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FOREWORD ‘

For many years the International Union for Conservation
of Nature and Natural Resources (TUCN) has been encaged in
activities directed toward the formulation of ecologicel
concepts, principles and guidelines app >ropriate to cconomic

dcvelopment. Studigs have bLeen supported and workshops
have been held in varicus areas of the world., The results

of these activities have heen rocorded in a nusboer of
publications includirg Ecolocical Principles for Yeonomic
00*070"f‘nt by R.F. Dacmann, J.P. Miltcen ond D, H. Freenzn

(John Wiley, 1973) ”‘C’UMIA(l Guidelines nr T“l[n@
Uu\01uu”(nt by E. Towle and J. scL~1xvrn (1TucKy ]“/ ;
Hc lJ e of nloaical Guidelines “or Dove low

LN

‘10 Iwuﬂjcskflu‘ﬁ,'IQ/b); >JMD“JF

Qp1ac]1“i§;' ) . jan in Trepical
South (]ULN, 1975) ; and Luolgpli¢]
for Lh Natural Re ources in the | ivd]e

South West rsia (1UCN, 1976).

This prec x s been rarried out in clese
collaboration with a nu sber of agencioes including The

Concervation Foundaiion, Tsland ¥esources Foundation, the
World wWildlifte “urv and the Uniied Nabticns Fnvirorment
Progranne. Tt has ! sorted by funds from the Swedish

International Develor IOIIL), Unesco, the United
Nations Environment Vrc o and the World wWildlife Fund.

The application of “colngical principles to the nrocess
of ecornomic develorment is of lmportance in all ecological
regions. There is nene, howover, which has suffered
greator chuse from failure to recocnirze this principle than
the coecial vone of the world's comtinents and islands
Particularly in the  industrialized countries of the “orthern
hemisphere, coastal wone develepment has gone forward in the
past without consideration of the effects on ecolougical
proccsses, hs a result there have been sevore problems of

marine pollution, an impairment of the blo]og1 *al productivity
of co&stal and other marine ﬂDVonnmrnts, a depletion of
fisheries, and a growing amount of damage to coastal
installations which were developed at great cost.




Recognition of this situation caused the International
Union for Conservation of Hature and Natural Resources to
devote particular effort to call attention of development
agencies and decision-makers to those ecological principles
which cennot safely be ignored, particularly in the tropical
world where develonnent has not yet proceciced past a point
of no return. 102N has beon fortunate in obtaining the
services of Prois 5r William E. Odum of the University of
Virginia who has long expericnce with the ccolegy of
coastal zones and the effects of development. His report,
presented here, is a welcomne addition to the TUCN
publication series.
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1
I. INTRODUCTION

The coastal areas of the world are in the midst of a
period of eccnomic development of unprecedented Proportions.
Much of this development is naecessary and has been accom-
pPlished in a satisfactory, well planned Tashion. In other
areas, however, particularly in the heavily industrialized
nations, great ecxpanscs of Lho ceast have been altered to an
extent that little rescmbles the original, natural state,
Freauently, these cxtreme alicrations resulting in consider-
able cconomic, recreatipnal, cecological and acsthelic lecss,
have not been hecessary and covld have Leon avoidoed through
better unéerstanding and planning.

This short paper was written with the houpe that the same
mistakes will not be perpetuated as rconomic developnent
spreads into lropical coastal regions. The people of these
newly cmerging arces have a uniqgue opportunity to recap not
enly the benefits of cconomic development, but also to retain
ecological fealures of sroeat value.,

To understand how development can be made compatinle with
natural gpraceoses, this peper has Lbeen organizea inico four
sections. The first deals with hasic ecological principles;
an uncerstanding of these, no matter how superficial, is the
beginning of & realization of hew nature works and how she
can function to 's advantage. In the sccond section
gquidelines arc presented which are derived primarily from
ecoloyical principles., These guidelines are intended as a
beginning point for developient or ranacencnt considerations
for specific sitos. The third section, with three exampleg,
demenstrates the value of ccological rnowledae 1s a tool in
the ccenomic dxvelepnoent of environmonts common to most
tropical ccasts. The final secction conbines information
from the preceding material into a framcwork of comwmprchensive
environmental planning, Such an approach allows apparently
incompatible uses to cocxist on the cone stretch of coastline
without scriously interfering with each oLher.

&)
o

The discunsions to foliew deal principgally with tropical
and subtropical coasts. For convenience these are defined
as lying between 20°N and 20°S latitude. oOf course, much of
the information prescnted here applics equally well to higher
latitudes.



II. ECOLOGY, ECOSYSTEMS AND ENVIRONMENTAL MANAGEMENT

Many fields of science and social science are concerned
with the understanding and mgnagement of the envirorunent.
Central among these is the discipline of ecology. As
pointed out by Reymend Dasmann, John Milton and Peter
Freeman in their Zcological Principles gor ffonomlc Devel-
owmant, ccology is neither an emotional state of miné nor a
polfllcal point of view, Ecology is a scicence canplete
with a large body of Xnowledge, principles to organize the
knowledge and a potential ability to predict future cvents,

Ecoleygy, from the Greek root oikos, mcans literally
"house" or, sore accurately, "hnusphoid" Thus, ccology is
he study of "houses and houscholds" or, more Lroadly,
envisonmenis and cnvironmental components. A modern
cmphiasis is to define ecology as the study of the structure
and fUnCtion cf nature, with man, of course, as an integral
part of nature.

Ecologists are concerned, in a gyeneral sense, with
studying and understanding naturc at four different levels

of complexity. The simplest level is that of a single
pepulaticn, in other words, a group of organisms, plants or
animals, all of the came specics. The seccnd lcvel, more

complex th the first, is that of the community which, in
the ccolegical sense, includes all of the vepulations of a
given area. The cozmunity and “he ron-living environment
(water, so0il, nuiricnis, ete.) funciion together as an
ecolngical svastom or ceo-syster nally, the blgiqggfe
is that portion of the carth

is Lioloagically innhabit-
able and in which individual ecosyvsioms cxist.

For tho interested in manipulation and wanagement of
the environ t, it is caonvenient to choose cne of these
levels of complexity as a standard unit for orientation and
understanding, Considerations of large-scalec atmospheric
pollution reguire a biosphere level of oricentation; certain
types of f*rL @nd game management are most casily carried out

at the popuiztion level. In gueneral, however, the biosphere
level is t(o 1urgc and complex while populations and
communitics arc unroalistically simple. This lcaves the

ccosystem as the nest practical research and management unit.

In a qcnjh, the ccosystem is an absiract unit, since its
boundiries are flexible and are defined by the individual
investicator or manager to meet his own neads. The only
limitations are that certain specific components be prosent
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and that they interact in a prescribed manner. This means
that very small arcas such as a square meter of pasture or
very large arcas such as a 20 km2 Yake may gualify as
ccosystems.

The simplest definition of an ecosystem includes all of
the animal and plant populations of an area in addition to
the non-living components, More specifically, for an area
to be considered an ecesystoem it imust have: (1) plants or
"primary producers" which are able to manufacture food by
combining c¢nergy from the sun with >1mp]e 1n01gnn1c sub-
stances; (2) consumers, chiefly animals, which ingest other
organisms or particulate organic mahher, (3) decorposers,
principally bacteria and fungi, which decompese the complex
compounds of dead animals ond ploants;  (4) inorcanic sub-
stances (nitrocgen, carbeon, phorphorus, ete.); (5) organic
sub ces (proteins, carbohydrates, lipids, etc.); und o
(6) a Cl)n“tc regiine (toapercture and other physical factors).

Furthcrmore, to be a cocuplcecte eccsystem, the organisms
and their non-living envircomment must interact with each
other in certain ways. For exanple, nutrients such as
phosphorus and nitrogen are cvcled back and forth hetween
living and non-living compoenencs, Frnergy from the sun is
fixed in the form of plant tresues, Linan possed Lo herbivores
and finally scveral levels of carnivores. Populations of
animals and plants inferact with cech other behaviorally
(symbiosic), physically (crowding) and chemically (inhibitory
subslances). At the same time the physical cnvircnment and
climate affect the animal and plant populations by cncour-
aging or limiting population growth.

Jith these reguircements in mind, it should be apparent
that certain sites qgualify as complete ecosystems while

others do not. A pond, a stretch of river, a tract of
forest or a D(a(OJ, all are complete ocosystems., On the
other hand, an c¢ruanse of ocean bottom at 3,000 meters

depth or the asJ(mblnwe of animals inside a cave cannot he
considered as complete ccosystems because they lack plants
and are dependent upon fond materials washed or carried in
from other ecnavironments.

Ecosystoms, although identifiable as relatively complete

units, are not closed systcems, Materials, organisms and
energy are cycled, move and flow between ccesystems in a
regular fashion. A sircam can be considered a separate

ecosystem from the forest through which it flows, although
much of the food c¢nergy for the animals of the strcam
originates from the lcaves of the trecs in the forest.
Linkages or conncections between ecosystems may be of creat
importance in assessing the impacts of propnsed alterations
and develonment.
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Selection of a management-sized ecosvstem

As pointed out previo

e
[oS

xenéent upon the us

ly the dimensions of a particular
e for which it is defined.

ecosystem are dep
Take as an exanple a small pond stocked with fish, For the
fisheries bioleogist interested in meénaging this resource to
obtain the grcatest annual vield of fish, it imay be
sufficicnt to 1limit the delinéd ecosystem to the pond by

itself and ignore the beach and forest bevond. If the
pond's watershoed renains in a pristine, undeveloped con-
dition, understanding the relaticnship within the pond
betwnr'n plants, animals and the physical environaent may be
sufficient to unierstand 7ish production. Howoever, if a

plant or housing project is located in the
fects on the pond may be of yreat importance
find it necessary

manufa;tur1n%
watershed, the ef
In this case the Zicherics biclogist will

to consider the pord and its watershed as a single functional
unit. With this ¢pproach it shoulé be possible to predict

the conscguences to fish production of human activities
within the watershed.

