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FOREWORD

Many marine and marine-related acosystems are now in ssrious jeopardy
and action to protect and manage habitats of critiecal importance to
the survival of marine species is uwrgently needed.

IUCN has asked Dr. G, Carieton Ray at The Johns Hopkings Universgity,
Baltimore, Maryland 2120%, U.S.4., to undertake a study on the conser-
vation of critical warine habitsts whick involvee the identification
and description of such areas and preparation of plans fer their
conservation. The work is being carried out under a grant from the
World Wildlife Fund with additional support from UNESCO and the United
Rations Environment Programme,

One of the objectives of the study is to provide criteria for the
selection of areas to be set sside as marine parks or reserves and

to prepare guidelines for their management. Dr. Ray hag drawn extenw
sively on material available to him from many guarters, particularly
through his association with the Conservation of Ecosystems Program
which was carried out uptil late 1974 as part of the U.8. contribution
to the Internatiomal Biclogical Programme (Darmell et al., 1974). The
"National Workshop on Sanctuaries" (Lynch, Laird, end Smolen, Eds.,
1974) provides a background on marine Eaﬂctuar*es relative to impor-
tant new U.S. legiglation; the Coastal Zone Management Act of 1972

and -the Marine Protection, Research and Sanctuaries Act of 1972, and
thies is aleo referrsd to in this study. However, the point of view
expregsed here is more general, in recognition of the fact that prob-
lems and solutions differ in various regions and arsess.

detion hes already been ftaken in various parts of the world for the
establishment of marine parks and reserves. The recommendations of
international meetings, including the First and Second World Conferences
on National Parks {Adamas, 1964; Ellictt, 1974) have been important im
leading to action. Nevertheless, there im only a small aumber of

such reserves snd, unfortunately, due to the nature of the coastal and
marine enviroament, it is mrobable that few of them are self-gustaining.
Therefore, & brosd scosystem-oriented point of view is presented here,
particularly withk regard to the value of parke and reserves in ecolo-
gical research and in monitoring the jimpact of man.

The present paper has bean prepared as a working document for those
engaged in marine comservation in general or in the coreatiom snd
management of wmarine parks and reserves in particular. It is a
preliminary essay and is being circulated to attract critical comment
with a view to its revision and expansiocn.

The papsr is to be read in conjunctiocn with IUCN Occasional Paper
No, 14, "A Prelimiznary Classification of Coastal end Marine Environ-
ments”" by G. Carleton Ray (Morges, 1975%).
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Marine conservation has an ultimate gosl to incorporate the know-
ledge derived from marine ecology into the fabric and practices of
all societies 80 as to assure the maintenance of tie health and
productivity of marine ecosystems and the diversity of life withir
them., To work toward this goal, we must greatly amplify our efforts
to identify habitats which are critical to the survival of marine
gpecies and biotie communities, and evelve methods for their conser-
vation so as te exemplify how the broader aim may be reached.

The term "critical marine habitat'" is here taken to mesn those iden-
tifisble areas whick are vital te the survival of a marine species,
at some phase in its life cycle, or of a marine habitai, community
or ecosystem, because of the ecological processes that occur within
it. These may be extensive communities, such as mangrove-sea grass-
coral reef systems, or small areas, such as rocvkeries for seals, or
unique areas, such as lagoons which are important as whale breeding
grounds, or aven terregtrial areas, such as watersheds which nourish
an estuary.

It is recognized that in the loag rua there is only ome critiecal
marine habitat, the sea itself. The "marine revolutior' in whieh
mankind is mow involved, requires recognitior that civilization as
we knpw it, or ga iwproved life style towards whick we strive, i=s
dependent upon the heaith, diversiiy and stability of marine systens.
Terregtrial asreas alone cannot provide sgufficient food anéd other
materials fer the survival of wmankind, Our objective must be no

lesg than the comprehensicn and prsservation of marine syatems and
the cesgation of man's deleterions impacts upon them.

Such an objective is simple to state and has been stated in various
formes many times inm the past. The simple truth is that it is not
being met =~ notwithetanding many meetings and conferences with

their reccmmendationz, and the clear warnings which marine ecology
provides. The establishment of a few parks and reserves is a hopsful
gign, but is aleso only a partiasl approack, There is no alternative
to a massive, integrated effort ¢f scientists, secial scisatists,
lawyers, politicisnsg, and public relations personnel in a regiomal,
world-wide attack ox the protiem. Ecoclogical science muast take a
lead zince the primary need is to medify mants 1ife style tc the
realities of ecosysteme which he is far from understanding or con~
trolling in the sea and ccastal zone, but which he iz premently
destroying. The reverse approach ~- i.e. modifying the saz to man

or what has been called the ‘“"sagineering memtality" <~ ocleariy will
not work in the light of our presment knecwledge or for the foreseeebls
futurs.

How man handles the ¢oastal zone and the ocean commons is perhaps the
wost critical isaue of la problématique (¢f. the Club of Rome), since
these areas are currently viewed as a placebo to the. overusz of the land.

7
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Permaneny sclutiocns do mol lie in drawing ilines sbout what areas or
species arez to be expis#itsd snd what are nolt, nor dc they lie in
expansion of state's rights, mor in mwreservatien of tradition. They
lie in new directlons, particularly in scclegizalily-oriented, regional
applications ¢f system theory, in readjustments of 1life styles, aund

in alteratiens of prejndicial lines of thought.

One such prejudice is that which existe between indusirialized and
non-industrialized nations or sreas. 7The sonirasts between them are
real, but sach is desitructize in its owm way (¢ maripe ressurces.
Industrialized nations have alresdy desiroyed rescurces and have
expleited much oceant spzce ~- their cwn as well as others «- in their
short-term interests. However, there is svidence that this trend is
being reversed in some guarters, Comzervation practice and thesory
have advanced and, most sigpificantly, thase nstiorz have at lsast
addressed the meed to curb population and per capita comsumption.
Non~industrializsd nations havs destroyed more of thair marine
regources thar would at first ssew apparent. A fev have taken some
marine conservation action, suck as the eatablighment of parks and
reserves, but these offer are gestures toward the development of
tourism. Hary have laws on the books foz conservatiocn of habitats
and species, but these largely go unenforeced dus to shori«term
rescurce or sconomic neods. Moat dsngerocusz is the lack both of
technology for marime conservation arnd of population planning.

With the notable exception ¢f & very few "ecosystem pecples', the
nor-industrialized nations may face a worses and »2ven more immediate
crisis than the iadustrialized opes, should present trends coatinue,

S0 far, man’s approsch to "critical hebitats' heg been largely te
identify rare, threatsned, or endangered aress or species and to

make efforts to set them aside or protect them. Western wman, mostly,
has reacted emoticnally to loss of amesthetic velues or scisntifically
to loss of genstic resources while «t the same Lime eating, bresthing,
buying, selling, and therefore destroying, wkhat is common ox taken for
granted., The "protectioniet" aperoach swphasgizes z drawing of legal
or geographic boundaries, which do net reslly exist ecologiecally,
around what ie considersd, usually om a highly selective basis,
exploitable and what is znot. Such an epproach may save the rare,
threatened, or eadangered, for = time at leagt, bult only so long as
ecological support systems and processes are alsgo maintalisned. What
such an approach cannot de is prevent the common from becoming rare

or the clean from becoming dirty. Therefors, systems applications

are required aad this ig especirliiy true and difficult in the gigantie
"gink" we call the sea, or the tortusus ecoctone we call the coastal
zore. In this coastal zone the majority of the world's pecple live,
and the greatest diversity of life on earth exists; from it man
extracts sbout half of the proteiw he consumes, as well as a large
portion of his recrestion.

Should present trends continue, that ig, should populatien continus
to grow, should per capits consuaptiom sentinue to ipcrease, should
cosservation continue to be piecemeal, avd should man's astivities
have the effect of creating leaky, nom-viable ecosystems, then there
Wwill soom remaim but one endangered wmarine hahitst -- the zea itsgelf.
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I suggest that we take the approach that this "long-range" danger may
nov be upon us even theough we perfectly well know that the sea is far
from dead, that abundance and good environmental heslth remair in many
quarters and that restoration of many perturbed areas is ¢learly poss-
ible. Some areas need tc be set aside as parks and reserves. But the
overvhelming need is to meet the long-range goal stated above, The
short~range cbjective of protection of certain ceritical habitats dia
the route towards this end.

How long is "long-range"? I would guess that if concerted and dynamic
action does not proceed immediately, some now alive will live to see
it,

G, Carleton Ray
Morges, December 1975,
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INTRODUCTION

Threats and Solutions

It is generally acknowledged, on the basis of both fact and intuition,
that the seas are in jeopardy. Psllution abounds, overfisghing is pre-
valent, coastal development remains excessive, and there continue to
be losses in the productivity of many regions. Further we sense feed-
backs which imply loss of stability in whole systems. There can be no
doubt that the total impact of man's activities on the coasts and seas
is impresgive - and frightening in a world which still deludes itself
that the seas are a panacea to our overuse of the land.

The literature is extemsive on this subject. Hood, EQd., (1971) reviews
the pervasive perturbations of man omn the sea, and Clark (1974) summar-
izes problems of coastal ecosystem coaservation., Edwards and Garrod,
Eds., (1972) take an ecosystem-oriented approach to conservation which
reveals many possible new approaches from fisheries management to radio-
ecology in grappling with the many problems before us.  Ketchum, Ed.,
(1972) points out that natural coastal systems may no longer exist,
that "optimum human use' must be developed by means of models, and that
a major effort must be devoted to this task, The U.S, National Academy
of Sciences (1973) examined water quality criteria and found that major
emphases needed shifting, for instance, from lethal to chronic effects
and from diversity-stability indices tec the determination of "most
sensitive organisms' for monitoring purposes. Both of the latter
studies made z strong case for the reserve comncept, a concept largely
devoted to both preservation and research and which has evolved far
beyond early thoughts on marine conservation as implied by “parks".
Lynch, Laird and Smolen, Eds., (L974) review the application of marine
"sanctuaries" for purposes of mitigating impact, research, and momnitor-
ing.

Specific studies on the precise nature of man's impact, from geological
to biologiecal, abound. In a brillisnt, concise paper, Inman and Brush
(1973) cite impressive facts; for instance, '"If everyone in the world
decided to spend some time along the 440,000 km of world shoreline,
each person would have leegs than 13 cm of shoreline'. Although only

5% of the world's area is the productive continental shelf, about two-
thirds of the world's population lives there. These same areas receive
the bulk of man's impact in terms of waste discharge, thermal discharge,
dredging, mining, poaching, and coastal destruction, Further, they
point out that coastal waters bhave limited flushing capscity which
contrasts strongly with the mentality which statea: '"the sclution te
pollution is dilution".

12
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Turning to estuaries, which rank as among the most productive sreas on
earth as well as ameng the most threatened, Darnell {(1967) reviews the
mgny perturbations which vccur there and alsc states: '"The dreadful
problem that we face is that there does not now exist in ecientific
literature sufficient infermation tec guide ecologists in predicting
the detailed effects of major environmentel modificationg...'.

A sample scenario of the sortgs of problems encountered begins with a
study of Likens and Bormann (1974) which showed spproximately =z 1500-
foid difference in sediment yield between a clearcut forest converted
to farm and pastureland, and z strsam running through mature forest.
The differences betwesn that same sitream and a construction site in
Baltimore was about 20,000-1f¢ld! This represents vast differences

in the inputs of nutrients aund pollutanits between these three site
types as well. Loftus, Subba Rec, and Seliger (1972) studied responses
of phyteplankton to slferations in the physical and chemical parameters
of Chegapeake Bay and found that relative zpecies compositions changed
drastically. The conclusion raised by these two studies is: whereas

we cannot predict the exact impact of clearing znd coustruction on
estuarine systems, we can say that we are drastically affecting the
1ife support systems of essential resources te nman through ecologically
non~conforming development, Is such development, or the experiment
which could prove the final resuli, worth the rizk?

