomall aquatic animals
 
(crabs, shrimps, a fe'w srmall fishes, etc.) . ''he.e small
 
animals, in turn, provide food for ]rgor fishes and wading

birds. This means that the -:gro's are ip nsible for

providing much 
 of the batsi c food input to the Toodwabs of
 
n-arby coastal waters. Destruction and -,r ovo] of the
 
mangrove for.sts will be reflected by lo C.redprodction of
 
fishes and invertbrates in adjacent aquai wcusy...ms.
 
(2) The p.hyivcal structure of the,most seaward mngrove trees 
with their intertwined prop roots and trunks .indi ng into
shallow vwater provides a valuable cotone or protective
region which provides food and pietection for -ny small 
animals (Fig. 3). (3) Althungh ;anat rove forests occur on
coastlines which re not subject to ccntnuouos hys,tical 
stress, they di povide ,ccZsi,,, L rItct ion to inland areas
from svere storms. This in hut e the m-as of trunks, 
foliac and prop r- ,' serve s a ph. ical - uffer theto 

waves and storm suie gcenrad by hurr"ican, typhoCns and
 
tropical storms. A wnll nw, ] ol ist has
 
recently .- cul,.,,t thatthousands of livs vcud not have
been lost during the storm which d.vasatd cnt- al
 
Banglad'esh if many huare .kiloleters of mangrove forest had
 
not been convwerted into rice paddies. (4) Mang:.ro'e wood
 
has a number of uses including the production of charcoal. 
Proper forestry ma-r,. .nt uti i zin.g s;elective cutting al lows 
the reten-ion of t 1i-nn ,n.-rove ec-s'vst ems w-;hile at the 
same time podu'cing ,a continual SuIlV of ma:g:rove wood. 

Develc:pment re-srictons r- mangrove are, toMatre ecosystems 
a great extent, biologically controlled. Mangroves do not 
flourish where mb'sical factors such as wave action or tidal 
currents are too strong. This means that mangrove areas are 
relatively c-asy to modify and develop into something else,
but once modificaIions hve taken p1,ace ,,heore may he adverse 
side effects resulting from the absnce of the mangroves.
These include, but ire not 
limited to, erosion, increased
 
vulnerability of inl,nd areas to great storms and loss of 
fish production in nearby bodies of water. Tn addition, 
mangrove soils are characteristically difficult to convert to 
agriculture because of their tendency 
to become extremely acid
 
when drained and cultivated. 

http:wcusy...ms
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situations where mangrove areas
Nevertheless there are 

must be destroyed and developed. Simply removing mangrove
 

stands and building structures upon the ground upon which
 

they stand is usually not a good idea because of the
 
to
vulnerability to tidal flooding. The usual procedure is 

build a dike around the mangrove forest, remove the trees and 

fill in the basin with sediment pumped or hauled in from 

nearby areas. 

In most cases, it is best to locate development elsewhere
 

and preserve mangrove forests. To accomplish this it is
 
are not diked and
important that: (1) the mangroves 


(2) normal tidal flooding not be
permanently flooded; 

restricted; (3) the network of circulatory streams be
 

and (4) fine sediment (such as sugarcane wasteprotected; 

to flow into the
 or crushed bauxite ore) not he al lowed 


forest (these coat the root systems and kill the trees).
 

in certain mangrove foiests,Mosquitoes can be a problem 
particularly when human settlements are nearby. This does 

not occur where daily tides reach the mangroves, but can be
 
the hack of the forests wherc ti dal
ncreasingly bothersome at 

water penetrates infrequently. There are mosquito control 

methods, including t:emporary artificial flooding, carefully 

designed ditching and other techniques, which prcvent 

mosquitoes from reeding succe"'ully in these areas. 

Ontimal use - Tie best solution in most cases is to leave 
state e::cept, perhaps, for mangrove forests in their natural 

possib.e mosquito control Neasures along the landward ed~gies 

near human populations. This willof stands of trees 

guarantee the existence of an ecosystem which generates 

seafood products, g:mefishes, wading birds, protectionstorm 

and wood p)reduction at virtually no ma int:nance cost to man. 