In all cases which deai with land-use manadgement, it is
necessary to delineate the management ecosystem according to

clear, functional boundaries., There are many possible
boundaries; among the most commenly encountered are: (1)
edges of watcrsheds or airsheds; (2) clear physical
delineaticons such as the edges of areas affected by strong
physical forces (flocdplain beundaries, the tIHnSlglﬂn 1ine

from land to water); and (3) distincl vecetation boundaries
such as ihe edge batween a forest and an open grassland,

In sunmary, an ecological systom or ccesystem consists of
a functicnal assemhlage of plants, animals, decoimposer
organisms, non- 11” ing hbv'uncoc a climate regime, and, of
course, man. Tt has chu uCLGlJatiC bivlogical «nd physical
patterns of organization common to all ecosystoms. while
functieoning as a complete system, it zlso has inputs and

outputs to other ccesystens. A1l of the uscrs and pro-
cessors of materials and encrqy, including man, are a part of
the ccosystem and are responsible to a greater or lesser
extent for its successful operation.



IIT. ESSENTTAL 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 many cases, cxplanations are lacking and
complete understanding is far in the future. There are,
however, a series of hasic principles which have been
satisfactorily elucidated .-d which it is useful to mention
briefly,. This is not a corplete list nor are the explana-
tiens exhaustive. The irportant lesson is the beginaing of
a realization of the dcljcate nature of most ccesystems, the
case with which they can be disrupted and the potential sjde
effects which may result.

A. The concept of biological productivity and ~tnergy flow

Statcment: The most important biological process in an
ccosystem is the photosynthetic conversion of radiant energy
from the sun into stored plant encrgy. Once cnergy has
been fixed by plints (primary praduction) it can then be
converted to animal flesh by a series of consunmcrs (second-
ary production),

Fxplanation: The process of plants converting the sun's
energy into siorcd energy in the forn of organic matier can
be mersured by coveral di fferent techniques and can be
expressed in terms of weight of new organic matter produced
pPcr unit area por unit time. For instance, it is possible
to measure the primary production of a mangrove forest in
grams of organic matter f3wod (from CO,p, sunlight and H50)
pPer hour per square meter of forest (or in tons per hectare
per ycar).

Measurcnents of this type allow the comparison of the
primary product’ on of different ecosystems and give a
partial indication of both their ecological value and their
value to man. There arc many reasons why one ecosystem
produces more plant tissue than another; these will bhe
discussed in the sccbtion on limiting factors.

The conversion of plant tissue to animal tissue is
accomplished Ly the plant-cating herbivorous animals.
Subsequent conversions take place when the herbivores are
ceaten by carnivores and then, perhaps, these carnivo:»s are
corsumed by other carnivores., This step-wise mecvement of
¢nergy from the sun through plants and various levels of

11
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animals is called cnergy flow and the structure through

which it flows is called a foodweb. Each time that cnergy
is converted from one form to another, for instance from
plant tissue to herbivore tissue, a significant portion is
dissipated as heat and lost to the ecocsystoem, This mcans
that: (1) there c»n only be four or five conversion lcvels
in the focdweb of an ecesystem because all of the energy is
eventually dissipated as heat; and (2) the amount of tissue
produced at cach level decreases with increasing levels of
conversion.
!

swplications:  These considerations have lmportant

implications since man often attempts to obtain the greatest

yield from an ccosystem. vield refers to the production
whicn man removes [rom the ecosystom. By combining the

concept of productivity with the characteristics of foodwebs
it beccmes apparent that a greater yield to man cun be
obtained by harvesting from the lower conversion levels
(plants and herbivores).

Further, if an ccosystem is to function properly and
generate a siagnificant yield to man, no matter what con-
version level he is harvesting from, the basic sources of
primary production iust be protected. This can either be
accomplished by controlled crop production (agriculiure)
which may rcguire all sorts of encray subsidies (fertilizers,
pesticides, petroleum powored mechinery) or the accsystem
can be allowed to function naturally without aid from man.
In the latter case the yield will probably ke lower, but
expensive maintenance and encrgy rubsidy costs can be
avoided.

B. Limiting factors

Statement: Whother plants and animals are present in a
specific ecosystem and the extent to which they are success-
ful depends upon a complerx combination of conditions. Any
of these conditions which approaches or cxceeds the limits
of tolerance of an organiem is referred to as a limiting
factor for that organism. Usually, more than one factor
Combine to limit or cxclude organisms from an ccosysccm.

Explanation: All organisms coperate within minimal and

“
maximal tolerance limits. For instance, teo much or too
little heat, water, light or cesential nutrients will
restrict or exclude the growth of plants. rnimals are
limited in the same way by such factors as climate, food
availability and interactions with cach other.
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Orgar.isms 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, however, 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 sunlicht.

Applications: Proper understanding of the principle of
limiting factors can He uvseful during the planning process.
First, it ewplains why scne ccosystans have more species
present than others and why certain areas are biologically

more productive Lhan others. Further, knowlcdge of the
natural limiting factors for an areca may provide guidelines
concerning future develcopment peossibilities., Often the

major limiting factors for an ccosystem such 2s mineral
deficiency or lack of rainfall can be altered with fertiliza-
tion or irrigation. In other casces this will not prove
practical.

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

C. Carrying capacity

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

- : TCarrying capacity is usually expressed as

a measur icnsity, 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.

Anothor ecesystem may have a much lower carrying capacity for
cattle due to lower primary productivity caused by in-
sufficient rainfall.

Carrying capacity can be corsidered at several different

levels. The subsistcnce level is often used to denote the
absolute or max

aum capacity which an ecosystem can support:
it is usually characterized by a large number of individuals,
low individual growth rates and prevalent discase. At the
other extreme is the optimum level referring to a number or
density at which all individuals have an adeguate csupply of
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the essentials for existence and, as a result, demmonstrate
maximum individuzl growth and general good health.

application: The corcept ol carrying capacity can be
applied to almost any situation -- cattle on a ranch, decer
in a national park or fishes ascociated with a coral reef,
It is important to recognize that it is not a fixed value
but Fluctuates with changes in succecsional stages, changes
in climate or other limiting factors such as fires and
floods. The carrying capacity for deer in a forest might
be one decer for 100 hectares prior to a ferest fire, but
change to one decr for 10 hectares showvtly after the fire.
This incrcase in carrying copecity is a vesult of the
increase in succulent deer (ood which was scarce or absent
from the forest but which quickly invaeded the burned area
shortly after the {ire.

For man, carrying cepacity is an important tool, particu-
larly in the fields of game manageinent and fisheries. with
accuratc estimates of carrying capacity it is pessible to
carefully regulote both pepulation size and cxploitation
intensity so as to obtain the greatest pcasible yield. In
situations wheore deer arce managed, for instance, the optimal
carrying capacity for a tract of 1and is determined first and
then game regulaticns are ostablished to maintain that
density of animal

D. Subsidized end unsubsidized ecosystems

Statement: FEcosystems receive encrgy either directly
from the sun or in the form of scme sort of stored solar
energy (fuel). A1though both are likely to be used in most
ecosystcms, one source usuclly predominates;  this allows
the classification of ccosystems into solaer powered and Tuel

powered categories based on the major cnergy input to the

biological coumnunity.

Exnlunation: FEncrgy is, as already pointed out,
essential for Lhe operation of all ccosystoms. The sources
and quantities of ¢nergy determine to a arcat extent the
tvpes and nunbers of organisms which will be present and how
they will interact with cach other. Dircect solar cenerqy
provides a dilute but steady source of eniergy, which supports
a relatively low density but efficient assenblage of

organisms in ecosystems such as the open occan. At the
other extreme, fuel-powcred ccosystems depend upon potent,
highly concentrated fuels as cnorgy sources. This allows

the developrent of high densities of organisms, but at great
ecological and cconowmic cost.
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E.P. Odum (1975) had identified and discussed four basic

types of ecosystems based upon sources and levels of encrgy.
¢

(1) Unsubsidized natural solar-powered eccosystoms -

These are systems such as the opon ocean or
certain larce forests which function laruely
or entirely on the direct rays of the =un.
They are unsubsidized or, in othe: words, there
are no important alternate sources of cnergy
to enhance <r supplement solar radiation.
These ecosys'ains generally have a low pro-
ductivity per unit arca because of the
incfficiency of plants in converting solar
encrgy (aboul tme percent). Kowoever,

because of ‘heir huce extcent and Lheir
absolute non-dewendence upon man, they can

be regarded as the basic life-support system
for the carth. They purify the air, recycle
water, control climates, modify the weather
and produce a portion of man's food and fiber.