PTwo further sceparios are worth menticning. The first concerms one

of the most zesthetically and scientifically valued, aand highly
productive bicmes of =1) - that of corsl reefs. Johammes (1972) lists
the many serious periturbations of man on coral reefs; the total effect
is staggering. They dnclude a variety of activities from souvenir
collecting to siltation snd pellutien, the latter of which reduce the
clarity of water and have a serious effect osn coral, We are aware,
for instance, of the symbiongis between corals apd included algal
"zooxanthellae" and of the clesusing rates of corals, beth of which
mean that silty, dark water, as im caused by some ferms of pollution
and dredging, is inimical to reefs (Gorean, 196%; Lang, 1974). Even
when coral reels are ircluded in parks, their protection is not
assured, For instance, VYess (19793) has reported the "death" of patch
reefs of the John Pennekamp Coral Heef 8tate Park in Florida because
of outside, as yet unidentified, influvences. Strong pomsibilities

are pollution and dredge~and~fill asctivities.

The last scenario is a remiader that the perilis of pollution continne
unabated in many areas. Here, the literature is huge, dbult among the
most astonishing cases, to my knowledge, concerns damage to a whale
whick merely awam through the "boues rouges” (red muds) emanating from
an industrial site im Italy. Pichod-Viale {(1974) reports that the
whale died because of deep skin corresion and heavy metal impregnation
through the damaged skin. Though this iz an extreme casge, it calls
our gttention dramatically %o the pellution problem, and zlsc to the
fact that waters in many parts of the world are clesed not only to

the extraction of human food, but even tc¢ humsn contact.
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These are but samples of the problem of pertu%hation by man. It is
clear that the valusble resocurces of the sea will not survive without
deliberate managerial intervention on their behalf. However, it
appears unfortunste that to date national and international agencies
have been only partially able to cope with problems of perturbation.
So long as civilization's pattern of growth ig sustained, the road to
ecocatastrophe and the collapse of many cultures as we know them is
assured. Nevertheless, whereas it is c¢lear that ocur uses of coastal
and marine systems must be altered so as to preserve their productivity,
it remains to be seen how extensively ecoleogicel concepts will be
incorporated inte actual practice. It has been said that if history
teaches us anything it is that man does not learn from historyl
Civilizations from Mesopotamian to Mayan have collapsed due to
environmental ebuse and there is no agsurance that any present
¢civilization is immune. For example we no doubt recognize problens,
but it is astonishing how readily we reach for the quick technological
"fix". Forbes Magazine {(January, 1975) carried an article describing
an underwater bulldozer, developed in Japan, 47 toms in weight and
costing about $§70,000, which some ccastal city mayors see as a solu-
tion to their beach erosion and restoration problems! There is little
doubt that there is insufficient appreciation of the wvalue of solid
ecological solutions (some of them free) for the already very wide-
spread damage suffered by marine systems, nor that environmental
damage threatens the support base of man himself at a time when his
population is still expleosively expanding and hie per capita consump-
tion is increasing.

Inevitabl rotection of coastal and marinsg s stems will interlock
with the Law of the Sea, I have spo en of mafn's dependency upon the
gea as the "marine revolution", in anslogy with the previous, and
still continuing, agricultural and industrial revolutions (Ray, 1970).
The point was made that traditional legal systems for the sea are not
in accord with what we know of marine systems and although that paper
is out of date, one etill finds only a modiocum of ecosysitem thought
in the 1LOS discussions. There ie still an over-riding concern for
"vields" and "products’ and a weakness in the formulation of long-
term objectives. And there is very litile planning which identifies
systems as the proper units for management. These matters were
examined at a recent Workshop on the Conservation of Wild Living
Resources (Ancn, 1975) which stressed the failure of international
management of ocean fisheries. World catches have increased, but

the rate has slowed despite an increase in effort and some marine
resource populations have not proved able to withatand fishing press-
ure. The Workshop redefined some principles of the 1958 Geneva
Convention by the addition of several emergent ecological principles.
Most significently, it defined resources as parts of their ecoaystems
and called for conservation of ecosystem and population stability.
Peculiarly, neither the Workshop nor LOS discussions seem to have
considered in much detail the relationships between coastal and open
ocean jurisdictions and managemeant, nor the role of critical marine
habitat identification and protection.
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Clearly, systems cannot be divided on the bazes of legaliistic procla-
mations about territorial limits any more than they can be separated
by what is a "product" and what is mot. The first is a largely econ-
omic spatial decision, the second a vaiue judgement, and both are
ecclogically unsound. A current exzample concerns the role of the
Waddensee. The value of this ares as a nursery ground for interw
national fisheries is well knowa biologically. Living resources,
that is renewable ones, are c¢learly of greater value than non-renew-
eble ones, as there is no theoretical l1limit on the $ime during which
they may be exploited. Yet the decision by seme coastal states which
have jurisdiction over the Waddensee, or which influence it by pollu-
tion, is reverse -~ its value is 3een as more important as real estate,
as a dump, or for aextraction of various non-renewable resources.

What responsibilities do zoastal states bear for stewardship of this
critical habitat which clearly influenceg an entire ecosystem beyond
their jurisdiction? What is the ecological unit, how can it be
legally described and how cap it be managed? One hopes that the UN
Conference on LOS will come to terms with such guestions.

Law of the Sea discussions and sub-discussions go on, seemingly ad
infinitum (and often gg rauseam), but in the meanwhile, part of the
answer to marine conmgervation is netional and regionzl efforts to

selt aside parks and reserves. Genetic and ecclogical systems ars
valuable naticnal and interanational resources which are thsoretically
perpetually renewable, but which are fragile. When they are gone,
they are gone with finality. Mankind must protect samples of each
major and minor type of habitat end community in order that ecosystems
themselves will be made known and protected. In the history of conser-
vation, early efforis towards the esteblishment of reserves dealt
largely with species proteciion, mostly thoese that were endangered or
of interest %o sporitsmen or commerce. Associated with this was the
protection of areas of sgcenis or hisgtoric vslue; gtill, the intent

was to preserve what was conceived "endangered'" and the objectives
were not truly ecologic. How could thay have been? The science of
ecology did not truly exist at that time., Iater, habitat protection
came to be entrmined im these objectives, but it has beeza ali too
recently that we have veamlized that in very few cases indeed are
"protected"” habitats large enough to preserve the elements necessary
for their continuity or the species they contain., A reason for this
is that the natural communities which we Beck fo protect are not
stable in time or space nor are they independert of their ecosysiems.
Migratory species, as many fish snd marine mammals; are only protected
in part by reserves set up fer them. Further, the limited size of
resarves implies that there will be loss of species and genetic diver-
gity and control cver the fate of the reserve is not possible within
the reserve itself, What we will be left with in the end are a series
of fragile, simplified habitats in an otherwise altered land or sea-
scape, that is, "islands" which are highly unatable and which can
hardly he called "matural" at all. These statements rest on the
theoretical work of MacArthur and Wilson (1967) and upon such analyses
az those of Diamond (1975) and Terborgh (1974). These have important
implications. in conservation.
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Thus, very recently and largely through the rise of ecosystem science,
we have come to know that what is really vital is the preservation of
processes - evolutionmary, geretic, and ecological. This is something
we do not sufficiently understand, but it is not altogether intuitive,
For example, we know of nutritional processes involved in the detritus
food chain which makes mandatory the preservation of coastal producti-
vity (Darnell, 1967; Odum and Hesld, 1972). We know of nutrient
"short circuits" in the sea whereby organisms moving through ocean
boundaries tranzfer nutrients in ways that current structure cannot
explain (Walsh, 1972). We also have begun to understand the important
role of predators. In large fresh water systems the c¢rocodilians have
been shown by Fittkau (1973) to be important in nutrient cycling and
pooling, and the loss of these predators may result in a decline in
local fisheries. How extensively this may apply to marine systems

is not known, but analogously, Estes and Palmisano (1974) have indi-
cated the importance of sea otters, Enhydra, 1o maintaining the com-
plexity and productivity of their inshore habitat through their
dietary habits, alterations in herbivore populations, and resultant
changes in aquatic vegetation. These results are exactly opposite

to the widespread feeling that getting rid of predators will leave
more for man's harvest or has little scosystem effect! They also
serve to remind the oceanographic community of the importance of
predators in maintaining oceanic ecosystem stability, a feature which
has been regrettably too little comnsidered in their overwhelming
emphasis on primary productivity. The role of large predators in
nutrient transfer, nutrient pecoling, and the maintenance of prey
diversity ("predator effect") has been established for terrestrial
systems and there is increasing evidence that this applies for aquatic
systems too. Paine (1966, 1969) has identified "keystone' species as
those which have a major environmental effect. The identification of
such species is of profound importance.

All components of ecosysteme, large and small, play a part in the
maintenance of ecosystem structure. Woodwell (1974) warns about the
consequences of loss of this structure. He issues & clear warning
about the exploitation of the "assimilative capacity" of living systems,
a bit of jargon that has come to be a standard of dangerous compromise;
indeed "assimilative capacity" is a bit like "no significant effect" in
that neither may exist for many of man's perturbations. Woodwell
further states: "Clearly 'stability' at the level of the biosphere is
of advantage to man'" and he cites a lawyer's maxim in a plea for an
international "no release' policy for pollutants: Sic utere tuo ut
alienum non laedas or "use your own property so as not injure another's",

In a related sense, Holdrenm and Ehrlich (1974) call to our attention
the "natural services" of natural systems: food production, conversion
of wastes, control of the majority of pests and diseases, and storage
of genetic information. No technology of man, now or in the foresee-
able future, can perform these services to the extent necessary for

our present civilization's continued support{ cn this planet. They also
point to & vastly important fact of life, that man emphasizes the
productivity of systems, whereas nature emphasizes stability. No more
pertinent example can be found for the man-nature conflict. Thus,
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ecosystem evoiution progresses towards ne net community vroductivity
because mature natural systems recycle nntrieats efficiently. Man's
"gystems", suck as farms, are zimplified and recyecling is minimal.
Further, we csnnct depemd on the Hceans to solve the confliet.

Holdren and Bhrlich point out that its wast bulk is deceiving; 99%

of oceanic productivity takes place under 10% of its area and half of
that ig in the 0.1% where ceoastal upwellings predominatsz. According
to lats FAQ figures, we are aiready harvesting over half of ths poten-
tial protein of the sea; at the aame tiwme, we are destroying the sea's
production potential. What the result has been on stability is not
known, but clearly there is conflict with natural processes znd
services.

I have previcusly asbtempted tc enmphasize the ecosystem approach to
marine parks and reserves (Ray, 1972 and 1974%). Ray and Norris (1972)
have emphasized the ''regional manzgement™ approach to marine resource
management. This mezns that we muat plsce our effcorts on two levels,
the first of which involves systess concepts and the second of which
involves implementation; put another way, we must evolve a strategy
for marine habitat protection and, flowing from this, a fechnigue for
procedure. We must employ mulitidisciplinary efforts and effective
information transfer so that our efforts will not ke isolated. And
we must do these things rapidly.

These are comvplex iggues; but we must not await the accumulation of
compiete knowledge - an impoassibility, anyway - befors taking signi-
ficamt actiom. Wallis (1971) was among the first to review the marine
parks of the werld. He laments that '"past conservation action hasg
stopped, to a great extent, at the sdge of the sea; resources beyond
were ‘vut of sight, out of mind'“. As far as parks were concernsd,

he was abzolutely correct. Bjidrklund (1974} gives the most recent
review of marine parks end we see that even now these protected areas
are pitifully few. Bvep more noteble, thers are few nations which
have taken the ecoaystem approach Lo marine conservation and none
which have ftruly implemented it. That is, the park/reserve/sanctuary
concept rapks highk, but what has not been songidered In nearly enough
detail iz how their establishment will male enough of an impact on
man's perturbations so that present irends may be reversed or at least
intelligentiy monitored. This clearly invelives coneidering the long-
range biological hezith of proftecited areas, their relationships to

the marine and tervesirisl eczosystems on which they ars dependent,

and their ubtilizaticn for research and moniiering. Utilizsiion for
recreation, as implied by "parks", i certaiply important, but remains
suhsidiary to these broader ecolegical objectives.