Everything is providLed free by nature. 

to cities,In certain situations, usually in or adjacent 

high land cos.ts or strategic location may necessitate the
 
This should be done
destruction of mangrove ecosystems. 


only after the benefits of deveop.ment have been clearly
 

shown to .::crd .e benefits of preservation.
 

With ciw ful planning and 	 consideration of the ecological 
is usually possible to preserverequirements of mangroves, it 


stands of mangr -ves immediately adjacent to altered and
 
This has been done frequently in


intensively settled areas. 

south Florida (U.S.A.); the Rookery Bay preserve near Nap]ls,
 

Florida, is an outstanding e:.:ample (see Clark, ]974b). In
 

this case several thousand hectarps of mangrove-lined
 
preserved between two intensivelyestuarine waters were 


-.*--	 1 hqn drodred, fi1led-in and completel.2 



FIGURE FIVE. The influence of the ocean is greatly minimized 
behind this narrow beach due to the steep nature 
of the terrain. This may allow carefully planned 
development at points relatively close to the beach. 
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B. open beahes and dunes 

with beaches, whetherAll considerations dealing 
or economic, overshadowed in

biological, aesthetic are 
factor. The beach-duneimportance by one fundamental 

environment is shaped, controlled and dominated by strong 
salt spray,

physical forces -- forces such as high winds, 

storm waves and the resulting patterns of erosion and sand 
self-evident and

depositionr Although this point seems 
a great deal of oney, effort and 

obvious, in the past 
mpts to control beaches

human life has been lost in att 
stcictures as 

artificially for specific uses and to place 


close as possible to .he water.
 

coarse, many typos of beaches and a great
There are, of 

them. For the purposes of 
range of conditions which affect 

this paper two contrasting examples are presented (Figs. 5 

and 6). The first beach is narrow, steep and, most import

ant, usually lies adjacent to high ground. Wave energy on 
zone and hashech is concentrated in a narrowthis type of 

to the rapid rise in elevation.
minimal imact inland due 

which representsshould be located above a levelDevelopment damage)
the extent of storm influence (wave and salt spray 


to serious erosion. Care
not subject
so that the site is 
vegetation as 

should be taken to preserve as much natural 
plants arc adapted to limited salt spraq

possible since these 
help rio stabil ize the

and exposure to high winds and will 


soil and prevent landslides.
 

has low
The second type of beach, which is hroad and a 

and presentsin a more complicated manner
profile, functions 

and wise utilization. more difficulties for management 
which reflect a balanced 

These beaches have characteri stics 

and short-term factors such


combination of long-term as 
in the dunes, sand 

sea level fluctuati on, sand storage 
the patternand offshore, longshore currents and 

movement on 
6) consistcross section (Fig. they

of seasonal storms. In 
var ying numbers of dune

of a broad beach behind which may he 
of the of waves is absorbedenergy theDuring storms much 

the beach. During extreme events such
harmlessly on broad 

water and waves may extend into the dune line 
as typhoons, 

and even further. Sand m e'erode frim the front of the
 

tie shore; at e.u r 
beach and be carried offshore or a]ongi 


on Sand may be move
 
times it may be deposited the beach. 

the or
by wind and waves from the beach into dunes the dunes 

as a sand source to rebuild or extend the beach 
may serve 
seaward. The entire system over a period of years may
 

exhibit a net movement landward or seaward.
 

that the beach with its associate
The important point is 

The extentenvironment.dunes is a transitional, ephemeral 



FIGURE SIX. This relatively flat beach hias such a low 
profile that storm-generated waves may reach far 
inland. The beach itself may be several hundred 
meters wide and distances of one to two kilometers 
may separate the rear dune from the water's edae. 
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a number of factors including
of its instability depends upon 


the location of the beach in respect to prevailing wind and
 

average wave intensity and the periodicity of
 wave action, are moreand extr-me storms. Certain beachesmoderate 
and, as a result, are more stable.

protected than others 
are sub'ject to modification over a 

Nevertheless they all 
period of time. 