(2) Naturally subsidiz

d solar-powered ecosystems -

Included in this category are ccesystems such
as estuaries, coral recefs and certain rain-
forests which utilize direct solar zneray, but
also receive natural enerady subsidies in the

form of tides, flowing water and stcady rainfall.
In an estuary, where fresh and salt water mix,
the back and forth tidal flow of water performs
much of the n;vunshly wory of recycling nutrients

and transporting foods and wastes. This allows
the estuarine plants to utilize solar energy
more eirficicently. In & similar fashion ocecan

currents {lowing over a coral reef reduce
maintenance costs by removing wasies and
importing food. Excess rainfall allcows the
plants in a rainforest to devete lcoss cnergy

to the prevention of desiccation and concentrate
upon maximum rates of photosynthesis (primary
production).

As a conseqguence of these natural energy
subsidies, the recipient eccosystems are
extremely productive. Estuaries, coral recefs
and rainforests, therefore, function as
important life support systems and provide
large quantities of food and fibers, all at
no direct economic cecst to man.
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(3) Man-subsidized solar-powered ccosystoems -

Agriculture, forestry and aguaculture are
examples of this ,aieuory of ccos system.
Unnaturally high yields of food and fiber are
maintained by large inputs of fuel (or humnan

and animal l:ibor) in the forim of cultivation,
irrigation, fertilization, qunetic selection and
pest control. In othor words, artificial energy
subsidies are utilized to ernhince or oxteond
ecosysiem productivity end overceme naotural
limiting fuactors. It is important to reuognize
that most of man's recent spoeciaecular advances in
crop oroﬂuc‘iﬁﬁ such as miracle rice, wheat and
the so called "¢roen roevolution”, are due to
partial subsidiration frem other cnergy srarces
such as coal :nd pelrolcum products which make
possible large scale irrigation, cultivation and
use of fertilizers, posticidns and planticides.
If for any rcason these subsidies should be
terminated, this type of ecosystem will not
function normally &nd cannot be expected to
produce much of value,.

(4) Cities st fuel-pewered ccosy

LT el T I TN T T Al

Cities can
depencent uj

e
b
—

garded as incomplete ccosystems
zrge cuantities of food and fuel

[aRcoRNeN
L)

imported from system. Those
imported fuel replace, rather than
supplement, t y of the sun. hs cities

:r cnergy is, to a great

a

’
are now nanca

o~

exteat, a nuics which may generatle crcess
heat zand sinog opcfully, in the future solar
encrgy can be : to supplement or even
replace impor in cities.

surplemnented and totally fuel-
cnormous amounts of imported materials

and fuels. Tncse “come from surrounding solar-powered
ecosystems and from limited cnergy rescerves bencath the
earth's surface. Thig means that for every sguarc xilometer

of fuel-powaered ccosystem many sguare kilometers of seli-
sustaining solar-powered ccesystoms must be available to act
in a life-support capacity. It is no accident that most of
the world's creat industrial cities arc located on sca coasts,
large estuaries, rivers or lakes -- all of which have a ¢reat
capacity to prcovide waste zssimilation, cheap transportation,
food and recreation.
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These considerations are of critical importonce for
tropical coastal areas, bo'h at the local level and for
entire nations. At the local leveltit is imperative to
plan development so that cities and heavily subsidized
agricultural ecosystems are balanced with extensive arcas of
iminimally developed, naturally productive, solar-powered

1if O—\LQPULL reaions., At the naticnal level this principle
is even more essontial, 1f houvily subsidized ccosystems
domirate a COhntxy and natural arcas cenncot satisfy fuel and

material needs, it will be forced into a continual cvcle of
importation from other countries which in turn will create
an unbalanced econcmic situation.

E. Ecosystem d

evelorment: {sauccession)

Statement: Fcosystems pzss through a series of develop-
ental stagers much in the sane manner than an individual
orgunlsm grows fromn youth to adulthood. This orderly,

predictable segucnce of staces is called ecological success-
ion and culminates, at leest in theory, in a stabilized
stage at which maxiral pouscible control is cxerted by plants
and animals over the phyveical cnvironment.

““Wlinu.lmn' The 2asiest way to visualize ccological
succession is to begin with an sbandened, freshly plowed

firld (Fiag. 1). Tn a short while Lhn field will be
invaded by gresses, a mixture of herbaceous plants, shrubs,
small trees and pepulations of small ﬂamﬂalJ such as mice
and shrows, This is an carly successional stage, a young
ecosystem. At this point the living components have very

little control over extremes of temperature, moisture or
wind velocity.

In a few ycars shrubs and small trees totally replace the
grasses, crcating ancther successional stage with different
animals present and ‘the beginnings of control over physical
forces. The increasing bulk of vecyetation gives greater
protection from extreimes of rain and wind. Humidity and
temperature fluctuate less. New animals appear to exploit
the opportunitics offered by different and larger plants.

Finally, aftcr many vears the trees take over ceompletely
and crecate a mature ccosystem with considerable resistance
to perturbation. Eecause of the prescnce of the forest,
temperatures and relative humidity fluctuate less and there
is greater protection from scvere storms.

The exact pattern of successional change varies, but the
general pattern is universal. In certain tropical situa-
tions succession may be dgrecatly accelerated, with the result
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FIGURE ONE. This schematic representation of the process

' of ecological succession depicts the sequence
of communities which might develop on a single
site over a period of many years. The time scale
is highly 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.

Vb 3
AR \\VE:;/V
;E (years) 1-2 3-10

: M BARE GRASSLAND GRASS AND YOUNG MATURE
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that a large forest is regenerated 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 ky man are all capable of interrupting suvccession
and causing a return to an Cnllj successional stage., In
some cases tnis can be beneficial for wman, while in others it
may cause more trouble (ercsion, loss of productive land)
than was anticipated. The important point is that since
succession is a predictable, orderly process, proper planning!
before an &lteration of an ccosystiem is attempted should
insure predictable, orderly roesults.

Applications: Man, eof caourse, has a great ability to
disrupt, altor and cant:ol -<v')at~m development. Almost
all farming practices Acpend upson arresting succession in the
carliestc, most preductive stages, Modoern fPILHtIy avoids
the later succocsional stages because they are the least
productive. s a result, most of the "ﬂcuc]up(u countrics

retain very little 1and in mature stages of ecological

succession. This allows I(utO food and fiber production,
but may h: other drawuncks. Mature ecosysiome, cuch as an
ancicnt forost with its cumplex structure and arsenblage of
unusual <pecies, oiten have great u:o]oglcal and arnsthetic
"alue. Tf preverly protected in national parks and other
preserve “hese areas may be a considerablie ccononic asset.
Cnce ooggloyod or altered they can take hundreds of years to
revencrate. For these and other reasons it often proves

wise to retain significant tracts of mature eceocystemns intact.

F. Physical versus biological control of the ccosystem

Statc t: Many eccesystems are dominated by physical
factors sucn as extreres of tcampercture, rainfell and wind
velocity. tcoleygical succecsion in these systaenms toends to
be prematurely termirnated with the result that little control
is achievod by the biclogical components and mature success-
ional stages are never rcecached. Other ecosystems are not
subject to bUCh great physical extrames and are able to
reach mature successional stages characterized by consider-
able control of physical factors.

Explanation and awplication: There are situations where

e Nt i A - e

the physica. clcuents are so overwhelming that ccosystem
developient cannot p‘mrocd far. On an cpen beach or sand
dune, for instance, inhe uyrass and small shrub stage pre-
dominates and is never repleced by a forest of trees because

the latter cuonnot withoaiand cxposure to continual salt spray
or the impact of large storms with the associated wind and
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water damage. Similar situations exist on steep mountain
slopes, flood plains of rivers, deserts and shrub {crests
which frequently burn during the dry scason.

There is an interesting lesson here for man, a creature
which does not thrive under adverse physical conditions.
All too often econom’c development has taken place in
locations which are dominated hy some strong physical factor,
with the assumption that suitable protection can be
cnainecred. At best this has proved cxpensive and, at
worst, totally uncafe. Rather than freqguently repairing or
attempting to provent domage from waves, floods or fires, it
is perhaps more logical to use these arcas for less intensive
purposes such as recreation or wildlife managoement.

Biologically controlled eccsystcens, such as a mature
forest, where the ingact of physical factors has bheen greatly
reduced, prescent a more subtle problem These arcas are
usually easy to alter and develop, but often the development
process is eccompanied by the less of highly desirable
features such as weather modification and erosion contrel
which were due to the living cumpononts. As an alternative,
it is often peossible to retain much of the hioclogical
structure during the develcopnent process and at the same
time retain the heneficial side ceffects.

It is poessiblie, for « Lo construct a ncocusing
development or a LUULl t resort in a forested area without
removing very much vegetation or changing the eccological
character of the site dramatically. Modern tropical
forestry practices allow the removal of individual trees
without destroying the basic structure, biogcochemical
cycles and cenergy flow patterns of the forost. This may
cost a little more money ané profits may be lower, but the
basic cbjectives of housing coenstruction and wood production
are accomplished without destroying a productive ccosystem.

(f:

G. Biogeochemical cycles

Statement: Many of the chemical elements, including
nitrogen, carbon, phosphorus and all of the essential
elements of protoplasm, circulate back and forth betwcen
organiems and the non-living environment by more or loss
circular routes which are called bioge ochcm1cal cycles.