Other aspects of thiz problem are that "parks" and "reserves" are set
aside by boundaries which are almest always escologically "leaky" and
the very action of "setting aside" raises conflicts with thoase who
often would benefit most from marine conservation, Mozt notably,

sport and commercial fishermen nesed more, not less, congervaticn action
in order that the nsbural productivity oum which they depend may he
preserved. However, fishermen oiten stsnd against reserves in fear
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of loging "rights". Similariy, hotel and properiy owners fear losing
property value. Strangest of a2ll, seme who purport to appreciate the
beauties of the sea (shell and coral cellectors, for example) do not
wish favourite areas to be put off bounds, but continue to exaci a
stupendous toll from the sea. Therefore, park and reserve establish-
ment is seen by many to be in competition with their interests, when
actually it is precisely the opposite.

Another aspect concerns the setting aside of "research natural areas'.
Many short-sightedly object to the removal of areas from full utiliza-
tion by the present generation. Oan the other hand, Meir (1972) points
out that to some, conservation requires development; they object to
large areas being devoted to narrow scientific and educational purposes.
Is not knewledge of how systems work at the heart of the matter? That
is to eay that even though we overcome obstacles, our vistory may be
Pyrrhic. It is not sufficiently appreciated that such action will
result in only limited ecosystem~procsss preservation. The most vital
use of such areas may lie in the monitoring of man's actions, in
research, and in the use of these efforts to mitigate thome actiouns
through wmodifigcation of them. Research and monitoring in natural
aress muet determine which of man'’s sctions are comoatible, which
prohibited, and which toc be modified. The standard must clearly be
ecological, not socio-economic, and these determinations must be made
on a site~specific basis (McCormick, 1975).

There is a great difference between developed and lesser developed
nations in their approach te these issues. The former tend to be
"preservationist! and the latter seek "development!. But with regard
to monitoring of man's actions, their needs converge. The Man and
the Biosphere Project 8 on "Conservation of Natural Areas and the
Genetic Material They Contain'' clearly recognizes this and has made
an effort to define "biosphere reserves" (UNESCO, 1974) which we find
to be the c¢losest present approximation between rsserve purpose,
ecological reality and the desirs of many nations to monitor and
control development. But it must also be zpphasized that these
reserves 4o not replace the older "park" and "reserve" definitions;
rather they augment the park concapi.

"The concept of bicsphere reserves involves a broad philosophy
of conservation. The great changes in the world in the last
decades have made it clear that a nevw dimension in conserva-
tion action is required, to provide both for the perpetuation
of the earth's living resources in all their varjiety, and for
the proper study and understanding of the change affecting
them -~ for the future use and enjoyment of mankind. The
international network of biosphere reserves is iatended to
provide this new dimension by the maintenance of ecclogical
processes on an appropriate scale. The concept of bicsphere
reserves may be viewsd as an approach to maintaining the
integrity of biological support systems for man and nature
throughout the whole biosphere. As such, it involves conser-
vation, restoration, and the scquisition of knowledge for
improving man's stewardship of both the domesticated and wild
countryside'’. (Emphasis supplied).
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X have underiined what I believe io be the most salient thoughis
which, if underetoecd on an eccsystem Jevel, dsscribe the magnitude

of the task vefore usz. Indeed, the emphasis on processes and staward-
ghip iz ne small matfer, No lenger can the “setting asgide" of marine
areas for their amenitiss ziome, as '‘'parks"” imply, be our isclated
burpose, for the ecological health of such encompagsed areas cannot
be guzrantesd by this means alone. We must alsc learn to :nink in
terms of the health of the system within which reserves are located.
No longer may we delude ourselves by calling park establishment
"ecosystem protectiomn”, Furither, the surveys we undertake for the
egtablishment of msrine parks and reserves must izcorporats a new
jevel of sophisticatior far beyond the lsvel of platitudinous recos~
mendation.

It is widely recognized thaet a classificetior schame for biotic
provinces and habliiats is a necessary first sirategic step to guide

an inclusive selection of reegerves, 1t should alsc gerve to bulld
redundancy into the regerve system to circumvernt lcas freom patural
catastropbes or the insdvertent activities of man. Xt is not possible
to define marime diogeography in detall at present, bult it is poussible
to srect a pragmatic achems., Therefore a tentative slassification has
been provided in the form of =2 companicn paper to ihis ore (Ray, 1975).
This is, aecessarily, a brief summary and iz to be taken as & poseible
voint of depariture cnly. Dasmann (1972, 19732) and the IUCKN (1974)
have suggested classificaitions fer terresirial bicetic provinces, emphaw
sizing vegeiation. It would be facile to say that a vegetaticnsl
clagsification of marine diotic provwinces is impossible, yet there

are some habitats for which it ig eswential, namely sea grass beds
where the pature of nutrient recyeling clesely approximates the
terrestrial condition and where vegetaticnai characteristics predomi-
nate. Unforitunmately, no soumprehensive vegetaticonal or floristic
classification for the sea exists. Fresently, water mass chavacter~
istics, in combinatios with benthic structure and zcogevgraphy,
dominate marine classificaiion schemes, placing a level of complexity
znd dynamizm oz them with which those who deal with terresirial
sygtens are not usuvally familiar.

& gecond aort of classification is that for protected areas, snd it
crosses both techpique and strategy. That of Dasmann (1973b) posges
soms difficultiesz when applied to aguatic gystems am thers iz probsbly
no such thing sa a "strict rature reserve” anywhere in the sea,
Downsiream effects aud the mobility of the living andé nomn-living
congtituents of the hydroaphere mean that only a very looss defimition
of thim terr in ccastal or marine envirocnments ie possible. Nevere
theleae, we 40 ot propose %o argue such peinss in detail here.
Dagmenn's terms are guite suffigient for prezseut purpeses, though

this paper attemplis to redefine and simplify them sxplicitly or
implicitiy.



Ecodevelopment

The Lamb misus'd breeds Public strifs
And yet forgives the Butcher's Xnife

Auguries of Innocence

William Blake

But who are those that see no such dichotomy, who depend upon, love,
worship, cajole, fear, use, or misuse their environment directly,
and who have neither "public’ nor "butchers'"? Conservation is an
activity required becausme of the impact of imdustrialized,; ''biosphere
man'', whereas "ecosystem man' had no need of it. These terms are
used by Dasmann (1975a) te highlight the difference between "all of
the members of indigenous traditicnal eultures and some who have
seceded from, or have been pushed out of, technclogical scciety" and
“those who are tied in with the global techmological civilization'.
Dasmann draws on the term "future primitive' of Gorsline and House
(1974) for a new direction in both life styles and conservation:
"This doez not mean the rejection of the best of modern technolegy,
but it does mean the avoidance of the worst. It does mean using the
tools and energy that are still available to create something perma-
nent, to create a way of life that ¢an be sustained. In such a way
of life, nature conservation would necessarily be taken for granted,
since people will recognize that their future depends on the health
and diversity of the natural worid."  Dasmann (1975b) enlarges on
this issue, calling attention te fThe need to push responsibility and
authority back to a mere local level, reminiscent of Schumacher's
(1975) marvellous title: "Small is Beautiful. Economics as if people
mattered".

Recently, I have queried: "How can tradition, utilization, and son-
servation be made compatible im the sea?' (Ray, 197%), also pointing
out the many conflicting traditional ueges of the ses and the rapidity
with which new traditions become incorporated into culiure'’s fabric,.
What is not traditieonal is an escological basis for human behaviour,

It would be a great error tc equate traditional, subsistence cultures
or ecosystem peoples as "'right" and industrialized peeples as "wrong',.
The above definition of Dasmann aveids doing so.

Yupiktak Bista (197%), a publication of an Alaskan Eskimo corporation,
asks the fundamental questien: "Does one way of 1life have to die so
another can live?' It reminds us: '"When the balance or circle of life
as it has been called is broken, birds and fish and animals begin
disappearing from the land. When they are gone, 8o are the people

who depended on them...Poverty has only recently been introduced to
native communities. Up until a hundred years ago people were living
a finely balanced economic relationship with the land." This is a
moving statement, but does it =till represent a useful position for
traditional culture and if mo which ones and to what extent? Surely
there are places where "cultural impact statements' need to be made
as much as “environmental' omnes, in the face of "development'}

19



20

There is a maundate that conservation, no lsss fthan exploitation,
recognize traditional and substence righte. This not only culti-

vates good will but is part of the fabric of simple justice. Never-
theless, "traditionsl" activities do not long rewmain compatible with
sither their own origins ner with the dynamics of ecogystems. They

sare subject to exterral influences and changing technology in exceed-
ingly subtle ways which often escape the attention even of scciel
anthropolegists. They alse charge through the increase in populaticns
of pecples recognized as "traditionai' or "sboriginal' or "azubsmistence-
eriented”,

How will it be possible tc reconcile these problems? Ferhaps "ego~
development" is an answer. The Government of Papua New Guinea has
tentatively definad a set of guidelines, guoted here from IUCN (1975):

"l1. ALl ocur peocple have the right to a safe, heaithy,
productive and culturally satisfying enviromment
which permits a life of dignity end well-being.

2. We are the truatses of the enviromment for future
generatiocns and our approach ¢ development must
reflact this,.

3. Pollution of land, air and water in quantities
which zzusge the degradaitlion of the environment
must be sondrolled.

L, Havitat and wildlife mmnagewent wpust receive con-
sideratier in planning our development.

5. Protecticon and enbancement ¢f the environment
reguires education directed toward Lliving with
cur emvironment,'"

These guidslines recogaize the people’s rights to be invelved in degw
igiona about accepitable patterns of devslopment. They recogrize enlt-
ural and envireonmentzl valnes together and ths danger im sacrificing

these for short-term sconomic gains. They are close to the cencept of

the "future priwitivae’, d.e., the achievement of a world~wide ecelogieally
and culturally sustainsble way of life. The true wmeaning of "ecology" is
brought back for "ecodavelopment” uniites man snd nature,

It is particularly imporiani to deveiop meams by which marine conser-
vation may be integraied inte patiterns of ecodeveleonmsnt, bullding

from local knowledge and customs, and taking into scconnt traditiomal
uses of the szea. Such an spproach would limk conservatior with increas-
ing the econemic welfare of pecple in ways that are ecologically sustain-
able and can therefore e enduring. This will not be accomplished by
the same means averywhere. Thers is no moere a social conwen denominator
than an economic ene for describing 'value". As McCormick (1975) points
cut: "A written document organizes =md presents altermatives, but ths
same policy cannot always be spplied effectively everywhere. Local
accommodation to specific needs and problems is the best mesnz of sale-
guarding the critical habitats to be protectsd.” This does not iaply

a dilution in effort, but rather the gaining of strerngth from parallels
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betweaen oculiure, ecosystem, and the aspirations of pecple. Escdevel-
opuent needs to be explored as = means to that end. The nature of
parke and reserves will be dramrtically different in varicus parts

of the worlé as & result.

Man is forced, pemding much grsater scologieal kmow-how, still teo
vlace as his highest priocrity the protecition of ecosystems ard to
interfere with them as little as possible. He is far from contrcl

by means of knowledgeable mamipulation. Therefore he cannet place
socio~economic values befcore ecological ones. VYet, to imply a sharp
line be drawn between the twe would be a great mistake. Unfortunately,
congervation is yet in its infancy im wuniting the tweo.

The Nature of Marine Ecoaystems

Before we procead, it is useful to consider the nature of the seas

in general and the transitional/dynamic maturs of the coastal zone.
Three considerations are parsmount. Firszt, no~one owns most of the
gea and this vast ares of res nullice or res communis, whichever the
approach to resources, impinges im important ways upon sress of
national jurisdiction. £ecvond, our knowledge of marize environments
lags far behind that foxr terresirizl environments, Third, ecosystems
are the largest furctional units of the natural world, characterized
by recysling of materials and properties of homeoatzsis.