- Peaches are usually attractive spots and tend 
Optimal use 

resi dences, etc.) to points
to--ttract-dove ,-qment (hot els, 

often proves to 
as close to the w.;ater c's nter safe. This 

7). In this e.xample the transitional
be a mistake (Fig. 

inrercd and the natural rela
nature of the beach has been 

dune ovErlIooked. The
tionship btt.' un Leach and t rrct 

prenictable unp5js1santresults are and 

permanentA better str te;y (Fig. 8) is to keep all 
at least the most 

structures off the beach and away from 
should located

seaward dunes. Persanent buildings be well 

behind the >each in locations where more permanent (later 

stage) veget ation suggests considerable pro
successional 

Even at these sites
tection .rid a more stable environme nt. 

should be
precautions such as :plac'ing bui ldings on pi lings 


used to guard against '-he type of severe storms which may
 

once or twic,-e a century. The beach itself is fairly
 
occur 

and can be used for light
resistant to perturbation 

in where traction is cood and nesting
vehicular traffic areas 

terns are absent.
birds such as 


C. Coral reefs
 

the tropical
Coral reefs are scattered along world's 

combination of environmentalthecoastlines wherever correct 
conditions exist. These remarkable assemblages of limestone 

present a colorful and ..
structure, animals nd plants 
the ecologi

aesthetically pleasing under..,ater sight. From 
reef can be regarded as among the

cal vie..point the coral 
,cosystems.most diverse and productive of all natural 

frnm the calcium carbonate
Coral reef"s a.re constructed 

of layer upon layer of small coral animals ard
skeletons 

and d]ents. Only the outermost
other associated animals 

it dies it will gradually be
 the reef is alive; as
layer of 

layer of animals and plants. Over

covered with a new an 

extended period of time, many thousands of layers will
 

form a reef of great thickness and strength.

eventually 

is slow and may be retardedthe howver,Growth of reef, 
by daae from storms, predatory animals and,
periodically 

of course, the activities of man.
 



FIGURE SEVEN. In this low .profile beach example, development
 
has been located in the first dune line with
 
predictable results during the first major storm.
 



A better way to develop low profile beaches is to place'

-GURE EIGHT. 


major structures well behind the beach in locations 
which are
 

relatively protected. The boardwalk through the sand dunes
 

protects the dune vegetation (and the dunes) from heavy foot
 

and vehicular traffic.
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The complex of animals and associated plants which form
 
a coral reef, although capable of building structures with
 
great strength, are quite fragile ana easily destroyed.

They flourish only in -,:arm seas ;here temperatures remain 
above 200C and salinity is near that of the open ocean. 
Fuirther, they must have relatively clear, silt-free water 
with plenty of light prnetrat ion to at least the depth of 
the reef. Finally, me'lcrate currents or wave action are 
required and stgnant condit.ions must be avoided. 

Coral rceef s are not found ad jac(,nt to rivurs, near mud
 
bottoms or in st.,.,jnant back.;a'..ters. Obviously, man has the
abi ity to change cond i tone by dr-edging, d iki ng and other 
alterations so that existinc coral reefs are camaced or 
destroyed. 

Depend ing upon such factors as salinity, current veloc
ity, bottom subst-rate and lj iht penetration, coral reefs may 
occur as: (1) frinciinc rer7fs just offshore from beaches or 
rocky shorel ines; (2) b''' ',r reefs separa-ed from the shore 
by lagoons frcin severa 'hu1-rE(1 e crS to ny kilometers in 
width; (3) catch ref w.hich occupv s'-vral hectares or less 
at stable in ] and atolls occuriots the g~on; (4) which 
primarily in the Pacific nt Tndi;an Oc-rs ...nere volcanic 
mountai ns nave cii Kuillv s-nk belw she surface over an 
extendon3 p'eri od of "'me cring boehIind a ncrly ciicu iar reef 
with a central lr.oon. 

Natural benefi ts - The structure of a coral reef provides
refuge for nuserous pl .infs and animals, on its surface, 
within cracks and cave; and in the water column above the 
reef. :-'orecver, because co:uipononts of the reef are capable 
of both photosynthrsizing ard capturing small particles of 
food suspend in the wa ser, the reef ecosystem is much more 
ecologically roductive and capable of supporting many more 
animals than adjacent ecosystems such as the open ocean or 
the lagoon behind the reef. 

The result of this dual role of protection and food 
production is that a coral reef harbors an enormous variety
and quantity of fishes and invertebrates such as spiny
lobsters. Thi,se, of course, provide e-cellent sport and 
com;mercial fishing, recreational diving and spearfishing.
 