Unlike cnergy which flows through euosystums 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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Explanation: Chemical elements tend to circulate

through ecosystems in characteristic cycles. As an cxample
J . . k 4

the cycle for phosphorus, greatly simpiified, is shown in

Fig. 2. An individual atom of phosphcrus may at one time be

contained in an animal's bLeody, at a later time be dissolved
in an ocean and still later become part of aénother animal.
The phosphorus cycle is characteristic of mest bicgceochemical
cycles in that at any ¢iven momont the material is not
hcnogenecusly distributed in the ccosvstom but is tied up in
several reservoirs or "pools" with varying anocunts of mater-
ial in the pools and varying rates of exchange between them.,
Much of the material in these storage pools is not readily
available for use by the majority of the world's organisms.
Phesphorus, for c: u::lo, is siored in relatively urnavailable
places such as rock

ks oand doeep ocoan sodimnents.

Under normal conditionrs, eclenents circulate within eco-
systems in such a wmanner that lesses to seai-persanent
storage pools are balanced by rcturn processes such as

erosion of rocks and volcanic action. Man, unfortunately,
has the ability 1o urset this balance by accelerating
bicgeocheimical cycies. For cxample, thrcuvah poorly ranaged

agricultural practices tons of oasily mined phoesphate rock
are dug up and sproad ento ficlds only to nhave most of the
phoesphorus wash off Lhe fields into necarby strcams and

rivers, whore it creates serious pollution problems hefore
washing into the 2 and being lost, et lvast temporarily,
to the deep-sca scdinments,

QI

Applicaticns: A full understanding of the functioning
of bJOGOuChPMI“ll cycles is imperative before large-scale
Y GC

environmental aanipulations are attempted. By simply
clearing ’oroqt cover from a tract of land, the amount of
essential elcionts (e.g. calcium, nitrozen, phesphorus)
washed off tno laond annually by norral rainfall can be
increased one hundredfold. In acdition to creating water
pollution prablaims in ncarby bodies of water, the nutrient

r
loss from crosion and ¢1“b r removal (vegeitation may contain
a large percentage of available nutricnts, particularly in
the tropics) may mare it lmpossible to recenerate a forest
on the same site due to the nutrient deploted soils which
remain. With proper planning there are ways to avoid most
of these problems through selective cutting of certain trees
and tcechniques to prevent or reduce soil ercsion.

1
i

H. The ecotone and edge cffects

Statement The transitional arca between two ecosystoems,

which is ca]]cd an ecotone, usually has features from both
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systems and, in addition, may have its own special character-
istics. Often, both the number of species and the
population density of certain specics is greater in the
ecotone than in either adjoining ccosystem. The phenomenon
is known as the edge effcct.

Explanation: If you travel in a straight line out of
one écosystem into anocther, for instance from a forest into
an open field, you will pass through a transiticnal zone
which is different from both the forest and the field. This
transitional arca or ccoton2 may contain grasses and sedges
characteristic of the ficld and also trees and shrubs from
the forest. gmall mxrmals and birds from both environments
will be present plus unigue species which are found only in
the ecotones. .

Ecotones form relatively narrow fringes whercver two eco-
systems meet: between the lend and sca, at the edygcs of
l1zkes, and on the periphery of coral reefs, underwater sea-
grass beds and maengrove forests. For a variety of rcasons
they tend to support more individuals of certain species and
more total speciecs of animals and plants than the ecosystems

on cither side. For many animals they offer cover and
safety immediately cdlacent to productive Yeeding arcas. A

number of gamchirds, for cuznple, utilivze the forest-ifield
eccotene for refuge between forays into the relatively open
and dangerous fields to chizin food.

mpplications: Any conciderations of gamebird and small
mammal manage must include an understanding of ecotones

and the edge effect In most situations it is a simple fact
that by increasing acreage which exists as ecotones, small
game populations will also be increased. A common technique

is to increazse the amount of ccotones in homogencous areas
such as dense forests or cpen fields by creating small
Llrarings in the forest or by plenting hedgerows in the
fields. Such nanipulaticens, if properly cxecuted, may not
only incrcase guame anlmal production, but also can improve
the acsthctic value of an arca by incrcasing visual diversity
(e.g. the attractive hedgerows of the Furopean countryside).

Fcotones are egually important in aguatic ecosystoems
where they provide food and shelter for a host of inmature
fishes and invericbrates. The transiticnal arca between
mangroves and open water is a good example (Fig. 3). Here
the combination of shallow water, protective roots and
plentiful attached algae crcates an environment highly
conducive to the survival of juvenile fishes, crabs and
shrimps. 7f this type of ccotene is destroyed, for instance
by bulkheading (Fig. 4), it should be no surprise to find
drastically lowered numbers of adult fishes, crabs and shrimps.
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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
States as a byproduct of poorly planned residential and
industrial development. One cxample is Lake Worth,
Florida, where intensive development and alteration of the
shallow ccotone areas at the edce of this cstuarine
embayment during the 1950s was accompanied by a nearly
compiete disappearance of the three most valuable game-
fishes. This occurred even though the open water areas of
the estuary were only slightly altered and remained
relatively pollution free.
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IV. MANAGEMENT GUIDELINES BASED ON ECOLOGICAL PRINCIPLES

By combining basic knowledge of the type presented in
the previous section with practical management expericnces,
it is possible to outline a scrics of broad management
guidelincs. These guidelines are necessarily short and
incomplete. They are prescnted as crxemples of the range of
potential problems which might arise and which can be
avoided. “any of these considerations do not apply in all
situations. A more comprehensive ond ((mp]LLP Jndcvsganding
of the problcrs asczociatéd with a cpecific site can be
obtained with the cooperation of one or more expert con-
sultants,

A. Protection and wise utilization of valueble eccsystems

(1) Areas of naturally high primary productivity such
as wetlands, underwater arass BHeds and well
developed, luxuriant feorests should receive high
priority for preservation or management.

Wherever destruction or serious aiteration is
contemplated, bonefits and costs should be
carefully cornrared.

(2) Will the propesed development or alicration result
in the loss or productive farmland? Is this land
highly productive or only of marginal quality?

Are there ncarby arcas of comparable guality
available {or farming? Will there be c¢nough food
produced in the ragion to support the human
populetion without depending upon cestly imports?

(3) 1Is recreational land going to be lost? Do
sufficient alternate areas exist for projected
populations in the future?

(4) Will fcatures with anusual ¢ value be
degraded or destroyed? hre portant to

an existing or potential tourist industry?

(5) Mature ccosystems such as aging {orests can be
easily destroyed without proper protection.
Although these arcas may have low ecological
productivity from a forester's vicwpoint, they
often possess great natural beauty and require
hundreds of years to recrcate.
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(6)

(7)

(3)

(2)

(10)

(11)

(12)

(13)

(14)

Along the same lines, is the sequcnce of
ecological succession likely to be seriously
disrupted or retarded?  What wil! be the
consequences? Will it be posciblie for
natural processes to repair the Jdumage?

‘
Will important wildlife habitat be dunaged or
lost? Critical arcas include: (a) feeding
areas; (b) protective "cover"; (c¢) spawning
and breeding grounds; (d) nesting and nursery
areas; and (d) dry or wet season refuge areas.

What changes in the animal co unity might be
expected Lo accenpany development?  Will
valuable sgpecies be lost? Will pesis or
disease vectors such as mosquitces become nore
cormon?

Are there endancered specics dependent upon the
area to be dcveloped?  Can they be protected
by recognizing and preservang features which
are neccssary for their survival? Should they
be protccited directly from cxpleitation?

Will animals or plants which form key links in

\
™o

foodwebs be properly protected? L xey link is
an organism upcn which a number of other
organisms are dewondoent. A good cuumple of a

key link is the cocoenut palm which provides
food and shelicr for a variety of animals
including man.

Does the arca under question support or will it
support significant cesmercial fisheries?
Is fish preduction an imgp fa=tor in the

ortant
local eccnomy? Could it biecome important in
the future?

cd

Can the areca be utilized for auuacuiture

operations? Will the proposed development

limit or preclude this potential industry?

Can a healthy ratio of subsidized to unsubsidized
ecosystems be maintained?  Tn other words, will
sufficiently large natural arecas which are not
dependent upon direct human management be retained?
Have the political and cconomic conseguences of

failure to do this been anticipated?

At lecast moderate diversity of animal and plant

species should be maintained. Extensive
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(16)

(17)

(18)

(19)
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monocultures associated with farming, forestry
and landscape planning ought to be avoided

SO as to limit large scale discase and pest
cutbreaks,

Chemical herbicides and pesticides are valuable
when utilized properly. Guidelines for their
use should include: {(a) avoidance of compounds
which have been demonstrated to be extremely
toxic or persistent in the environment; (b) use
only in situations where there is no other
suitable alternative; and (c) application by
trained and skilled technical cuperts.

The accidental or thouchtless introduction of new
plant or animal species must be avoided at all
costs, Damage from introduced specics such as
red deer in New Zealand and schisteoscmiasis in
Puerto Rico has been of astrononical proportions.
There avre 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 careful study and when there
is a compelling reason for the introduction.

If the carrving capacity of either humans or
animals is to be incressed significantly, the
potential consequences should be well undersztoed.
Will basic necds such as water, food and shelter
be sufficient to mecet the demand? Will the
guality of life or the hecalth of individuals

be seriously lowered?