The following salient points on the neture of marine and coastal
systems are adapted from Ray and Norris (1972}, Cronin, ed., (1974),
and Darnell (inm 1it3.):

l. Size and Mobiiity. The scale of marine systems confounds
thinking based on terrestiriesl models., The largest scosystems
by fsr are marine and we cannot aspire to imelude them, in toto,
in parks and reserves., Tertain exceptions to this statement
exist, of course, but this is s gensral pattaern with which we
must cope. Whereas large.acale mobility or migratice of major
ecosyatem biomass is more the excepiion terrestrially, it is
the rule at sea. Whole fractions of ecosystems move great
distanceg, limited omly by behavioural and physiological
tolsrances, or by the sessile or sedentary habit of =mome species.

2. Predominance of Water Current Among Environmental Factors,
Of all the factors of the aquatic enviromment, water current
is provsbly most important in the lives of marines crganisms,
and an waderstanding of water curreats is basic to aquatiec
system mansgement, Currents provide transpcrt for many marine
organisme and their development stages. They transport chemical
nutrients and particulate food., They bring in oxygen and remove
wagtes. Their force determines, in large measure, which gpecies
may exist in an area. Currentg also determine the cuantity of
freshwater »nd saltwater which eater an estuary and the overall
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circulation patterns may determine the temperature of a protected
body of water. They also trigger events. Managewent of a coastal
or marine areaz rests on maintaining the normal current patierns

as well as their seageonal volumes and regularities., Management
must also be based on sz understanding of curreants in order to
control upstream events which might reduce the guality of the
water bathing in area.

Ecotones and Transition Zene. The shore and coastal zone do

not separate land and sea, but unite them. Neither geologically
nor biologically can the ceastal zone be defined as a complete
ecosystem; it is the interface betwsen two systems and, characs
teristic of such ecotones or transition zones, is immensely
productive as a resulft. For this reason, marine reserves should
not end on the shoreline, but should incorporate adiacent land
areas, either within their boundaries or in their management
plane.

Boundaries. The sea is not a ceontinuum, though the boundaries

can be subtle. Thne zsa's texture varies with eddies, circulatioun
cells, currents, upwelling, salinity, and temperature; and any

of these may form boundaries in addition to phyasiogrephic
boundaries by which terrestrial environmente are largely separated.

Dimensionality and the Living Hydrosphere. Life exists on land
as a thian surface skin surreunded by an atmosphere which is
uninhabited on & permanent basis; thus, terrestrial systems are
largely two-dimensionzl. The sea is a "bouwillabaisse” of
organismg, nutrients, degradation products, inorganic chemicals,
and poliutants. This "livieg' quality of the hydrosphere, in
contrast with the "abictic" aitmosphere, adds a2 third dimension
of large scale to marine systems.

Physiological Continuvity. Most aguatic animals are not "sealed

of f" by wvirtue of a relatively impervious skin, as land animals
largely are, Most aguatic organisms are in physiclogic continuity
with water and are generally very susceptible t¢ foreign substances,
pollutants, or nutrients, which enter their boedieg with facility,
then quickly are incorporated into the trophic structure. Excep-
tions, of course, are the air-breathing '"re-entrants”, i.e. the
aquatic reptiles, birds, and mammals.

Inverted Pyramid of Biomass. Terrestrially, the grestest biomass
is found in primary producers; much is locked into the "bottleneck
of ecosystems", cellulose, which is slowly degraded and recycled.
Aqustic systems, with the notable exception of algal beds; sea
grass beds, and some reefs which are dominated by algae, do not
have the greatest biomass at the lowest trophic level. Rather,
phytoplankton productivity compensates for the lack of biomass

go that production on an arnual basis is very great, but the
amount of plant material prezent at any one time is usually far
less in weight per unit velwme of habitat than that of the
consumer levels.
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The "Sink". "Downstream Effect?, and "Short-Circuits',

Ultimately, rainfall and land drainage carry terrestrial and
atmospheric nutrients, pollutants, and silt to the sea. Thus,

the sea has been called a 'sink". Forests, estuaries, and

marshes are natural "filters" which retard the process of passage
of products, either harmful or beneficial, to the sea, The
"downstream effect', as the name implies, refers to the mobility
of silt, pollutants, nutrients, and organisms over great distances
and to the effects in their wake., Organisms and their food chains
move through oceanic features both laterally and vertically, often
against currents, and provide "short-circuits" (Walsh, 1972) to
nutrient and pollutant transfer, the magnitude of which we have
only begun to suspect. These are among the features which make
the protection of marine environments so very difficult.

Eutrophy. Oxygen supply is taken for granted in terrestrial
environments, but it can be critical in the sea. Eutrophy

refers to the over-enrichment of a2 body of water so that it
becomes so productive that the biological oxygen demand may

reach levels beyond the oxygen supply, thus depleting this vital
substance and causing anoxic conditions., Large-scale die-offs
of cxygen-dependent organisms may result. Particularly vulnerable
are estuaries, lagoons, and the relatively stagnant bottom waters
of fjords, snclosed seas, and oceanic trenches. The danger to
trenches may be a surprise to some, but the suspicion grows among
marine scientists that the life of trenches is presently endan-
gered by the degres of dumping that occurs in some of them.
Should organic wastes be dumped there in sufficient quantity,
those poorly circulated waters could become anoxic and much of
their characteristic biocta would perish.

Dynamism. Spatial and seasonal alterations of inshore features
reflect some of the most dynamic of 21l natural processes,

exceeded onrly by earthquakes, floecds, vioclent storms, and
vulcanism. Shorelines, dunes, banks, and shoals move to change
the faces, even the boundaries, of whole marine systems. Dredging,
bulkheading, channelization, damming of rivers, and other attempis
to contain or alter natural geomorphological processes are usually
doomed to failure aud are creating great problems (Inman and Brush,
1873). It is difficult to establish reserve boundaries which
encompass such natural alterations as the movement of inlets,
banks, and beaches. It is also sometimes forgotten that natural
geomorphological change creates new habitats critical to the
existence of certain organisms; for instance, certain shore-birds
depend on new or recently storm-scoured sand beaches, Such
"sterile'" beaches are not solely the habitat of the beach buggy!

Summation

Perhaps the point is now clear that the strategy for environmental
conservation falls within the realm of ecosystem science, that it is
an immensely difficult ecological-social problem, thalt the descriptive
rhase may begin systematically with the aid of a clasgsification scheme,
and that techniques of description and implementation should flow from
this base. A lengthy discussion of conceptual appreoaches to marine
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esogysten preservaticn is net appropriate here; some thoughis on the
pature of marine systemz have been exprezsed and hopefully will suffice.
The bulk of this paper is mere related te establighing an approack than
to theory: some agpecita of this are diffieult enough in themaelves.

For imstznce, for reqguired detail, we will have eventually to employ
workshops to elucidate such guestione ss: "What jurisdictional wmethods
shall we 2mploy to Tasolve confiicts betwsesn recreation, flehing,
congervation, and mineral exploitation adjacent to or within maripe
reserves?” ""What traditional valuem are ecosystem-sompatible and

vhick are not?" "¥What are ihe ianterfaces beiweenr land-oriented and
marine-oriented comservaticr practicee?” "'How do geomorphslogical
pirocesges affsct Jurisdictions imvolved in marine habitat comservation?”
"What are the indicateor apecies which we wish to employ in the moniw
toring of reserves?” YWhet is the nature znd extent of the buffer

zone in protecting the core resmerve?” "How will the many national

and international agencies responsible for {or interested im) marine
congervation ccordinste their diverge (or conflicting) efforts?"

Fheme ave among hHhe many emerging matters which are dependent upon

a sophisticated comprehensior of marine systems. Mocst are already
receiving sowme attention in varions guarters, but integration &f
intsrests is not yet sufficiently sitroang.

In comclusiom, there are two consurrsnit considerations. HFirst, ve
wugt work towardes the identificasion of Y"eritiecal” areas and the
"buffer' zones upon which the integrity of the critical sreas depends.
The gelsction and deseriptior of criticesl areas must be done in auch
a way that many naticmal and regional eofforts are compatible and
comparatize. The sslsction of what is “critisal” must be according
to a set of agreed criteriam. Some speeifilc reservs function or szei
of functions for selscted mreas must He identified from the start.
Second, we must work to eyelive a ceomlaxt for operation, based upom a
clagsification scheme snd s format for informaticn gathering for
marine and esiuarine nabitats. These twoe aspecte should evolve
together, not necesanrily sequentislliy, aud guidslines for conserva-
tion management will evalve direcily from the level of our wnder-
standing on all levels, zeological to social.

The rationale is: givem we do mot understand ecological processes

well encugh to be able to pradict tha effazste of man's perturbstions;
given our desire to proteet the integrity of mature; given that marine
and estuarize mystems are teou large to protect by msans of reserves in
their entirety; given that the existencs of a diversity of biletic
provinces, hebitats, apecies, and cultures of mem is probably reflec
tive cf eccsysiem procesmes in all their complexity; therefore, let

us set about assuring that diversity im all its aspects im repressated
in protected areasm for the principal reason of understanding thoms
preocesses snd formulating proecedurse for man'a scijons which will
neither Jjzopardize them ner -~ in the long run ~ man himaelf, As =
corollary, we wmust see our efforis not merely directed towards the
protection of prisitine remmants of man or pature, but also towards

the restoration of hsbitats within already devastated, despoiled, orxr
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perturbed areas (New York Bighbt, Florida‘’s coast, the Baltic and Medi-
terranean Seas, the seas aboult industrisiized Japsn, some reefs of
East Africa, Hawaii, ete.). We must sllow that man will soon have
within his grasp the improvement of many areas eas, for instance, is
indicated by ocur stated desire to develsp mariculiure and to maintain
the productivity of wetlands.

There are clearly ecological, life~style and philosophical matters to
be considered in our endesvours. Not all people or places are the
same, nor should tkhey be. The study of history, archaeclogy, and
palaeontology give us a sense of the past and the fact of evolutionary
changs, The zcience of ecogystem ecology, with man as an integral
part of nature, cam aid in the development of the ethic that the only
iregerve! is the Earth itself. The prasarvation of dits and pieces,
a8 "parke" or "hiosphere raserves', is an essentiazl interim measure
vhich will be necessary so long zs man camnct pelice himself and
remains igaorant of - or ignores -~ aatural processes. Ecoaystem
science, in our view, is thus sssential, both in the reduction of
ignorance and the svolutior of ethical velues.



BACKGROUND ON DEFINITIOHS AND PRINCIPLES

Torminology

Definiticns are imperiant, but must be iaterpreted with flexibility.
It is mot uszful te guarrel cver memantics though it is cbviocus that
terms have guite different meanings according to language and local
cugtoms, The vitsl matters are thet habitats be preserved, that the
purpose of pretected areas be well-defined, and that they be managed
according to ecological kuowledge and =z set of emforcesble and
realistic guidelines, not that names msrely be applied ts areae for
which thore is nt real managesent or sitsted purpose.

Nomenclature fslls into two categoriea, tiile mnd fuunctien. By

Ytitle" is meant mimply what we wall the ares. Function is comnsidered
below. Dasmann {1373a)considers aspscts of Both for iterrestrial pro-
tected areas, but it iz my belief that we ¢can make a simpler effort
here. Belying this ie the summary given by Bidrklumd (1974) in which
52 marine reserve names are now in use! Nevsritheless, s few examples
may suffice to clarify. Blumberg (1974) describes "manctuaries" in

the Commonwealth of Massachugetis; thess actually deseribe administra-
tive zones for contrel or pravention ¢f aectiwidties on the zes bed,

such zg comstruction, removal of sgnd or gravel, iancineration, dumping,
and the dizcharge of coolant water., Thus, such a "sanctuary” is
hardly complete, but serves c¢ritical soatrol purposes. The T.8,
Depzrtment of the Imterior (1973 a, b, ¢} takes 2 broad view inm
defining an "ecclogicel range" as sncompassing entire or mesrly entire
biotic uniis or ecosystems substanitizlly uwnzaliered by ths actions of
man and "areas of ecological concern' as those which "gontain rescurces
that are part of the total ecosystem; and which if compromised, could
endanger resources withim the proposal'. Clark {i974) identifies
"vital areas'", "aress of environmental comcern™, snd “areas of normal
concern” which he moites are amalogous to the "preservation®, "conser-
vation”™, and "developmsnt! zones established by the State of Florida
(mee also Johnson, 1974). Last, "research matural sareas" deseribes
both titie and function and is & name extensively uased im the U.S.