If properly managed with controls on over-fishing and
 
protection from overzealous coral collectors, a coral reef 
can be a permanent asset with great economic and ecological 
value.
 

One aspect of coral reefs which is often overlooked 
concerns coastline protection. Both fringing and harrier 
reefs are capable of breaking-up and dissipating even large 



FIGURE NINE. This is a healthy coral reef ecosystem situated in clean,
 
silt-free oceanic water. The lagoon acts as a buffer
 
to protect the reef from any minor disturbances originating
 
on the land.
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FIGURE TEN. The living reef has been destroyed by heavy 
loads of suspended solids from soil erosion and 
dumping of untreated sewage. All that remains 
is a dead reef composed of coral rubble heavily 
encrusted with algae. 
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storm generated waves. The protection afforded by reefs is 
often sufficient to allow the accumulation of a sand beach 

on the inner edge of the lagoon. Destruction of the reef
 
the beach asmay be followed by erosion and loss of much of 

In many locations
has occurred in the U.S. Virgin Islands. 

it is no e:.:aggeration to say that a healthy reef means a
 

healthy beach.
 

- Although capable of withstandingDevelooment restrictions 
gre-a't nishment--romcertain stresves such as wave energy, 

reef environment is highly susceptible to damagethe coral 
other types of stres;es including pollution, siltationfrom 

there should he noand salinity reduction. For this reason 
develolument or manipu1ation such as dredge and fill in the 

mont on nearby shoresvicinity of a reef. Even develo 
should be carefully controlled. FMgures 9 and 10 depict 

the type of destruction whi ch has occurred at 1<noe Bay, 
and other locations where precautionsHa.aii (U.S.A.), were 

taken to prevent sewage input and extensive erosion intonot 
the lagoon. 

Fisheries associated with reefs, although highly product

ive, do have their limitations and must be carefully managed. 

Certain types of fishing gear, particularly traps and spQ ar

fishing, are capable of extensive damage to fish stocks and 
restrictmust be reculatec. A frequent solution is to 

and fish traps from sections of the reef usedspearfishing 
manage fisheriesfor tourist and recreational diving and 

elsewhere on th.e reef. 

Optimal- use - A plan for the optimal use of a coral reef
proall of the elements of preservation andwould contain 

(a)tection discussed in this section. These include: 
of the reef and its environs from any alterationprotection 

(oil spills, dredging, sewage pollution, increased input of 

highly saline water or freshwater); (b) erosion contros on 

shoreline (ind hillside) development adjacent to the reef or 

its lagoon; (c) management of the reef itself so as to 

provide the best combination of fish and shellfish, recrea

tion and attractiveness to visitors. The economic and 

rewards for proper e:ecution of these guidelinesecological 
will far exceed the economic costs incurred. 
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VI. COMPREHENSIVE ECOLOGICAL PLANNING - WISE USE 

OF THE COASTAL ZONE
 

In the preceding sections of this paper we have briefly
 
examined a few of the more important lessons which ecology
 
has to offer. The concpt of the eccsystem has been
 
presented along with the beginnings of an undierstanding of
 
ecosystem struciture and functi-on. Guidelines have been
 
presented based on ccslstem mar. ment and examples have 
been discuqsd of the aplpicaton of this :now,]edge to 

several specific environ:ents. Now, the final step is to 
synthes ie this jnfomatLion into a general plan which can be 
applied in !.;pecifjc cases. 

There are a nher of potential uses which compete for 
space in the coastal zone. Among these are (1) industry, 
(2) transportation, (3) housing, (4) recreation, (5) pro
tected natural areas, (6) coercial fishing, and (7) 
aquaculture. Most of th,*se uses are not compatible with 
each other. This mutually exclusive cuality of, for 
instance, industry and r:creation, o:mpocizes the need for 
some sort of land-use p".annAm.ng. The concept of environ

mental zoning offers a viable solution. Under such an 
arrangement, areas ranging in size from a f ow hiundred 
hectares to hundreds of square ilometers are zoned into 

sectors based first on their suitability for proposed uses 
and, second, on life-support capacity and compatability with 
adjacent sections that are to have other uses.
 

Envi ronme ntal]onino.. 

The simplest environmental zoning plan divides the 
management area into three types of sectors.
 