Does the arca to be developed contain sites or
ruins of historical sianificance? ~ Will

= . \, 1] .
preservation and, perhaps, renovation of these
sites receive proper consideration?

Are there existing human inhabitants of the
region?  Will their traditional rights and
needs be considered in a just and fair manner?
To what extent are they dependent upon natural
populations of plants and animals feor their
existence? Will these species Le 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 accelcreied rates of cultural cutrophication

of waterways be avoided? This will 1cqu1re
carcful planring to control nutrient sources
such as runoff of cxcess fertilizers from
agricultural fields and dumping of improperly
treated domestic sowage and industrial
organic wastes.

(2) Will heavy nctals (lead, mercury, cadmium, etc.)

radioic .'gt; “pes, toxic c})o'nj cals «nd other industrial
bv q[puqqts e disposed oi properly? Generally,
this will Tesxn some type of containment disposal

and no relcases into the environient. If dilute
.effluent releuse is con’emplated, all potential
mechanisms of biolegical concentration should be
carefully investigated.

(3) The relcase into watcrways or the air of OLLhOQCHIC

bacteria and viruses must be prevented. These
originate mest conmonly from mercpwlly Lrcated
human scwage, but may also be derived from farm

and industrial wastes.

(4) Release of oxccozs organ O ¢ e,
sugarcane wasies, etc.) into streams, lakes
and coastal srs can guickly deplete dissolved

oxygen concentrations which nay, in turn, cause
large scale mortality of fishes and invertcbrates.
Organic wastes should either be oxidized in a
controlled manncr before discharge or else
released in such dilute quantities that no dam
will occur.

[
[te]
]

materials such as crushed bauxite

(5) FEine part K
ore when du “into bodics of water can cause
extensive damage to aquatic animals and plants due
to suffocation, irritation and clogging of delicate

membranes. These preoblems .an be avoided by
disposing of slurries and fine particulates on the
land.

(6) Anything whlch increases water turbidity to
unnaturatly high levels for extended periods of
time will 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 underwater

sediments or crodable abose-water sediments can

1221 1ip mmyrmrmmmadk ammanuvcham Aa~svalaéd An
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Accidental oil spills from ships, wells, pipelines
or holding facilities are, of course, highly
destructive. Careful planning can soften the
impact of damacing spills through locating
industrial facilities #nd ship channels at as
great distances as possible from vulnerable

areas (i.c. mangrove forests and coral reefs).

Unnatural udf{gigv alteyations should not be
allowed to decur in coastal waters. They may
result from increased or decreased relecase of
freshwater from the land due to water diversion
projects (1 e. dums, irrication projects) or

from the dumpine ~f saline brine {rom desalination
plants.

Extensive and significant water temperature
increases from release of heated effluents from
electrical power generating stations can cause
widespread dmmage to aguatic ecosystems and

should be avoided.

Mcceptable air cuality is essential for good
human Heaqlth and should be maintained. Badly
degraded air can lead to respiratory diseases,

acid rzinfall and reduced visibility.

C. Physical factors to he considcred

(1)

(2)

Will the preoposed development cause accelerated
soil erosion? This is likely to occur on
construction sit es, farming land, strip-mined
tracts, on stcep slopes or any other location
where the protective vecetative cover has been
removed. - Hundreds of tons per year of valuable
soil can he lost from a single hectare. This
eroded soil, in turn, crcates a nultitude of

new problems in the strcams, lakes, cstuaries
and coastal waters into which it is deposited.
Eroded sites shculd be repaired as well as
pessible by opreparing the soil with fertilizers
and mulches and replanting with species which
are capable of controlling erosion.

Wherever surface drainzge patlerns or run-off rates
will be altcred, LPéNE‘nUP“HPnFQS must Le
anticipated, For cxample when large arcas are
paved with urg;*lt, infiltration rates are greatly
recduced and the run-off rate accelerated. This
mceans that a snall stream which prior to
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(3)

(4)

(5)

(6)

kconstruct*on might be adeguate to handle

run-off from even the hecaviest raing would
become a ¢angerous flood threat after con-
struction due to inability to accommodatc
a more sucden and grecater run-off.

Wise manzgement of subsurface water resources

is essential for most coastal arcas. Many
coastal cities are dependent on subsurface
freshwater aguifers which, if misused, may
become depleted or contaminated with saltwater
or pollutants, The recharge areas for aquifers
may be hundreds of kilometers Jn]und and also
must be protccted,

A basic ccnsideration during the preliminary
tages of planring concerns potential vulnerability

to strong physical processes. Generally,
permanent structiures chould not be planned for
locations such as river {lood plains, slopes
subject to mud slides or low-lying arcas which
might be *“unuutnd by storm surges. In

situations where structurcs are chselutely
necessary, they shou]d be prowperly (ng]newled by
being elevated and reinforced so as to minimize
the effects of destiructive cvants, This 1is
usually an coxpensive undertaking.

Certain ivpes of developrment can lead to climatic
change both on a local and world-wide scale. The
repercussions of large scale manipulations such as
removing most of the vegetation of Lthe amazon basin
are not,well understood. Changes in temperature
extremes and rainfall patterns cver small geographi-
cal arcas causcd by such factors as vegetation
removal, increzees in large paved arcas Or rclease
of particulate caterial from smoke stacke, are well
documented, partially understood and may be avoided
in some cases with carcful plaenning.

currenis and patterns of scdiment deposition

and estuarine :a ers CdnAbC seriously
affected by the construction of jet Lxcs, causeways,
certain type of fish traps, picrs and similar
structnres. This can lecad to accelerated beach
erosion and filling-in and stagnation of lagoons,
embayments and shipping charnncls. Where these
structurcs are absolutely necessary lhey can often
be decioned to allow better water moveiment so that
little resistance to currents is offered and
sedimentation transport and deposition are not

P ]
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Natural beach erosion patterns should be

understood befcore development is attempted;

this is DarL]CU]dlly truc noqr high wave energy
beaches. It is not unusual “or land on
beachfront property and necar the cnds of
sedimentary islands to crode at rates as high
as scveral melers per year. In locations
where this occurs the vulnerable zone should

be set aside as an undeveloped buifer area and
used for activities such as recreation which
may reaguire little or no permaunent structures.

Bulkhrads and rip-rap walls lining shorelines
and canal hanks anon]d be placed with care so

that wave reflection does not enadanger nearby
benthic vcgotat1on, increase water turbidity or
accelerate erosion of adjacent natural shorelines.
Often it is cheaper dnd more attractive to

utilize wave damping mangrove or marsh fringes
along waterways in place of concrete bulkheads.

D. Manipulations which mav be ccologically beneficial

33

Not all development-induced alterations nced be damaging

to the environment. In certain situations it may be
rossible with proper understanding and planning to increase
the ecological value of an arca. The following ideas

suggest just a few of the possibilities.

(1)

(2)

It is often possible to increase the diversity

of plant and animal species present in an

environment.  This is parficularly desirable
for homoucncous ecosystems such as even-aged
second graowih forests or late successional
stage wetland arcas. Carefully designed
clearings in the forest or excavated ponds or
waterways in higher portionq of marshes or
upland mangrove swamps can result in markedly
higher fish and w1]d11fe production in addition
to increased aesthetic value due to greater
visual contrast.

Crcation and cenlargement of ecotones between
ecosystems can result in drematically increased
fish gnd wildlife populations. Hedgerows or
bushy "edoes” between agricultural fields and
marsh or mangrove strips along canal banks are

examples of artificial ecotones.
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(3

(4)

(5)

(6)

In special circumstances the successful
introduction of a plant or animal species

from another gfogxaohlcal regicn may prove
beneficial. Species introductions shnuld
always be precceded by careful feasibility
studies. There most be an empty cecological
niche for the noew Spncinq. sny potential

side effects must be anticipated, trial studies
should be made in unc]n&od arcas and, most
important, there should be a sound economic or
ecological rcason for the introduction. In
the past most species introductions have not
been studied in advance and, as a Vnsu]t, the
species has either failed to Er ne establiched
in its new environment or has urclflrod"
ecologically and caused more trouble than good.

Desirable and beneficial plant species can he

encouraged and undeosirable Olanf' discouraced
with the aid of certain managemoent practices.
These include carefully controlled fertilization,
selective cutting, controllcd burning and

dis CTlﬁlﬂu«O use of herbicides by trained

experts. The results can inciude increased
aesthetic values and groater economic return

from increaged plant and animal production.

The yield from wildlife and fieh o »pulations can
be optimized by mcans of care uily’ enforcea
hunting and fishing regulaticons. The level of
harvest can be adjusied so as to cobtain either
the greatest bioloyical or c¢conomic yield or
alternatively to provide the arecatest number of
large fiches for sport {fishing.

Pest organisms can be controlled eflfectively in

certain cascs ellhor by protecting the p redators
which feed upon thcm or through envircnmmental
manipulations. csqguitons can be contxol]ed by
draining or n-loﬁlng tidal water to flush the
stagnant pools or moist s0il where they breed.
The introduction of =mall fish which cornsume
mosguite larvae can have the same eifect. Many
bothersome insects can be excluded from the
vicinity of dwellings by trimming and thinning
bushy vecgetation and the lower limbs of treces

to a height of a few meters above the ground.
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(8)
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Land which has been devastated by strip mining

and otner dcstructlve practlccs can be

agr1cultu1al and u1ban lanckcnpes. The
problems and technolegy associated with
this type of management are highly variable
depending upon soils, underlying rock, the
climate regime and local VCOCLdtJOD.,

'¥ators}3d run-otf can be controlled through

fater rosources management with carefully
enginoered devices so as to provide flood
control, so0il erosior control, and more
dependable and stable freshwater supplies.
However, if poorly designed, this type of
enginecring can causce more trouble and cost
far more than the original, unaltcred situation.