It is even isncorporated into the Fsdéeral Committee for Ressearch Hatural
Areas whick iz currently sttempting to idemtify such placez where atudy
csn be made of gene poolg and the structure and function of matural
communities %o provide bageiine data for leng-term womitoriag of
environmentsl quality.

In short, names are impertant, but they shounld net <¢loud the major
issues of ecosystem preservation through the esztablishment of s series
of reserves. For purposes of this paper, four terms (titles) are
paramount:

1. Reserve. An inclusive term for any area which is set aside for
special purposes and for which management guidelines are estab-
lished. Mozt of Dasmann’s (1973b) terms apply. Thus, s marine
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“reserve" may incorporste only the single purpose of a moratorium
againegt such expleitation for a region within which few sther
restrictions exist or of setting asides an ares to protect breeding
grounds fer which there hsa been no previsus protection, Cther
reserves prescribe against certain deleterxiouns sxtrsstive use,
for example oil, gas, sand, or gravel. Still other reserves may
emphasize scientific research (i.e., research natural areas) or
gporting activities. "8trict" nature reserves may forbid all
trespass except under permit (Antarctica's Specially Protected
Areas). "Sanctuary" is a kind of strict reserve, but with widely
varying application (c?, Lynch, Laird, and Smolen, 1974).

2. Park. A kind of reserve in which recreation and/or public educa-
tion are emphasized.

3. Core, The park or reserve itself which incorporates the "eritical
marine habitat™, In many cases, more then ome "habitat' is
inciunded., In others, historical or archaeological sites comprise
the central feature.

4, Buffer. An area adjacent to or surrounding the core and upon
whieh the core depends, or vice versa, in the ecosystem sense;
i.e., an "area of ecological concern” &ss it is sometimes called.
This im the hardest term to define. What iz "eriticsl" may not
be known. Ouse a core area is acquired, it may prove not to be the
eritical one or., in the case of geomorphological change, it may move.
The diffieulty lies in the identificaticn and prediction of matural
processes.

Regerve Function

Protected zreas or those managed along scund ecological primciples
serve a numbsyr of highly relevant purposes. First, they $ell of
natural processes and serve as areas in which to measure man'e
serturbetions., Jenkins and Bedford {(1973) emphasize the importance
of envirormental baseline data. As Moir {(1972) puts it: "A greatly
augmented, purpossful, national and giobal natural area system can
previde an iavaluable bioclogicel basis for measuring man's iampact,
and his future security., om this planei”., Ecosyslem research,
egpecially that which is process-oriented, is central to this task
and reserves muat be zat up in come of the most productive and
desirable places, iz terms of value for exploitation,; sc that ve may
do ressazrch towards the developmemt of predictive capability. Second,
reserves serve to protect speciess and habitats which are endangered
by man and which embedy unigue processes and/or genetic materials.
Obvious candidate species are lirge vertebrates such as hirds, marine
mammals; turtles, and crocodilians, Obvious candidate areas are
pro@uctive estuarlies, mangroves and coral reefs. There are several
other functions, but what varks and resmerves cannot de is survive
intact outside the cortext of the ecousystems of which they are only

a parts Thuz, Miffer areas must be established to ineclude the support
gystems which usually derive iargely from outaside the core aress.
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The preceding relates to the identification of matural ecoleogical umits,
such as habitats or commanitiesw or ecosystems., Thers iz another rather
different, but nc less imporiant,; wse relating to education, thse preserw
vation of zultural valuszs or of ¢traditional uae, and the coatinusd
sppreciation of naturs's amemitiesg by mankind in gemerxral. The two

might be comirasted by saying that ithe former is esalaegical, the latter
culiural, but & false dlehotomy between manm asd nature musi not be
erected. Eco-presgervation sad gco-devslopment snmezk tha two imsep«
arably.

We must new relats tersinology {which is less imporisnt} with function
(which is ell-important). The former simply describes a three-
dimensional space. The lster deseribes our philcsophy and use with
regard to that spacz. Surely., the two avs giffienlit to separats, or
inevitably semantice suggest bothi the poist is not to let semsntics
interfere with our intent. To thai end, I offer a condeasation of
functional defiunitione which have been widely used hervetofore:

1. Habitat preservation. These gress are primarily fox pretection,
and management of essential or gpsclalized ares components of
marine systems. The mapagement emphasis is on preservation 80
tbat repregentation of the diversity of habitats ian the coastal
zene and adjiscent waters shall be mainiained. Preservation of
endangaered species and habiiats must, by defimition, involve
unique sreas either bscause men has =liminated 2 componeat of
the area (the endamgersd species) or because similar areas no
longer exiszi. Leng term rasesrch iz essential for the comtine
uation of these species or habitats, imeluding znatural populatisca
studies, reproduciive biclogy and rseruitment rates, sunergy flow
and nutrient recycliag, cerrying cepoeity, bhusbsndry ard patholegy,
impact of wverturbation and the extent of the buffer zonse, and
alternate aresz Tor propazation of endangered species. However,
studies should be ¢n a '"wot-to-interfere" bhasis, so are primarily
observational with a mipimum »f sazpling. A& noteble excepiion
to the latter point is: what to do shovt preservation of sube-
climax comditioms? This will require careful mansgement,
especially in emall reservas where limits of space interfere
with creation of maw habiltat.

2. Species preaservation or comservation of genetic¢ resources. In
order to meintain species populations there must ke & diversity
ef areas for proteztior of migrsitory pathways, awawning grounds,
nureery grounda, and feeding areas. In some cases this involves
the presgervation of existing coaditions, in others the re-~estab-
lishment of former inhsbiterits. In all sases, research wilil be
mandatory for the clarification of smeironmental sorrsliates with
the particular zpecies’ presences or abundance. In other words,
vhy is the gpecies there, with what does il compete, and why are
there as many (or as few) as there are? The same statement with
regard to subclimex stages sppliesm here as above.

3, Hesearch. These arees are for scientific¢ resesroh, wmonitoring,
and to establish ecological baselines against whick to ¢ompare
and prediet the effect of man's zeiivities. Most impertant,
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they are necessary tu develop am understanding of natural processes,
without which neither reserves nor man himself can survive. Two
basic subdivisions are possible: (a) "matural history” in which
observation and a minimum of menipulation are invelved. This, con-
trary to some spinion, may invelve extremely sophisticated method-
olegy, such ae remcte sensing and telemetry. The emphasis ie
obgervational which ia the only type of research to be permitted
within & strict natural area; (b) "menipulative! in which some
disturbance is essential in order to somprehend ecological pro~
cesges. A particularly important example reguiriag maanipulation
invelves successional stages, emphasized above. Cromin, ed., (1974)
congiders research in greater detail. Randall (1969) emphasizes
the importance of unatural area preservation near marine labora-
tories: “More than one marine statien has all but lost its raison
d'étre because of pollution, shore alteration by dredging or
£illing, or by excessive collecting of marine organisms in the
vicinity".

Recreation edQucation and aesthetics. ©Such areas protect scenic
beauty and/or complement and enkance azreas for enjoyment and
education of the public. Education and training should be on at
leagt three levels: public sducation, training snd eduncation of
park specialimsts and envircnmental managers, and higher educstion
and research. There are several types of educational and recrea-
tional activities from those having & close relationshiy with sport
tc those which appeal to the artist -~ or both. The latter is a
highly personal matter and no strict definiftions are possible, or
should even be attempted. However, an essence io be emphasized

iz that interpretation may take many leveles, An imaginative and
creative interpretative programme is one of the key elements or
potentials in marine parks. Films, displays etc., will be impor-
tent to iznform possikly unfamiliar groups about the marine environ-
ment.

Special or cultural purposes. Unique arsas may be znecessary to
protect geclogis or ocezanographic features, for instance the
Phosphorescent Bay im Puerte Rice, a habitat type which is rare
elsewhere, and even degraded there. They may aiso protect a
cultursl heritage. The latter point ie important. Auburn {197&)
states that: "Over exteasive areas of coastal azsas, skin divers
have already looted and deastroyed a considerable pumber of ancient
wrecks in shalliow waters', Protection of such mites is a difficult,
often controversial, matter. YWreck-hunters! have been a dominant
feature in the scuba~world and, whereas many discoveriea of value
have bveen made, many sites have alsu been deastroyed by those of
selfish cor greedy motivation.

Hultiple use. Cronin, gﬁ,,(l9?k) examines thige term froem a largely
ecological standpoiat. All that is really intended is an expression
that several purposes may be csrried out contimuously or cemtiguousliy
in a reserve. This raguires careful managemen®t, but iz not toc be
taken to mean a dilution of one value to ihe advantsge of snother,
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such 23 has ocecurred in some Torest reserves which alse purport-
edly have bhroad scientifie and wilélifs valus, but iz which the
latter sre clearly secondary. A current exampls of multiple uae
in the sea is the oil and pges indusiry’s scceptance of "samctuary”,
but only insofar az the industiry is not exclunded (Hay, 1974).
Now we have two setm of terms, arss degsriptive snd avez functional,
A combination is mecesgary for full desmsription: i.z., "a reserve
for multiple uee", "a park for education', "a cure area for ths
preservation of a ceoral reef', "a buffer zone for research, education,
and for natural successional change”, etc. In any case, the twn sorts
of titles shounld be clsarly defined.

In conclusion, I canmot emphasize too stroagly the nesd for incerpora-
tion of research and educatics wiihinm all reserves. The threast of
man's activitier te naturasl ecosystem healih and stability pose crit-
ical problems fer civilizstiosa’s survival, Systems of pational and
international marine and gstusrine esologisal ressrves, sebodyinz
genetic and ecologicsl diversgity, shounlid be subisct Lo investigations
on the sciemtific basis o¢f preservatiom. EHeserves showld be "resger-
voirs of biclegical species, physical phencomens, vaturally fancticainrg
compunities, and sxisting habitats" (Lynech, Leird, and Smolen, Eds.,
1974}, Not omly must re&re sund endangsred smpecies and habitats be
studied under a variety of conditinss 20 ag to evolve procedurss for
their coniinuity, but itkhe structure snd funcition of matural ecopystems
znst be studied, as opposmed to those streseed by man's activities.
From such study will emerge baseline dsta for long-rangs momitoring
and & cadre of fraimed perzopmel %o d¢ the work. By means of educa-
tional programs, a better-infcerasd public may prove abls o make wetter
and less costly emvironmenital decisions,

Thus, the function of reservea ig priwmarily preservatrca, but also
incorporates educstion, recreatiom, and especislily the potemntisl for
research in its fabric.

The foliowing suggest a bssic philoesophical aedé praciical approack to
eritical habitel mansgemend and are a condensatior of much of what has
already besen stated,

l. Ecocestrism. Stroug arguments for sociv-gconomic {i.2., homocentric)
decigionm on land use pswrasist. There should be ne man versusd nature
Qichotomy in resourcs decisions., On the other hand, secio-economic
issues should be zscondary ic ecocentric ones in the decisiom-makinug
process. Ine naturs of scogystems is our paramount concersn, not
to be diluted by overriding concern for monetary valusz, aom-conform-
ing sscial custom, or "mneeds” and "desires" which waey result in
deletericus environmental impast. The sducation of gocial ascien
tiata, lawyers, businessmen, snginsers, poliltlicians, andé econowmists
in the esgences of ecosystem dymamics is a goal worthy of pursuit,
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Conforming use and comtrolled growth. When numbers of peoples

are small, use may be less important to contrel. However, the
concentration of populations on the cosstal zone requires careful
control of man's actions thers, Alsc, although ro human. popula-
tiong actually live permaneantly oz or under the sea, traditional
and encodified Law of the Sea has promoted laissez-faire attitudes
and common property usea there, most of which have not led to
ecologically conforming use, in the sense that the objestives

of man and ecosystem processes confliect. This implies controlled
growth which may mean positive growth, negstive growth, or no
growth, depending on the azrea in gquestion. Reserveas serve impor-
tant functions in the contrel of growth =s well as in preservation,
and one of their greategt values lies ir the momritering of growth
ag it affects ecologi¢al processmes so that the biclogical support
systems of the sea for mar and other organisms will not be allowed
to collapse as a result of man's perturbations.