(1) Areas zoned for intensive development - Environ
mentally destructive develpment of all types (refineries, 
factories, housing, intensive aquacultule and agriculture) 
are located in and have highest priority in these areas. 
Of course, not all of those uses are compatible and sub
divisions within these larger zones must be made. In 
certain cases, such as heavy industry, very little can be 
done to soften the impact on the environmient other than 
preventing the most dostructive influences such as pollution 
from influencing nearby zones. In other cases, housing for 
example, efforts can he made to retain as much as possible of 
the natural ecosystem. 

http:annAm.ng
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(2) Areas zoned for conservation (conservation as used 
here means wise utilization, not just preservation). - These 
zones are intended for activities which are based on the 
theory of maintaining and utilizing renewable resources. 
Examples include managed forestry, hunting and comnercial 
fisheries. Other uses such as recreation, low density 
housing and limited develoaymant may be feasible at specified 
locations wit hin the consorvaLion :'rne. 

(3) Ar,: .s ',nud for strict Pir: rvat ion - These arepy 
areas which are jUied o have great natura value, usually 
due to some unusual or unique w:cological attribute. A bird 
rookery (nest ing aiea) of unusual and beautiful tropical
 
birds or a grove of except ional virgin timber might qualify 
for this type of zoning. Preservation zones are often 
extremely fragile and easily destroyed. The only types of
 
alternate uses which might be co;patible include scientific
 
research ,nd limited recreation. Recreation which involves
 
heavy foot or vehicular traffic may be too destructive to be
 
permitted.
 

There are other, more complex environmental planning and
 
zoning systems. However, all of these, no matter how many
 
sub-classifications are used, are basically arranged around
 
the three uses - development, conservation and preservation.
 

Implementati on_ of_. zyni_9 

To success fully implement an environmpental zoning system, 
there are two basic requirecnents. First, there must be a 
strong legislative and administrative organization with the 
authority to crcate, maintain and enforce zoning regulations. 
One of the grotest probl]ems with any zoning system is the 
difficulty in maintaining the int,-gri ty of the Yones. There 
are often ,reAt i "nomic incenti ves for these who can circum
vent zoning ordinanc s; for instance, a developer may 
greatly increase his profits by locating a housing project in 
the midst of an attractive, presferved zone. 

Second, there must be a sound method for determing the 
basis for zoni:sg decisions. Th se decisions are necessarily 
of a political nature, but they must he based upon fair and 
accurate considerations of economic, ecological and aesthetic 
factors. Pal ancing all of these priorities and arriving at 
a good solution requires an exceptionally gifted group of 
experts. In ainc;s t every inst.nce, compromises must be made 
by the people at either extreme, the economic developers and 
the environmental preservationists.
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An examp]e
 

A hypothetical case is shown in Fig. 11 A and B. 
Depending upon your viewpoint, this stretch of coastline can
 
be regarded as either a number of contrasting ecosystems or 
a series of sites with different development possibilities. 
Carefully conducted research would show that certain loca
tions, such as the shal1ow emhayment and m:ngrove forest, 
exhibit great ecological productivity; others are not so 
productive, buLt may have considerable aeste hhic and 
recreation potuntia]. In a similar fa:i eion, ,._me areas are 
well suited for harhors, some for agricnilture a nd residential 
housing while others are not so good for these 1rjboses. 

By ass oh] ing a 'roup of experts from i:,.ny fields 
(ecologists, economists, ngineers , geolo i hydrologists, 
foresters, politicians and others) it should be :assible to 
divide the coast into zones Esed on the priorcities of the 
various intfr(sts. For portions of the coastline, solutions 
are obvious and easy to reach; for other sections the 
answers are not so obvious. The mangrove forest and shallow 
o:mhavment have great ecoiogJcal value but would be difficult 
and eap i.nsive to develop. The (tup,'n.:yment, however, is 
ecologically valuable and also highly suitable for intense 
deve opment. 