Spoil material from dredging operations can be

Used in imzaginative ways to provide recreational
land near the water or to construct vegetated
marshes in arcas of low ecological value.

The uscfulness of artificial rggfi has been
demonsirated successiully many times. 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.

35



V. MANAGEMENT EXAMPLES

‘FOR SPECIFIC TROPICAL COASTAL ECOSYSTEMS

.

To obtain a clearer understanding of the ecological
principles and guidelincs prescented in the previous sections,
we now turn to threce specific envirorments as illustrative
examples: a mangrove forest, an cpen kcach and a coral reef.
For each we will: (1) present pertinent ecological
characteristics; (2) consider the natural benefits which
might be availzble 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. Mangrove dominated coastlines

A significant percentage of the wor]d's tropical coast-
lines are frinced by forests of wmangrove trees. These
forests vary in width from a few meiers to many kilemeicers
depending upon the slope of the lard, the extent of tidal

fluctuation and other factors. TY\" are populzted by a
number of speccivs of “roes, all Lollcctl.ol referred to as
"mangroves". These troces have in cormon the ability to grow

caucntly flocded and water-logued

and flourish on danp,
sually have an approciable salt content.

soils -~ s0ils which uc:

._“"1

Certain mancroves are carly JULLL 'sinnal ﬂpocior which
grow on the secaward ouge of the forest and extend into the
water to a cepth of a mcter or so. Th’y hdv elaborate
networks of "prop roots" (Fig. 3) which support the tree and
also collcct debris and sadiments in the cpaces betwoeen the
echt, these man-

roots. With time, if conditions are corr
groves will incrcecase in size, create new land and extend the
forest further into the water. Once the land has been

stabilized and uvidal inundation reduced, othlier species of
mangroves will invade and replace the early colonizers.
Eventually, cven these sprecices may be replaced as imore organic
soil accumulates and tidal inundaticn becrmes less freguent.

Typically, the mangrove forests are intersccted by many
winding tidal channels and small strcams. 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, oxvgenated water on the
rising tide. These stircaems also provide a transportation
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route for the myriads of fishes and invertebrates which move
in eand out of the mangrove ecosystem.
‘

Na ] - Mangreove dominated ecosystems have
several foalures which nmake their retention and wise minage-
ment desirable (1) They praduce a morz or less continuous
input of dcad ]eaf material to surrounding bLodices of water.
This leaf-fall typically averages about eight metric tons of
dry organic matter per hectare per year. Upon ecntering the
water the leaves slowly disintegrate into fine particles
which provide food for a number of ¢mall aguatic animals
(crabs, shrimps, a few small fishes, cte.). These small
animals, in turn, provide food for lurger fishes and wading
hirds, This means that the rangroves are rosponsible for
providing much of the tasic food input to the Toadwebs of
nearby coastal waters. Destruction and rencval of the
mangrove forests will be reflected by lowered production of
fishes nnd invertebrates in adjacenl aguatic coooysiems.,

(2) The physical structure of the most seaward mongrove trees
with their intertwined prop roots and Lrunks extending into
shallow water provides a valuable ccotone or proiective
region which provides food and protection for many small
aninals (Fig. 3). (3) Althouyh mancreve forests occur on
coastlines which are sot subject fo continuous whysical
stress, they do provide oceusional protection to inland arcas
from scvere storms, This is kocuuse the wmoass of trunks
foliage and prop roote scrve as & cnysiczl huffer vo the
waves and storm surge gonerated by hurricancs, tvphoons and
tropical stourms. & well ¥nown tropical nuologjst has
recently spoculated that thousands of lives weuld not have
been ]ost during the storm which devastated conntal
Bangledesh if many squore kiloneters of mangrove forest had
not been converted into rice paddios, (4) Mancrove wood
has a number of vses including the production of charcoal.
Proper forestiry nmanad ot utilizing selective cutting allows
the retention of functicnal nengrove ecosysiems while at the
same time producing a continual supply of mangrove wood.

Natural ch\f1§
¢

3

Deyelgp *nt restrictions - Mature mangrove ccesystems are, to

a great e,trnt' biologically contrelled Mangroves do not
flourish where physical factors such as wave action or tidal
currents are too strong This means that mangrove arcas are

y o to m0d1f) and develop into sormething else,
but once modifications have taken place there may be adverse
side effects roesulting from the absence of the memagroves.
These include, bhut are not limited to, erosion, increasced
vulnerability of inland arcas to great storms and loss of

fish production in nearby bodies of water. Tn addition,
mangrove soils arc characteristically difficult to convert to
agriculture because of their tendency to become extremely acid
when drained und cultivated.

relatively car

‘ﬁﬂ
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Nevertheless there are situations where mangrove arcas
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
vulnerzbility to tidal flooding. The usual procedure is to
build a dike around the mangrove forest, remeove the trces and
£i11 in the basin wilh scdiment pumped or hauled in from
ncarby arcas.

I

In most cases, it is best to locate development elscwhere
and preserve mangrove forests. To accomplish this it is
important that: (1) the mangroves are not diked and
permanently flooded; (2) normai tidal flooding not be
restricted; (3) the network of circulatory streans be
protected; and (4) fine sediment (such as sugarcane waste
or crushed bauxite ore) not be aliowed to flow into the
forest (these coat the root systems and kill the trees).

Mosquitoes can be a problem in certain mangrove forests,
particularly when human settlemonts are ncarby. This does
not occur where daily tides reach the mangroves, but <an he
ncreasingly bothersome at the back of ihe forests where tidal
water penectrates infreqguently. There are mosquito control
methods, including temporary artificial flonding, carefully
designed ditching and other technigques, which provent
mesguitoes from breeding successfully in these arczs.

Optimal use - The best solution in mcst cases is to leave
mangrove forcsts in their natural state except, perhaps, for
possible mosguito control measures aleng the landward ecdges
of stands of trees ncar human populations. This will
guarantee the existence of an ecosysten which gecnerates
seafood products, gamefishes, wading birds, storm protection
and wood production at virtually no maintenance cost to man.
Everything is provided free by nature.

In certain situations, usually in or adjacent to citics,
high land costs or strategic location may necessitate the
destruction of mangrcve ccosystems, This should be done
only after the benefits of daveleopment have been clearly
shown to cxcred the bLonefits of preservation,

With careful planning and consideration of the ecological
requircments of mangroves, it is usually possible to proscrve
stands of rnangroves immediately adjacent to altered and

intensively scttled arcas. This has been done frequently in
south Florida (U.S.A.); the Rookery Bay preserve near Naples,
Florida, is an cutstanding example (sec Clark, 1974b). n

this casc scveral thousand hectares of mangrove-1lined
estuarine waters were preserved between Ltwo intensively
it ieae ik 1 ad heoan dradaed, filled-in and completely



FIGURE FIVE.

The influence of the ocean is greatly minimized POSSIBLE
behind this narrow beach due to the steep nature . DEVELOPMENT
of the terrain. This may allow carefully planned
development at points relatively close to the beach.
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B. Open beaches and dunes

All considerations dealing with beaches, whether
biological, acesthetic or economic, are overshadowed in
importance by one fundemeontal factor. The beach-dune
environment is shaped, controlled and dominated by strong
physical forces -- forces such as high winds, salt spray,
storm waves and the resulting patierns of ercsion and sand
deposition, z1ihough this point seems self-cvident and
obvious, in the past a great deal of meney, cffort and
human life hes been lost in attempts to control beaches
artificially for specific uses and to place stirictures as

N

There are, of courze, many types of beaches and a great
range of conditions which affect them. For the purposes of
this paper two contrasting cramples are presented (Figs. 5
and 6). The first beach is narrow, stoecp and, most import-
ant, usually lies adjacent to high ground. Wave cnergy on
this type of boach is concenirated in a narrow zZone and has
minimal impact inland due to the rapid rise in eclevation.
Development should be lecated above a level which represents
the exiont of storm influcnce (wave and salt spray demage)
so that the site is not subject to serious crosion. Care
should be taken to prescrve as much natural vogetation as
possible since thecse plants are adnpted Lo limited calt spray
and cxpesure to high winds and will help to stabilize the
soil and provent landslides.

The sccond type of beach, which is Lroad and has a low
profile, functiens in a more complicated manner and presents
more difficulties for management and wise utilization.

These beaches have characteristics which rcflect a balanced
combination of long-term ard short-torm factors such as

sca level fluctuation, gand storage in the duncs, sand
movement on and of fshore, lengshore currents and the pattern
of secasonal storms. In cross section (Fig. 6) they consist
of a broad beach behind which may be varying numbers of dunc
During storms much of the cnerygy of the waves is absorbed

harmlessly on the broad beach. During extreme events such
as typhoons, water and waves may exicnd into the dune line
and ecven further. cand may erode from the front of the
beach and be carried offshore or along the shore; at othoer
times it may be deposited on the bLeach. Sand may be moved

by wind and waves from the beach into the dunes or the dunes
may serve as a sand source to rechuild or cxtend the beach
seawvard. The entire system over a period of ycars may
exhibit a nct movement landward or scaward.