Zonation, research and momitoring. The aim should not be only

the identification snd setting sside of c¢riticsl areas; it is the
zonation of the ccastal zone and zontiguous seas in the recognitien
of ecosystem structure and functicn, azdéd of man's conforming use
that is essential. Research and monitoring will lead to principles
by which zonation c¢an be applied. It will =alszsé lead to s flexible
approach as is indicated by geolegical, cultural, or other altera-
tions; i.e2., zoneg will change in accordance with their use and
ecologic health,

"Agsimilative capacity' of receiving watsrz., Thie is a term of
convenience used in the "eagineering" of the environment. Surely,
naturzl substances are assimilated, but the analogy should not be
drawn that foreign gubstances and pollutants have a thresheld
concentration below which therse is me "asignificant? effect on

the ecosystem. It is probable that this concept iz a myth, that
we have simply not learned to recognize imsidiocus, chronic effects.
Odum (197Q) mentions some of these with respect to estuaries.

A "po release” goal for peliutants is to be highly recommended,
ever thoungh difficult %o achieve,

Site specificity, It is difficult to generalize wanagemeni to
cover all cases, from areas where maintenance of water quality

ig paramount for the maintenance of productivity, to areas vwhere
parks are egstablished for tourism ¢r where sanctuaries are estab-
lished for gpecies preservation. It ig alse difficult {o extra-
peclate between the preservation of small representative or unique
habitatas and the large, systems-oriented Biosphere Reserves pro=
posed by MAB and it is difficult to establish guidelines for the
management of biclogically asimilar areas which are subject to
quite different political asystems. Reserves should usually be
get aside in perpetuity, but 1t is also desivable to establish
rezerves of a short-term nature whers, for example, restoratiocn
and later use are corntemplated. Reserves may be exclusive of

any use by man or merely be areas wherein certain administrative
guidelines are employed, for example, the prohibitiom of ghell
and coral collecting in Kenya's marine regerves. So it is
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essential that the functicn of the reserves we made sbsolutely
clear and thatl managenment vroceed accordingly within boith general
principles and mite-gpecific raguirements.

Stewardsghip. Beaches movs according to ccoastal currents and the

impact of stormws snd mangrove and margbeg sre highly transitory
interfaces. In beth cases, changes occur withis human lifetimes
guch that serious jurisdictiomal znd legal problems arise when
the protected areas thecwselves move and usdergoe succesgsional
changes. How does one protect suek dynamic procesees in a world
which seeks to stabilize habltsts zpd bouadaries? Purchase may
prove so diffiecult and costly that perhaps it ig useful to
consider not the geograrhic boundaries invelved in “"ownership!
or precise jurisdictional delegation. &s reserves imply, but to
turn ouyr attention to "stewardship”. This ipvelves & highly
imaginative apprsach to "reserves" and the solution of juris
dictionnl conflicts im unigue new ways. The Coastal Zone Worke
shop (Ketchnm, gd., 19732} identified some of these in the follow-
ing categories:

(a) Alternative means for regulation of coastal development
besides the taking of private properiy (sasements and
the 1iks).

(%) Improvement of staiutes and administrative regulatics.

{(e¢) Ipcreased access of all to administrative and judicial
proceedinga.

(d) Esteblishment of local review hoards for veview of
decisions.

(e) Establishment within the judiciary of en Environmental
Court with broad jurisdietion.

Public disclesure. This is, in most circumstances, to be highly

recommended in all cages inveiviug couzial developmwent. However,
gome areas ars so isolated, with 4iffiault accessibdbility, as to
qualify as "npatural reserves’” without protective measures bveing
taken., Advertisement of their sxigience can, in zoume cases,
rrecipitate sxploitation, and care muat be taken in disclosure
of some of the best areas, especiarlly reefs, iz advance of their
protection and specification of eanforcement procedures,

Regional agresmenis. For & majority of marine and coastal areas,

downstream effects involve the necessity for regiopal, international

approaches to conservation. Such should be incorporated from the
start, particnlarly witk regard to pellution control anmd resource
exploitaticn, but in arexs where this is premently impossible, it
remaiang an eventual gosl.

Cultural and traditional walues., This exceedingly difficult
matter has been discussed sbove under Bcodevelopment {p. 1%).

The incorporation of such valuee into habitat preservabion in a
changing worlid involves the most carefnl, dztailed, and sensitive
congideration which mumt, howewver, be interpreted go as to avoid
ecological comprowize.




ECOLOGICAL APPROACH TO PLANNING

Marine and coastal conservation must proceed from a kiowledge of
marine ecosystems and their interfsces with the land. Such know-
ledge must derive from studies of processes under the controlled
conditions pessible mostly in reserves established for the purpose.
There is simply no substitute, sither in conservation or 'enlightened"
exploitation, for the compreheansion of ecosystem processes if man
wishes to maintain the productivity and integrity of the seas while
he uses them, Thus, marine resserves should, wherever pogsible, incor-
porate research as a major objective. In addition, "planners" must
incorporate a broader ecolugical base into their work.

Strategx

We cannot await detailsd study before taking strong and definitive
action! Therefore, the following suggests a series of practical
gteps, net necessarily to be taken in the precise order given, for
the initiation of cozstal and marine conservation, emphasizing
biosphere reserves, on national and international levels. Steps 1-5
should be taken quickly. Step 6 is long-tern.

1. Survey., The Classification Scheme (Ray, 1975) may be used as a
background on the basis that habitat survey is reflective of
ecogystem processes, The initial survey thus should include a
summary of habitats and community structure within the survey
area, It also should include a catalogus of perturbations so
that it may serve to prioritize comservation action. This survey
is to be a relatively brief collection of existing aaﬁ/or easily
acquired information. It should be as comprehensive of whole
coastal systems as possible and should attempt to identify
natural units irrespective of political or legal boundaries.

It should also idspntify people and logistics essential to the
following steps.

2« Selection. Critical areas inclusive of all habitat types may
now be designated according o agreed criteriam (see below).
Priorities must be worked cut, designating the most critical
areas, i.e. those which are not negotiable in ecolaginal terms.
Also to be included are cultural and educational criteria, as
thelr application will identify areas possibly not '"ecritical"
in the scological sense, but also worthy of protection.

%, Description. Selected critical areas should be degeribed in a
computer~compatible form (mee Area Descripiion bslow). Area
purposes should be identified, at least preliminarily.

4, Management Recommendations. The above steps should result in a
concise and implementable report delineating both critical habitats
and recommendations for coastal system conservation and management.
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The Guidelinem below may mserve az an outline of subjects to be
covered. A zonation scheme for use 9f the zeastal and marine
epviroanment should be included,

5. Implementaticn. Autherities must put a coastal and marine con-
servation plan inte sction, either by executive aciion or enabling
legislstion. Both approachss usually are required ag, for instance,
executive action for the immediate protection of certain most
critical areas or io cause cessation of harmful practices, foll-
ocwed by more detailed,; programmatic natiomal legislation.

6. Detailed Research and Msnagement Refimement. An implementation
programme will lead te the necessity %o evolive detailed site
gpecific guidelines and a research and moxitoring programme.
Remearch must be dedicated t¢ the mitigatiom of man's perturba-
tiong, to restoration, snd te the development sand manzgement of
parks and reserves. Such s study must not omit socice-zconemic
issues, but the major thrust #3ill must be ecocentric., Thus,
the investigation of the ascientific basgis for natural arem and
ecagysten preservation must ipeluds man, but it wmust not tread
in fear of sccic-sconomie and traditiomal prlicies and practices
which clearly pose thrsatsz. The practical sgide of this question
concerns the high pricrity effeort towards the discovery of the
legal snd financinl meang by which pregervation way be schieved,
Resesrch and managemeni should be carriad out so that feed-backs
are generated leading to: (a) the formulation of wnew management
policy based on the latest research ragults, and (b) the posing
of new guestione tc the resesrch comsmunity. The loag-term mature
of regsarch and menagemsut, direcied Lowards social adjustments,
is to be suphamized!

Criteris for Ssleciion

The Classification Scheme (Ray, 1975) should be us=d as a primary
reference for the development of 2 system of regerves which shall ba
inclusive of habitat types and reflsetlve of ecozystem processes.
Included in thig effert., we ask: "How inclusive of habitat types are
existing reserves; what ars exiebiang sapagement practicss; how
effective is present protection; and what among those habiiats neot
already protected are suitable for pregerwabtion?', Thiz leads
immediately to the need for detailed criteria for further selection
and for determinztion of reserve function.

Criteria may be ussd in st least two ways. First, they way be used

to judge the guality or appiicability of zreas to fit the requirements
and funciionas of reserves and, seecnd, they may be used to determine
prioritiss for the most guitable sites within z series of candidates.
In either czse, we should be careiul not te pick omly the single most
quelified or few top candidates for ai leozst two reasons. Foremost,
we must incorporats comsiderable redundaney in a reserve system and,
secondly, no two aream are precisely alike, The latter pecint involves
a distinctlon tetween what is "representaitive" and what is "unique'.
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The varicus criteria should mot be mpplied with equal priority to sll
candidate areas for the simple reason that ares characteristics and
functions will be quite different. It should aleo be obvious that the
priorities will shift sccording %o the purposes for which & reserve is
to be used. A good deal of judgememt in their application is necessary.
The following is a list of criteriz mostliy derived from several socurces
(¢f. Cronin, ed., 1974; UNESCO, 197k; James Dobbin, pers. comm.).

The criteria are here arranged in three sets. Significant in its
abgepce is a set of criteria pertaining to ecosystem man and eco-
development, a set which possibly could be drawn from the three sets

gresentede

4. Set 1 - Ecological criteria

1. Criticalness. The degree to wkich important life stages or
entire life histories of species are dependent on an area is
an important eriterion. Obvious cases ave arsas where rare
or endangered species are present, Others include the feed-
ing. resting, or breeding arcas essential to marine reptiles,
birds, or mammals. Exampies are: Laguna Ojo de lLiebre
(Scammonts Lagoon). Mexice, for ealving of Gray whales,
Eschrictius robustus; Round Island, Alaske, as mummer habitat
of walrus,; Odcbenus rosmarus; the wany essential feeding arems
for shore birds and Siremis; the many nursery areas used by
fishes, In emphasizing theese criticsl areas, we musi nct
forget those of a different sort, i.e., those which are crit-
ical in %erms zf production or sther proczsses., Thus, sea
grags beds and mangrove swamps are critieal areas for detritus
production and for nutrient comversion to other production
such az fisheries and coral reefs. That is, not only wmust the
endangsred, rare, sesthetically important speciez be considered,
but we must zlso give incresased atiention to species of trophic
significance, nreag where proc2sses are best exemplified, and
upstream and downstream arsas.

2. Representativeness and/or uniqueneas. These twe terms can be
the extremes of a spectrum. A "unigue" area is one that is
rara, whereas mreas which are representative fi¢ well into the
clasgification scheme, i.e., they are typical of biome or
habitat types as they may exemplify processes, iransitiom zones,
ecotonea, or subeclimax situations of sither undiasturbed nature,
or of interacticns bhetween man and nature such that scme compara-
bility between example areas is evident, On the other hand,
unique sreas {(as ths Puerto Rico Trench) can also be repre-
sentative (oceanic itrenches). In either casze, unique arecas,
i.e., rare habitat or process examples, naturally rank high
in priority as they are "one-of-a-kind". However, axemplary
areas, i.e., vhe "best" sample areas among many repressniatives,
rank equally high. Im either cass, extrapolation of the nature
of ecosystem properties and processes to other areas should be
attempted.
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Diversity. This criterion often infliuences the size of the area
to be preserved. It means the inclusion of several habitat types,
successional stages, and biotis associations, such ss lagoons,
estuariss, various benthic types, associated river drainages,
etc., within a single reserve. Wheress diversity shall bave high
priority, its lack should not mitigate against inclusion &s
certain areas are by fhelr nature (mangrovesq sea grass fliats,
etc.) not as diverse as others.