In the e:aml]e shown in Fig. 11 B, the group of experts 
has considered all available information and reached the best 
compromise. The area with the greatest ecological value, 
comprising the mangrove forest, the shallow bay and the 
barrier island system, has been set aside as a conservation 
area. This does not preclude limited use such as recrea
tional fishing, managed cuercial fishing, :,an,:g.d harvesting 
of ;mn:G: ve wood from certain areas of the forest and other 
uses which do not s'rusly alter thc:;e Pccsx'seten:s. However, 
the sect ions of the Anl:ove forests which contain bird 
rookeries and sctions of the bay hottocm with luxuriant 
growths of underwater grasses, should certainly be designated 
for strict preservation, with only recreational fishing and 
birdwatching allowed. 

The bech and are-a i;rm:iately behind the beach have been 
zoned for rI.cra-,tinal uses such as swimming, picnicking, 
sport fishing and boating. Other uses which might interfere 
with recreation, such as coirmercial fishing, are carefully 
controlled so that they take place only during non-recreation 
times. The remainder of the coastline has been set aside 
for necessary and appropriate types of development, some 
intensive and some not so intensive. This does not mean 
that other uses (i.e. recreation, housing and con;e:vation) 
may not be feasible in some cases. It does mean that 
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'USTRIAL 

This is one possible management solution for the
 
coastal area shown in Fig. 11A. The conservation
 
zone contains a number of smailer preservation zones
 
which are designed to protect such diverse features as
 
bird rookeries and seagrass beds.
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a good idea to: (1) use
Wherever possible, it is 

buffers between conservation and
as
recreation zones 

(2) use recreation, conservation or
development zones; 


beaches and floodplains
for areas such as
preservation zones 

(3) place


where intense development is hazardous; and 

thereby


preservation zones within tonservation zones, 

possible protection.providing the greatest 

IA final point
 

this type of zoning plan, particularly on such
 Of course, 

has in the past


a large scale, represents a solution which 


rarely ever been entirely achieved. In ,iost areas of the
 

world people and 'their developments already exist in such a
 
is impossible tofashion that ithaphazard and unplanned 

start the planning process from the beginning. In all but 
is always the potentia

the most e.:txtreme cases, however, there 
satisfies both development

for creating a workable plan which 
same time conforms to the 

and ecological demands and at the 
pattern of human existence.existing 

it is io emphasize that the alternative
Lastly, invariably

to planned dovelopment is hambazard growth that 
in a continuingtoo far and too rapidly and resultsproceeds 

food shortages, disease, social 
series of pollution problems, 

phenomena. Those
disorder, over :ro.ning and otner related 

are so expensive to correct that the
situations, in turn, 

be able to compete
economy of the region will no longer 

not been
with those of regions where resources have

favorably 

squandered for short-term gains.
 



VII. WHERE NEXT? RECOt2.:ENDED READING 

The following briefly annotated list of books and

articles is necessarily short, but should provide a starting
point for those who wish to investigate the material 
presented here in more depth. 

Ecoloqy 

Farnworth, Edward G. and Frank B. Golley
 

1973. Fragile ecosystems: Evaluation of research and

applications in the neotropics. 
 Springer-Verlag Pub.
 
Co., N.Y. 258 pp.
 

This is a useful review of the state of knowledge in
tropical ecology. The report is divided into six 
sections which deal with topics such as 
ecosystem

structure and function, impact of technology on the
environment and regional impacts of man. 

Golley, F.B. and E. '-'tdina 

1974. Tropical ecological systems. Ecological Studies
 
Vol. 11. Springer-Verlag. Pub. Co., N.Y.
 

This is another useful summary of current ecological
 
knowledge of tropical ecosystems.
 

Odum, Eugene P.
 

1971. Fundamentals of ecology. Saunders Pub. Co.,

Philadelphia. 574 pp.
 

This is an e::tensive text both for the beginning and

advanced ecology student and 
can also be used as a
 
reference book.
 

Odum, Eugene P.
 

1975. Ecology: The link between the natural and the
 
social sciences. Holt, Rinehart and Winston, N.Y.
 
244 pp.
 

This paperback text serves as an introduction to ecology

for both laymen and 
lower level college students.
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Odum, H.T. (editor)
 

Division of Technical
 
1970. A tropical rain forest. 


Energy, Research Development Administra-
Information. 

I

tion (A.E.C.), W1ashington, D.C. 

tome which contains a large number 
This is a technical 
of scientific papers sumimarizing several years of work 

in the rainforests of Puerto Rico.
 