The important point is that the beach with its assaciate
dunes is a transitional, ephemeral environment. The extent



FIGURE SIX.

This relatively flat beach has 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 eddae.
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of its instability depends upon a nunber of factors including
the location of the beach in respect to prevailing wind and
wave action, average wave intensity and the periodicity of
moderate and extreme storms. Certain beaches are more
protected than others and, as a result, are more stable.
Nevertheless they are all subject to modification over a
period of time.

Optimal unc - necches are usually attractive spots and tend
fo atlract develupment (hotels, residences, etc.) to points
as close to the water os scem safe. This often proves to
be a mistake (Fig. 7). In this example the transitional
nature of the beach has been ignored and the natural rela-
tionship between beoach and dune tract overlooked. The
results are predictable and unpleasant.

A beitor strategy (Fig. 8) is to keep all pcrmanent
structures off the beach and away from at lecast the most
seaward duncs. permanent buildings should be located well
behind the weach in locations where more permanent (later
successional stoece) vegetation suggests considerable pro-
teetion &nd a more stable cnvironment. Even at these sites
precautions such as placing buildings on pilings should be
used Lo guard against the type of severe storms which may
occur once or twice a century. The beach itself is fairly
resistant to perturbation and can be used for light
vehicular traffic in arecas where traction is gocod and nesting
birds such as terns are absent.

C. Coral reefs

Coral reefs are scattered along the world's tropical
coastlines whereover the correct combination of environmental

conditions cxist. These remarkable ascemblages of limestone
structure, animals znd plants present a colorful and
acsthetically pleasing underwater sight. From the ecologi-

cal viewpoint the coral reef can be regarded as among the
most diverse and productive of all natural eccosystems.

Coral recfs are constructed from the calcium carbonate
skeletons of layer upon layer of small coral animals and

other asscciated animals and plants. Only the outermost
layer of the rcef is alive; as it dies it will gradually be
covered with a new layer of animals and plants. Over an

extended period of time, many thousands of layers will
eventually form a rcef of great thickness and strength.
Growth of the reef, however, is slow and may be retarded
periodically by damage from storms, predatory animals and,
of course, the activities of man.



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




"GURE EIGHT.

A better way to develop low profile beaches is to place
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 guite fragile eand casily destroyed.
They flourish only in warm seas where lemperatures remain
above 200C and salinity is ncar that of the open ocean.
Further, they must have relatively clear, silt-free water
with plenty of light penetration to at least the depth of
the rcef. Finally, moierate currents or wave action are
required and stagnant conditions must be zvoided.

Coral recefls are not found sdjacent to rivers, near mud
bottoms or in stagnant backwabers. Lvicusly, man has the
ability to change conditons by dredging, diking and other
alterations so that existing coral reefs are damaged or
destroyed. ‘

Depending upon such factors as salinity, current veloc-
ity, bottom substrate and light penetration, coral reefs may
occur as: (1) fringinc recfs just offshore frem heaches or
rocky shorelines; (2) b ‘r reefs scparated from the shore
by lagoons {rom sove: hundred metors to many kilometers in
width; (3) patch reefs which occupy scoveral hectarces or less
at suitable <oots in the legeon; and (4) atolls which occur
primarily in the Pacific and Indian Ocrans where volcanic
mountains have gradually sunk below cthe surfcce over an
extended period of time ving behind a nearly circular re
with a central laaccon.

(D
[}

Tox

fits - The structure of a coral reef provides

Or numerous plents and animals, on its surface,
w1tn1n cracks and caves and in the water column above the
reef. Morecvar, because components of the reef are capable
of both photosyntlicsizing and capturing small particles of
food suspended in the weter, the reef ecosystem is much more
ecologlcally croductive and capaeble of supporting many more
animals than adjacent ccosystems such as the open ocean or
the lacoon hehind 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 &nd invertebrates such as spiny
lobsters. These, of course, provide excellent sport and
commercial fic hang, recreational diving and spearfishing.
If properly managed with controls on over~fishing and
protection from overzealous coral collectors, a coral rcef
can be a permanent asset with great economic and ecological

value. .
A\
One aspect of coral reefls which is often overlooked
concerns cocastline protection. Both fringing and barrier

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 recf 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
may be followed by crosion and loss of much of the beach as
has occurred in the U.S. Virgin Islands. In many locatioens
it is no cxaggeration to say that a healthy reef means a
healthy heach.

Development restrictions - Although capable of withstanding
grecat punishment from certain stresses such as wave cnergy,
the coral rcef environment is highly susceptible to dainage
from other types of strececses including pollution, siltation
and salinity reduction. For this rcason there should be no
development or manipulation such as dredge and fi11 in the
vicinity of a recef. Even develowrent on nearby shores
should be carefully controlled. Figures 9 and 10 depict
the type of destruction which has occurred at Kanoe Ray,
Hawaii (U.S.A.), a«nd other locations where precauticns were
not taken to prevent scwage input and extensive ercsion into
the leagoon.

Fisheries associated with reefs, although highly product-
ive, do have their limitations and must be carcfully managad.
Certain types of {ishing gear, particularly traps and spoar-
fishing, are cepable of extensive damage to fish siocks and
must be rcuulared. A freguent solution is to restrict
spearfishing and fish traps from sections of the reef used
for tourist and recrcational diving and manace fisheries
elsevhere on the reef,

Optimal usc - A plan for the optimal use of a coral reef
would contain all of the elements of preservation ana pro-
tection discussed in this section. These include: (a)
protection of the reef and its environs from any alteration
(0il spills, dredging, sewage pollution, incrcased input of
highly saline water or freshwater); (b) erosion controls on
shoreline {(ind hillside) development adjacent to the reef or
its lauoon; (¢) management of the reef itself so as to
provide the best combination of fish and shellfish, recrca-
tion and attractiveness to visitors. The econcmic and
ecological rewards for proper cxecution of these guidelirnes
will far exceced the economic costs incurred.



~-VI. COMPREHENSTIVE 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 ecolpgy

has to offer. The concept of the cccosystem has been
presented along with the beginnings of an understanding of
ecosystem structure and function. Guidelines have been

prescnted bosed on ccesystem management and cxamples have
been discussed of the application of this knowledge to
several spoecific environnonts., liow, the final step is to
synthesize this information into a general plan which can be
applied in specific cases.

There are a nurber of potential uses which compete for
space in the coastal zone. smong these are (1) industry,
(2) transportation, (3) nousing, (4) recreation, (5) pro-
tected notural oreas, (6) coimmercial £ishing, and (7)

aquaculture. Most of these uses are not compatible with
each other. This mutually exclusive guality of, for
instance, industry and recreation, camphacizes the need for

some sort of land-usz p ving, The concept of environ-
mental zoning offers a viable solution. inder sucn an
arrangement, arcas ranging in size from a fow hundred
hectarcs to hundreds of square kilemeters are zoned into
sectors based first on their suitability for proposed uses
and, second, on lifc-support capacity and compatability with
adjacent scctions Lhat are to have other uses.

Environ

2onin

N,

[ Ve

The simplest environmental zoning plan divides the
managenent arca into three types of sectors.

(1) 2Arcas zoned for intensive development - Environ-

mentally dostructive development of all types (refineries,
factorics, housing, intensive aquacultuye and agriculture)
are located in and have highest priority in these areas.

0f course, not all of these uses are compatible and sub-
divisions within these larger zoncs must be made. In
certain cases, such as heavy industry, very little can be
done to soften the impact on the environment other than

. breventing the most destructive influences such as pcllution
from influencing noarby zones. In other cases, housing for
example, cfforts can be made to retain as much as possible of
the natural ecosystem.
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(2) 5£gg§_f0jnd 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 devalopmont may be feasible at specified
locations within the conscrvation zone.

{

(3) Ireis 'mnad for ctvlct D‘!'DJVJLIOH - These are

v,

arcas which are judged to have gv:nt natural value, usually
due to some unusual or uniague ccological attribute. A bird
rookery (rcsting arca) of unusnal and beautiful tropical
birds or a grove of crxcepticnal virgin timber might qualify
for this type of zening. PTCSQLVGL1OD zones are often
extremely Tragile and ecesily destroyed. The only types of
alternate uses which might be compatible include scientific
resecarch and limited recreation. Recreation which involves
heavy foot or vchicular traffic may be too destructive to be
rermitted.

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

Implementation of zening

To successfully implement an cenvironmental zoning system,
there are two basic reaguirements. First, therc must be a
strong legislative and administrative organization with the
authority to crerate, maintain and enforce zoning regulations
One of the grectest problems with any zoning system is the
difficulty in maintaining the integrity of the rones. There
are often ¢reat « oncmic incentives for these whe can circum-
vent zoning ordinances; for instance, a developer may
greatly incrcase his profits by locating a housing project in
the midst of an attractive, preserved zone.