Naturalness. This is related fo the degree of perturbaticn by
man and, again, loss of naturalness should not mitigate against
inclusion so long as seme degree of restoration is possible,

Care should be taksn to include subclimax and trensifion zones

and other areas which underge natural change subseqguent to natural
disasters or perturbation. Care must bs taken that “naturalness®
does not exclude man's use. Semi-"natural’ systems which bave
wacome stable under long establisbed use practices mey be included.
Naturalnsss should not come to mean "degraded!, hiowever.

o

Natural Unit: Size and buffer zone compatibility. Areas to be
preserved should te sufficiently large or buffered to allow
naturzl dyrnsaic change, biological or physical; that is, in sc
far as possible, "matural units" should have high pricrity. In
case a buffer area is involved to incorporate this objactive,
its use and properties must be compatiwle with the c¢ore reserve
area. In effect, size or extent shall be such than an effective
conservation unit, biologically speaking, is created; i.e,, what
has been called the viability, defensibility, or integrity of the
reserve may be maintained. In the case of marine and estuarine
systems, this inevitably iaveolves the difficult problem of miti-
gating upstreanm effects, whether generated from land, river, or
sea. Hence buffer zone compatibility ranks esspecislly high in
these environmenta.

Inclusiveness. ‘The lack of a habliat type in a ressrve asystem

ig & strong argument for fiadiag omne or more to inciude, In some
cnses, undisturbed habiltael types will not be svailahle for protec~
tion or such mites will no longer be extent. Petential sites for
regtoration should be sought s5 that the reserve systenm shall be
inciusive of all presesnt or potaniial hahitatl types.

B, Set 2 « Cultural, Recreationszl, and Educational Criteria

i

Diversity and abundanse, These relate to gualities of the species
and/or hebitats within the ares. Values are interchangesvle; for
example, the great diversity of life of & corsl reef ranks as 2
prime criterion, but the abundance of few species of schooling
fishes in channels, estuaries, or swaups wmay remk just ag high

in other areag, When both abundance and diversily occeur together,

the area will have a very high priority from the soint of wiew of
the publiic,

Prysicgraphy and topography. Just ss for tsrresiriasl areas, these
are important criteris. The scope and grandeur of s scemic area,
egpecially in coastal or reef locations, contribute grestiy to its
value to the publie. Scopes and grapdeur should, bowever, not be
confused with size. Small areas have a grandewr of their own.
Thig iz obviously = matter imvolved with parmzonal taste.
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3. Unigqueness and rarity. The public is much attracted to one-of-
a-kind locations and high pricrity should be attached to them.

4., Climate, weather and oceanographic conditions. Bgpecially in
marine areas, access is greatly influenced by these factors.
Some areas, in fact, are rendered of relatively low use to the
public because of difficult tidal or current conditions, low
water visibility, frequent storms, high sea state, and low water
or air temperatures. However, these features all fall into the
category of "amenities'"., Such difficulties shouwld not neces~
sarily mitigate against inclusion, but they do often involve
certain stringent safety regulations being imposed.

5. Cultural value. Sites of obvious aesthetic, historical, archaeon-
logical, anthropological, traditional, subsistence, or folklore
value rank very high. These range in size from small areas
wherein a shipwreck is protected, to a village or city now
covered by the sea, to very large aress where traditional and/or
subsistence activities of a whole people are currently carried
out,

6. Scientific value., There are scientific values which bear littie
present reiationship to pragmatism, but which are among the mest
important of all human wvalues, as they relate o man's essential
being. Asking ‘'what good is science?' is like asking ''what good
is art?". Areas of scientific value, in terms of basic research,
should rank very high, from the obvious cases of the Galapagos
Ialands and Aldabra, with their surroundirg waters, to research
or other localities of more loeal irnterest.

C. Set 3 =~ Pragmetic critsria

l. Value for research or monitoring, Reserves are an important
source for study related to direct human use and high priority
should be given to scientists’ use now and in the future. This
will depend on at least three factorse: high scientific intevest,
past history of scientific research, and proximity to a user
group of scientists which will monitor the area, use it for
education, and transfer the information geined to the community
at large as well as to management agencies. Lack of present use
by scientists should not mitigate against this value.

2. Degree of threat or fragility. Remote environments will not rank
as high in priority as those close to possible perturbations of
man. Also, areas which are highly fragile should be considered
firsﬁ .

3. Feasibility. Is the site svailable? Csn it be properly financed,
managed, and brought under the jJurisdiction of a stable agency
with proper organic powers? If the site is potentially valuable,
can it be restored? Such questions are central to the suitability
of areas as reserves.
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4, Redupdancy. Care must be exercised not to exclude areas with
the statement: "We alvsady have one of those!" Redundancy is
important in the sstablishment of a ressrve zystem and is essen-
tial from the genetic and ecological poinkts of view.

5. National or international walue. The Galspagos Islands is an
example of an arez of obvious international importance.
Aldabra and the Bering Sea and Laguna Ojo de Liebre (Scammon's
Lagoon) are others. Marine and estuarine areas should rank
high in priority as reserve candidates because of their ccontri-
bution to internaticmral fisheries production amd as habitat for
migratory waterfowl, for instaunce,

&. Educational, recreational andé economic wvalue. Tourist value is

c¢ften extremely important in economic terms. However, recrea-~
-tion is not always in accord with the ''conforming use" principle,
Deleterious effects often result to stress reserves bevond their
carrying capacity (Second Worid Cenfersnce on Natioral Parks,
1972} when purely recreational values are placed above ecological
ones, i.e., wher guch areas are “developed"” rather than properly
ranaged. Bducation elso empbasizes the public as a user group,
but generalily more care is taken to vreserve natural values than
when emphasis is purely on tourism. Both tourism and education
require facility development, reguiring usually land-based access,
and precise knowledge of costs and how development may alter the
habitats preserved.

Area Description

There are sevsral stages in this process from the most preliminary and
short-range to the laong-range, scientifically detailed matrix of data
necessary to develoyp precise guidelines for management and monitoring.
Obviously, the first step is the simple process of listing candidate
areas. The next etep is that which we shall consider here, that is,
the assembly of available information in & cowputer«compatidble format
which allows concise information Transfer on a world scale and which
allows planning of later detailed survey necessary for protecticn and
management.

Very often, reserves of large size, especizlly "natural" ones, will

not be in proximity to "ewxperts!" who will be able to develop management
guidelines, much less to maintain z long-range scientific programme.

It is part of the educational process to train such personnel and to
develop such programmes for this purpose. Therefore, after an area

has been identified as having value or interest, facts ef a very hasic
nature must be gathered as & prelude to the reiatively detailed survey
which will produce further information necessary for the recommendations
that the area be set up as a reserve, and if so, when znd how, It is
suggested that this fact sheet include the following information:
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Name of area.

Geographical leocation {(nation, province, state, district, etec.).
Latitude, longitude {(supply map or chart).

Surface area {in square kilometres or hectares).

Type (from Classification Scheme code, i.e., zoogeographic
and biotic, with habitats and relationship te coastal,
terrestrial province specified).

Description should note:
(a) Physical features ~ including water depths.
(v) Dominant biota (ecologically).
(¢) Special scientific, recreational or other interest,

Conservation status, degree of naturalness, degree and nature
of threat (if any) and present jurisdiction(s) or ownership.

Character and use of contiguous land or sea areas emphasizing
effectiveness as buffer aress.

Proposed purpose or present use of area, including suggested
zoning, if any.

Knowledgeable contacts.

References to literature, both scientific and popular,

This description list ig closely in accord with IUCN's Worid Directory
of National Parks and Other Protected Areas (IUCN, 1975).

It is essential that there bes compatibility of descriptions so that
computerization of data be possible. Darnell et al. (1974) give a

model for such a system and point ocut the advantages that acerue through
computer query., Answers toc the following sorts of guestions are
ovtainable.

1.

S

l+‘

5-

6.

What havitats are in any geographic area?

WVhat aress are protected for a certain biotic province
or habitat?

¥hat is the state of research for a particular habitat
type -~ i.e., printed publications cr work in progress?

Search for key words: i.e., algal reef, manatse, detritus,
organochlorine, etc.

Which areas are in ownership, stewardship, or controlled
by administrative authority only?

What areas are most endangered?

Thus, a purpose for description is to enable the integration of a world~
wide system. In no other way can marine ecosystems be comprehensively
treated.



SUMMARY GUIDBELIRES FOB PROTECTION

The rewmzinder of this paper sumsarizss spscific matters which should

be congidered in marine habltat sonssrvation. They may be used in at
leaet twe ways; fivst, to guide surveys and s;udieu; second, to guide
implementation, Xach of the topics summarily treated below ia complex
in iteerf. Therefore, it is to be hoped that the following will be
recognized as & matrix only and that gite-specific Flexibility will

be vequired. Indeed, thig iz a "bere-bones” outlinme; each tepic could -
and should -~ become the topic of a destailed worksheop related Te site-
gpecific imssues and reslities. Alze, the guidelines reuresent a goal
which may tale goms time Lo achisve.

Thege guidelines have been drawva

&

From m&ny sources, some «f which have
already bvesn cited. Horae refersunc of major importance to what follows
are given in the Additionsal B‘b 10 phy {not included esre references to
the many survey reperis directed towards marine parks). The structure
below is frow the geperal Lo the spescific, not to imply & rigidity of
spproacn. Thuz, enakling legislation is consideresd fipst, parks and
reserves iast, bui it could just as well be approsched the other wsy
around.

The larger geal of legislatien sheuld bhe to encodify a zoenation of the
satire coastzi zone, inciuding land areas, Arainsge syestoms, esmtuaries,
lagoons, and continental shelf It gheulé fellow the initial survey
and estakblish z policy for »aaawal development &nd preaservation on an
interdisciplinary and interdeparcmsntal basis. Rarely cay thiz derive
frem exieting governaesnisl todies, i.e., tourism, Tisheries, educa-
tional o uarks deuarﬁmeﬁta? which are mot generally mandated Lo marage
the large problems invelved, but which all have maisor lnterests.
Fasbling legisliation mumt esitablish teeelines for long-term financial
and sdministrative control with ar administration sensitive to the
needs of land and water management zz well s& to thoss of educational,
researcn, and public instituticns.
A. ZFolicy incliudes:

1, V¥ise ugs of wmarine, sstuarine, wellamd and upland areas;

2. Maigtessnce of neiaral ecosystems;

3s Prowvision of reacurcez for the peoples

4. JIncreasing the carrying camecity of the coastal zone
through technical and menagerial means:

5. Restoration of damaged environments: and

6. Clear svaluatica of the burden of procf of deleteriocus
actions, with identifisble Iliability.

K0
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1

"Central Authority':

A "central authority" should carry out the policy. It is essen-
tial that this authority ceordinate the activities of all govern-
mext and non-government agencies with important interests, most
notably departments invelved with fisheriesg, coastsl zone develop-
ment, conservation, national parks,; tourism, and enforcement.
BEducationsl institutions and fisheries or commervation departments
should cooperate on research. Public and private congervation or
other interest groups should be included im an "advisory panel”
(see C below) to contribute their expertise t¢ an integrated policy.
Policy ghould be subject to corstant review and deliberations
should be made public. The Central Authority may be a single
government agency or cocrdinate several agencies, It should be
empowered to:

1. Review existing informatier and activities in order to take
immediate action on: selected areas having unique ecological
character; wetlands and e¢stuaries containing highly productive
habitate, spawning aress or nurseries, or rare and eadangered
species; and coastal activities that will affect diversity and
productivity of the ecosystem;

2., Initiate computer-compatible descriptionsof areas, with the
aid of a data-retrieval system;

3+ Set up appropriate management guidelines;

k. Certify activities, by means of permits, licences, or authori-
zations and ascertain that activities are consistent with the
purposes of the permit;

5. Iaitiate and adminisbtar research grants or contracts;
6. Record use and moaiior system changes;

7. Maiataim a conegultative process to covrdinate the interests
of various departments and agenciesz, including management of
fisheries resources, cultural reegources, education and research,
and those having responsibility for national sscurity, tramaporta-
tion, and exploitation of mineral resocurces;

8. Establish public relations and increase public awareness by
means of audio-visual or other mzterials, such as: illustrated
pamphlet with boundaries and regulations for reserves noted;
guidebooks: file and 8lide series of sampie habitats and of
man's use of these syztems;

9. Provide for ranger and guide traiming; and

10, Recommend international agreements as necessary for protection
of water quality or non-resident species.