Odum, H.T., B.J. Copeland and E.A. 1.c1cMahon (editors) 

of the United States. 
Coastal ecological systems1974. 

Found~ation, V.'ashington, D.C.
The Conservation 

in the late 1960s, present
These four volu:imes, compiled 

survey of nowl edge concerning ecological 
an exhaustive 
relationships and the effects of pollution on a series
 

of aquatic coastal ecosystems.
 

Richards, P.W.
 

Cambridge Univ. Press
 
1957. The tropical rain forest. 


London. 450 pp.
 

This classical work presents details 
of the ecological
 

the rainforest ecosystem.
and botanical aspects of 


Wood, E.J.F. and R.E. Johannes (editors)
 

marine environment.the tropical1975. Pollution in 

, Ansterdam.
Elsevier Pub. Co. 


which deal with 
This is a co]lection of summary papers 

the effects of different types of pollutants on a series
 

of tropical marine ecosystems including 
coral reefs,
 

mangrove forests and seagrass beds.
 

Conservation
 

Bjbrklund, Mona I.
 

Environ-

Achievements in marine conservation.
1974. 


205-224.
mental Conservation 1(3): 


an up-to-date survey of
 Contained in this article is 


the world's proposed and established 
parks and preserves
 



Carlozzi, Carl A. and Alice A. Carlozzi
 

1968. Conservation and Caribbean,regional progress.
 
The Antioch Press, Yellow Springs, Ohio. 151 pp.
 

Numerous aspects of conservation in the Caribbean are
 
discussed in this short book.
 

Carr, Archie
 

1973. ISo excellent a fishe: a natural history of sea
 
turtles. Anchor Natural History Books, Garden City,
 
N.Y. 266 pp.
 

This fascinating little book emphasizes the difficulties
 
involved in the preservation and wise conservation of a
 
single species, the green se& turtle.
 

Dasmann, Raymond F.
 

1976. Environmental conservation, 4th Ed. John Wiley
 
and Sons, Inc.,N.Y. 436 pp.
 

This is the leading introductory college text on the
 
subject and an excellent starting point for anyone
 
interested in an ecological viewpoint of conservation
 
problems.
 

Technology and environmental problems
 

Borgstrom, Georg
 

1973. The food and people dilemma. Duxbury Press.
 
North Scituate, Mass. 140 pp.
 

The balance between food production and environmental
 
considerations is examined in this short book.
 

Farvar, M.T. and John P. Milton (editors)
 

1972. The careless technology: ecology and inter
national development. The Natural Hi.-tory Press.
 
New York. 1030 pp.
 

This is a compilation of 50 articles which document some
 
ecological costs of promoting technological progress in
 
developing countries.
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Phillips, John
 

1959. Agriculture and ecology in Africa: 
 a study of

actual and potential development south of the Sahara.
 
Praeger Press. N.Y. 423 pp.
 

This book is a forerunner of the idea that development

in Africa should consider ecological factors. Emphasis

is placed upon1 ecological hazards which accompany

agzicultural development.
 

Phillips, John
 

1961. The develoDment of agriculture and forestry in
 
the tropics; patterns, problems and promise. Praeger

Press. N.Y. 221 pp.
 

This is an extensive discussion of crop production,

conservation and forestry practices from an ecological

viewpoint.
 

Ecoloqical-manaqement considerations
 

Anonymous
 

1972. "Environmental priorities". Special issue of

CERES, the FAO review. Col. 5, Jan.-Feb., 1972. 65 pp.
 

Presented in this volume is 
a short collection of
 
articles concerned with environment and international
 
development.
 

Anonymous
 

1974. International development and the human
 
environment. Macmillan Information. N.Y. 334 pp.
 

This annotated bibliography is an excellent source 
for
 
information relating to environment, development and the
 
third world.
 

Clark, John
 

1974A. Coastal ecosystems: ecological considerations
 
for management of the coastal 
zone. Conservation
 
Foundation, Washington, D.C. 178 pp.
 

Intended for the layman, this is 
an excellent summary

of ecological considerations applied to the coastal
 
environment.
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Clark, John
 

1974B. Rookery Bay: ecological 6onstraints on coastal
 
development. The Conservation Foundation, Washington,
 
D.C. 91 pp.
 