:cond, there must be a scund method for determing the

oY zoning n('jvloqv Those decisions are necessarily
of a political nature, but they must be based upon fair and
accurate considerations of eccnomic, ecological and acsthetic
factors, Ralancing all of these priorities and arriving at
a good solution rcqguires an cxceptionally gifted group of
cxperts. In almost every insiance, compromises must be made
by the people at either extreme, the cconomic developers and
the environmental preservationists.
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An example

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 centrasting ccosystems or
a series of sites with different developriont possibilities.
Carefully conducted rescarch would cshew that certain loca-
tions, such as the zhallow cmbeynent and mangrove forest,
exhibit great ccclouical productivity; others are not so
productive, but way have censiderable adesthetic and
recreation potential., In a similaer fachion, soine arcas are
well suited for harbors, some for agriculturce and residential
housing while others are not so good for these purposes,

3

By asscmbling a group of cxperts from wany fieclds
(ecologists, ceoneomists, cngincers, geologists, hydrologists,
foresters, politicians and others) it should be p0351b]e to
dividn the coast into zones bLzsed on the priorities of the

arious intorests. For poriions of the coastline, solutions
are ohbvious and cesy to reach; for other sections the
answers arc not so obvious, The mangrove forest and shallow
cmbayment have great eocological value but would be difficult
and cxpensive to develop. The Jdeep enbayment, however, is
acologically valuahble and also highly suitable for intense
develounent.

In the example shown in Fig. 11 B, the group of experts
has concidered all available information and reached the best
compromise. The areca with the greatest ccological value,
comprising the mangrove forest, the shallcw hay and the
barrier island system, has been set aside as a conscervation
area. This dces not preclude limited use such as recrea-
tional fishing, managed commercial fishing, manegad harvesting
o{ mengrove wond from certain arcas of the forest and other
uscs which do not seriously alter these ecosystens. However,
tno scecticns of the nmungrove forests which contain bird
rookeries and soctions of ‘he bay beottom with luxuriant
growths of underwater grasses, should certainly be designated
for strict preservation, with only recreational fishing and
birdwatching allowed.

The beach and arca irmedistely behind the beach have been
zoned for recrcational uses such as swimming, picnicking,
sport fishing and boating. Other usecs which might interfere
with recreation, such as commercial fishing, are carefully
controlled so that they take place only during non-recreation

times. The rcmainder of the coastline has been set aside
for nceessary and appreopriate types of development, some
intensive and some not so intensive. This does not mean

that other uses (i.e. recreation, housing and canservation)
may not be fecasible in scime cases. It does mean that
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[GURE 1llA. This hypothetical example shows an expanse of
undeveloped coastline containing a number of
different environments with varying possibilities :
for conservation or development.
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“IGURE 11B. This is one possible management solution for the
coastal area shown in Fig. 11A. The conservation
zone contains a number of smaller preservation zones
which are designed to protect such diverse features as
bird rookeries and seagrass beds.
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Wherever possible, it is a good idea to: (1) use
" recreation zones as buffers between conservation and
development zones; (2) use recreation, conservation or
preservation zones for arcas such as beaches and floodplains
where intense development is hazardous; and (3) place
preservation zonces within ¢onservation zones, therecby
providing the greatest possible protection.

1A final point

of course, this type of zoning plan, particularly on such
a large scale, represcents a solution which has in the past
rarely ever been entirely achieved. In most arcas of the
world people and “‘heir developments alrcady exist in such a
haphazard and unplanncd fashion that it is impossible to
start the planning process from the beginning. In all but
the most cxtreme cases, however, there is always the potential
for creating a workable plan which satisfies both development
and ecological demands and at the same time conforms to the
existing pattern of human existence.

Lastly, it is important to cmphasize that the alternative
to planned developmont is haphazard growth that invariably
proceeds too far and too -apidly and results in a continuing
series of pollution preblems, food shortages, discase, social
disorder, overcrowding and other related phencinena. These
situations, in turn, are soO cuponsive to correct that the
economy of the rcgion will no longcr be able to compete
favorably with those of regions where resources have not been
squandered for short-term gains.



VII. WHERE NEXT? RECOMMENDED 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.

Ecology

Farnworth, Edward G. and Frank B. Golley

1973. Fragile ecosystems: Evaluation of research and
applications in the ncotropics. Springer-Verlag Pub.
Co., N.Y. 258 pp.

This is a useful review of the state of knowledge in
tropical eccology. The rcport is divided into six
sections which deal with topics such as ccosystem
Structure and function, impact of technology on the
environment and regional impacts of man.

Go]léy, F.B. and E. M~dina

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

This is another useful summary of current ecological
knowledge of tropical ccosystems,

Odum, Eugene P.

1971. Fundamentals of ecology. Saunders Pub. Co.,
Philadelphia, 574 pp.

This is an cxtensive text both for the beginning and
advanced ccology 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)

1970. A tropical rain forest. Division of Technical
Information. Energy, Research Development Administra-

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

ome which contains a large number

This is a technical t
ral years of work

of scientific papers summarizing seve
in the rainforests of Pucrto Rico.

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

1974. Coastul ecolouical systems of the United States.
D.C.

The Conscrvation Foundation, Washington,

compiled in the late 1960s, present
f knowledge concerning ecological
f pollution on a series

These four volumes,
an erxhaustive survey O
relationships and the effects o©
of aguatic coastal ecosystems.

Richards, P.W.

1957. The tropical rain forest. Cambridge Uriv. Press,

London. 450 pp.

presents details of the ecological

This classical work
nforest ecosystem.

and botanical aspects of the rai
Wood, E.J.F. and R.E. Johannes (editors)

1975. Pollution in the tropical marine environment.
Elsevier Pub. Co., Amsterdam,
summary papers which deal with

f pollutants on a serics
ing coral reefs,

This is a collection of
the effects of different types O
of tropical marine ecosystems includ
mangrove forests and seagrass beds.

Conservation

Bjérklund, Mona I.

1974. Achievements in marine conservation. Environ-

mental Conservation 1(3): 205-224.

an up-to-date survey of

Contained in this article is
blished parks and preserves.

the world's proposed ?nd esta
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Carlozzi, Cayvl A. and Alice A. Carlozzi

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

Numercus aspects of conscrvation in the Caribbean are’
discussed in this short book.

Carr, Archie

1973. 'So excellent a fishe: a natural history of sea
turtles. hAnchor 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 sea 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 preoduction 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 History 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 upon;ecological hazards which accompany
agricultural development.

Phillips, John

1961. The development of agriculture and forestry in
the tropics; patierns, 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.

Ecological-management 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 ccological considerations applied to the coastal
environment.
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Clark, John

1974B. Rookery Bay: ecological donstraints on coastal
developnent, The Conservation Foundation, Washington,

D.C. 91 pp.

.This highly significant report summarizes the conclusions
reached after many ycars of rescarch and study of the
Rookery Bay prescrve of south Florida. Emphasis is
placed upon inclusion of ccological understanding in the
planning process. '

Clark, John

1977. Coastal ecosystems management: a technical
manual for conservation of coastal resources. John
Wiley & Sons Interscicnce (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 Managcnment Institute

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

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

references.
Dasmanh, Raymond F., John P. Milton and Pcter H. Freeman

1974. Ecological principles for economic 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. Ecology and the less developed countries.
Ecological Rescarch Committee Bulletin, No. 13, Swedish
Natural Science Resecarch Council. 133 pp.

1
This volume consists of nine papers and twenty summaries
of pepers nresented at a conference held in Stockholm
in 1971. T~t:izs rance from "problems associated with
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protein production from wildlife in Africa " to
"aconomic development and the environment".

Megachern, John and Edward L. Towle

1974. Ecological guidelines for island development.
TUCN Publications Hew Series No. 30. Morges,
Switzerland. 66 pp.

This is the first publication in the sefies of which
the prescnt paper is the fourth.

The authors identify the adverse impacts of land use
activities on islands and present a set of guidelines
to assist planners and decision makers.



The International Union for Conservation of Nature and
Natural Rescurces (TUCN) is an indepecndent international
bhody, formed in 1948, which has jts headquarters in Morges,
Switzerland. Tt is a Union of spvereign states, government
agencies and non-governmental organications concerned with
the initiation and pramotion of scicntifically-based action
that will ensure perpetuation of the living world - man's
natural enviromment - and the natural resources on which all
living things depend, not only for their intrinsic cultural
or scientific values but also for the long-term economic and
social welfare of mankind.

This objective can be achieved throucgh active conscrvation
programmes for the wise use of natural resources in areas
where the flora and fauna are of particular importance and
where the landscape is especially beautiful or striking, or
of historical, cultural or scientific significance. IUCN
Lelicves that its aims can be achicved most effectively by
international effort in co-operation with other international
agencies, such as UNESCO, UNEP and FAO.

The World wildlife Fund (WwF) is an intcornational charitable
orcanization dedicated to saving the world's wildlile and
wild places, carrying out the wide varicty of progranmes and
actions that this ontails, WWF was cctablished in 1961
under Swiss law, with headquarters also in Morges

Since 1961, 1UCH has enjovod a .ymbiotic relavionship with
its sister organiza" >n, the World Wildlife Fund, with which
it works clcsely througshout the world on projects of mutual
interest. TUCH and WWF now Jointly operate the various
projects originated by or submiticd to them.

The projects cover a very wide range, from cducation,
ecolagical studies and surveys, to the cstablishment and
management of areas as national parks and rescerves and
cmergency prodgrammes for the safceguarding of animal and
plant species threalened with extinction as well as support
for certain key internaticnal conscrvation bodies.

WWF fund-raising and pubiicity 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.