This highly significant report summarizes the conclusions
 
reached after many years of research and study of the
 
Rookery Bay preserve of south Florida. Emphasis is
 
placed upon inclusion of ecological understanding in the
 
planning process.
 

Clark, John
 

1977. Coastal ecosystems management: a technical
 
manual for conservation of coastal resources. John
 
Wiley & Sons Interscience (approximately 1000 pages).
 

Numerous authors have contributed to this extensive
 
manual for management of specific coastal ecosystems.
 
It should become one of the standard reference works;
 
on the subject.
 

Coastal Zone M.anrigement Institute 

1974. Coastal Zone Management: The Process of Program
 
Development. Coastal Zone Management Institute,
 
Sandwich, Maine, U.S.A.
 

This is a technical guide for state and local officials
 
involved with the implementation of the U.S. coastal
 
zone management programs. It contains numerous useful
 
references.
 

Dasmann, Ra'y'mond F., John P. Milton and Peter H. Freeman
 

1974. Ecological principles for ecqnomic development.
 
John Wiley and Sons, New York. 252 pp.
 

The authors explore pertinent interrelationships between
 
development and conservation and demonstrate that both
 
must be based on an understanding of ecology.
 

Lundholm, Bengt (editor)
 

1971. Ecologj and the less developed countries.
 
Ecological Research Committee Bulletin, No. 13, Swedish
 
Natural Science Research Council. 133 pp.
 

This volume consists of nine papers and twenty sumnmaries
 
of papers presented at a conference held in Stockholm
 
in ?971. T-nics range from "problems associated with
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" to
 
protein production from wildlife in 

Africa 


"economic development and the 
environment".
 

McEachern, John and Edward L. Towle
 

Ecological guidelines for island development.
1974. 

Morges,
IUCN Publications New 'Series No. 30. 

Switzerland. 66 pp.
 

This is the first pubi.c:ition in the series of which
 

the present paper is the fourth. 

The authors identify the adverse impacts of land use 
present a set of guidelinesactivities on islands and 

to assist planners and decision makers. 



The International Union for Conservation of Nature and
 
Natural Resources (TUCN) is an lnlfependent international 
body, formed in 1948, which has 11s headquarters in Morges, 
Switzerland. It is a Union of r)veCiign states, government 
a(;encies and on-gjovcrnmenta1 oi.jani :ations concerned with 
the initiation and pro'mot i on of iicientLf:ica]].y-ba -od action 
that will ensure perpetuation of the living world - man's 
natural environment - and the natural resources on which all 
living things (ltepnd, not only for their intrinsic cultural 
or s;cientific values hut also for the long-term economic and 
social wel fare of mankind. 

This obj)ective can be achiev d through active conservation 
progrisiies for the wise use of natural rer:ources in areas 
where the flora and faiuna are of pairticr-uiar im)ortance and 
where the landscape is espec)cially eauti ful or st riking, or 
of historical, cultural or sc ienti fic sificaitce. IUCN 

lieves that its aims can be a cdhieved must effectively by 
international effort in co-operation with other international 
agencies, such as 1'!NiSCO, UNEP and FAO. 

The World Wildlife Fund (W;F) is an international charitable 
org aniza tion dedicated to saving the world's wildlife and 
wild places, carrying out ihe wide variety of programmes and 
a ct4ons that this s. ;l!;F was ,,tab]Lntat :'hed in 1961 
under Swiss law, with he,:da, rters a I so in Morges. 

Since 1961, IUCN has enjoyed a .-ymi iotic relaizionshio ,.ith 
its sister or"aniza i.n, the World Wildlife Fund, with which 
it works clc-ely throaihout the world on projects of mutual 
interest. IUCN ,Ind ,WF now jointly oturate the various 
projects originated by or subii.t.ted to them. 

The projects cover a very wide range, from education, 
ecological studies and surveys, to the ,stablishment and 
management of areas as national parks and rescrves and 
emergency proura:rzes for the sa focu.ard ing of animal and 
plant species thrtcalened with ext inctien as well as support 
for certain key international con.ser.vation bodies. 

WWF fund-raising and publicity activities are mainly carried 
out by National Appeals in a number of countries, and its 
international governing body is made up of prominent 
personalities in many fields. 