D.

"Advisory Pansi'':

Should be strustured as a Ysdientild

mostly of, bput zmet dominated by, =co logica11y~sriented gcientists,
Thus, it must include pubiic interest groups (not speciml-interest
groups, i.e., lobbyists) and, especially. environmenial lawyers
and land-use plamnerz. The pamel has the following functions:

ic committees” and comprised

1. Consults on lomg=term gosls and pelicies;
2. Evolves model guidelines;
4., Determines resesrch nseds and reviews research proposals;

4, Provides for scientific evaluation, surveillance and
enforcement

5. Recommends an interpretative programme for public under-
standing;

.

4. Recommends specific funstions for each reassrves
7. Recoammands a mansgement programmes;

8. Helps government design the national programme
9. Advises on regiounal yroblems; and

10, Aids in the developmenit of imnovative approathes, including
new scientific, legal, znd sccial methods and imstitutions,

Permits:

A permit or licence sysitem for coastal activities should be put
into effect and subject to periodic rev19wb One should aluways
carefully examine the need for paper work, but man's affects are
sc numerous thai there is pronably ao alternative other than to
congider most of his zcilons subject fo review and permit prece-
gdures which may reguire both environmental and euliural impact
statementz. Statemenkz and permits include:

1. ZEstablished need for provosed action;

2. The effect on human health and welfsre, scolegically, economically,
aestheticnlly, and recreationallys

3. The impact or traditional or subsistence-oriented life

styles;

b, The effect of the action on fiwheries, research activities,
resources, plankton, fish, shellfish, other wildlife, shore-
lines, beaches, and marine esoavsiems;

5. The persistence of the effect on the merine environment;
6. The most appropriate lscation for the aciien;

7. Special provisiocns, 25 moritoriwg the action and surveillancs
of the action; and

8., Fees.
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Enforcement:

Enforcement will usually already exist in a multiplicity of
agencies, The purpose ig to ceordianate and amplify these
functicns and it mey aiso prove,advantageous tc set up a seps-
rate enforcement body under the "Authority". The nature of
enforcement and the character and extent of punishment will
vary according to local law and tradition.

Some of the problems tc be faced are:

i. Jurisdicticnal:

a. Conduct of citizens outside the country's territorial
limits should be the same as that regulated by naticnal
law within national boundaries;

b. Law of the sea, wherein many prcblems are currently
unresolved, two of the most difficult being the protec~
tion of fisherieg on the ocean "commons", and the impli-
cations of coastal develcpment and pollution on oceanic
productivity;

ce Conmmon property resource policy va. reseources subject
to claim and ownership; and

d. The confused legal situation with regard to delineation
of agency duties and authorities in the coasial zone
and territorial waters.

2. Publie hearing and testimony:

It is expected that the "Authority" will conduct hkearings
leading te recommendstion of enforcement and pensnlties.

2. Penalties:

These muet be substanf{isl tc be a real deterrent to violatiom.
Close cooperation of the courts, notices of violation, and
sufficient penaltie=m are mandatory. Each viclation must be
treated separately. A highly recommended penalty is confis-
cation of boat or other equipment and/or suspeneion of
licences. Nature of the penalty will vary accerding to, among
other thinge:

a, whether the offence ig ¢ivil or criminalj;
b. whether the offeander is commercial or private;

¢+ whether the offender is utilizing subsistence ox trad-
itional methods; and

d. the income level and capital investment of the cffender.
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Regearch is not a lexury, but is at the heart of any programme,
wrether for pregervation or developmenit, as it ig essential to the
development of a workeble zoration scheme and to measgement and
placning efforts. We have stressged the roles of a slassification
scheme and prasdictive modeie Yo 2id im understanding the effegt of

man's activities upen ike tosstal amd marine envirsament, A survey
of coagtal ressurces is esgsential %o long-range scological stability
and must elucidete demographic vatterms, ownership and land-use, and
sotic-economic dasta, These countribute to bazelines of knowledge and
lead teo envirowmental and culitural impact statemenisz for development
schemes, such as the siting, ceastruciion and operation of industriasl
rlantsg, harbour development, asrd the dredging and depesition of ssoil.

A,

Evoluticn «f a plan for zonation and ecosystem protection,

Initial surveys should estzblish land and water use practices in
accordance with the nature of coastal systems, taking cognizance
of secio-eccnemic and cther current practizes, but alec identi-
fying those practices ir need of cessation and/or modification.
Research and monitoring wili undoubizdly seke alterations ip this
ipitial plap mendatory, and probably more restrictive., BRandall
{1969} emphasizes that prime research areas in the vicinity of
coastal regearch stationsg showld be protected, The mature of
dynamic aquatic asystema dictates thai zonatiocn be esguelliy dynamic,
Generzlly the following typese of zoges will initially be necessary:

1, Develgped zones are thome ubich are already developed to
such an extent that they are almost complately man-dominated
zxsd have leost most seablance te -the-matursl siate, for example,
citieg, airporis, industrisl complexss, etc. The majer
emphasis should be on pe luiticn sbatement and restoration.

o

¥

Cemzervation zopes are these intermediamte betwsen 1 and 3,
that iz where cayaful planning can guide development within
environmental zuidelines.

%s Protestion zenes sre "asitural aresxs’’ such as!?

&. gritigeal aveas im nezed of immedigte protectiomny

b. formerly productive areas in need of resioration;

Ceo Yregsearch areasm;

d. reerzatienal areas; sand

e. buffer zones.
Boundaries beitwsen these zones are highly sriificial and ideally
the goal should we cempatibility between enviroanmental processes
and man'e sctivities throughont the entire coastsl zore aad

adjacont sea. Hemearch srd menitoring, in any case, must play
the primary role in determinimg this course of evemts.
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ks
Resunlts of research must be capable of altering the course gg

man's actions and this capability should be clearly stated in

the enabling legislation. This may be one of the most difficult

of matters as most governments have ghown little gbility to plan
far crizis, no matter how predictable, and society shows little

deelre to altsr its ways, no matter how deleterious. In these

regards, & systems model is useful in the following ways as
Ketchum, £4., (1972} states: first, it brings orderly criterie
evaluation into manzgement practice; second, it develops common
concepts, meagures, and languages; third, it brings to authori-
ties & knowledge 2f natural environmenfal processes, instituticns,
and activities for complex decisiong: and, fourth, it traias
professionals and others to higher scieatific awareness for
greater competence in management.

Research needs

These must be long range. A primary need is to identify

functional groups of organisms, that is those which process

organic matter or which are important in the recyeling process,
Reaearch shiould include such important topics as:

1. Ecological factors:

a. Role of nutrients and trace elements in ecosystem
function and their recycling;

b, The relationship between nutrients, pollutant loads,
and primary productiviity to recreationzl and aeathetic
uze oi water:

. Information onm the chemical characterigtics of the
systems involved;

4. Information oa the physical characteristics of systenms
involved, especiaslly hydrology, curreant structure, and
gecrorphalogical shore processes;

¢, Informatien on the distribution and abundance of species
at all trophic levels and their normal variatioms,
emphasizing endangered species and thoee critical to the
system;

f. Description of community structure with emphasis on
natural rates of recovery from perturbstion and natural
guccegsgional change;

g. Studies on the nature of diversity and stability,
especially the effects of predation in maintaining
stability and the relationships between stability and
guccessional change;

h, Studies on succeseional change;
i. Studies on processes of restoration;

J. Natural history of endangered species;



k. Naturs of fcod chains and websg

1. Hexizontal snd vertiocsl migrations of ecoustituent
erganisms;

m. The inTliuvence of climate and weather onm living end
nen-living componeniss

n. Indicator species for waier gualitfy or eanvironmental
monitoring; angd

o. "Amsimilative capacity" (see ». 31) for wastesm, i.e.,
in which organisms or physically where poiluntants are

£y

accumzlated and how they may be recycled.

Socisl factorse:

These are essential and ehouid lead to developrment of
culturel impact assegemeats. Complex issuss sre involved
which will mot be comsidered here in greater detail (asee
Beodevelopment, pp. 10~21).

Factors important for public hsalbh:

s Surveilliasunce of contaminstion inpnui levels:

s
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Effecis of solid waste disposaly

(e
«

Effscts of contaminants on ovganismg and ecosystems;
d. Epidemiclogic and virologic studies;

2. Accumilsted eifect on organiasms of sublethal polliutant
levels;

fo Effectzs on mazn and other "top" carnivores from eating
thege organisss: and

g. Water qualily ae it relates Lo 2ar, nose, and throat
infecticas, or other pubklic healith coneiderations.

Techaniguss for ipcreasing productivity amd preduction:

a. Regloration of damaged enviroomenisy

b, Eanvirommental eanhancement, that ig, ivcreamed carryiag
canpzcity of the enviroament for certain speciss under
natueal conditions;

¢, Aguaculiure and insreased production of certain species
Tor commercial uwitilizatiosn; aud

¢. Artificial veefs i¢ increase the habitat of reef-dwelling
gpacies.,

¥Yacters relsted to industrial activities:

8, Bicassay methods for potential toxicants, iancluding bhoth
lethal apd chronic effects;

b, Idemtification ¢f biolegical productivity inhibitors;

¢. EHelezsed muirients and/or polliutants from resuspension
of bottenm sedimenisy
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d. Causes of nuaisanse algae and aguatic weed growth;
@, Flushing times of receiving waters:
f. Predicting fate and extent of warm water plumes;

g. Loug term rate evaluation of biological, chemical ard
geological modifications;

h, Effects of sea water on organi¢ and imerganic chemicals;
and

i. Possible synergistic effects beltween wastes, as that
between 0il &nd oil-ssleble orgamochlorines.

6. Factors related to the carrying capacity of reserves for
human sctivity:

8, Enviroanmental quality vs. recresational use, i.e., effects
sf recreation on biota or communities;

b. Impact of multiple recreational use on the environment;

¢. Determination #f protabilities of transmission of disease
through regresticonal water contacii and

d. Influence of climate, weather and accessibility on numbers
cf humen visitoras,

Methods of analysis )
Very often it is both imstructive and practical to use & modelling
approach which expresses the matrix of flows between man and his

environment, producer amd consumer, doner and receiver, and

receiver and user, Hodele may be heuristic, stochsstic, or deter=
ministic and sre espacially useful in analyses of more tham one
variable or as a reseavrch tuel, i.e., as a matter for validation
and svbaequent improvement. Rarsly, however, is it wise teo derive
precisicn from models of antire marine systems., It is beat to use
medele for:

1. Methoda of snalysie of environmental variables;
2. Information storage and retrieval;

3. Prediction of productivity and emsrgy {low, nutrient cyecling,
diversity, recovery of ecosystems, and cther precess ptudies;

L, Establishing the periodidity of water quality analysis tests
or other survey methods;

5. Evalusting user impsct and usej

6. Evaluating consequences of vollution or other alterations to
the eunvironment; and

7. Analysing the Synamiss of populations,
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b.

Monitoring

This sust he on a systems level. The most important tool is the
wredictive ecological sedel in which data zogquired from monitor-
ing lead to its continual valildation and improvement. Previons
indices of diversity, invelrving anslyses of singls groups such
as algas or distoms tu determine health of systems are ro longer
ecologically acceptabls as there ig me proven relationship
between such diversity and stability. For example, natural
succeasiocnal cheage and the relative youth of scme ecosystenms
strongly influence diversity and stsbility. Monitorimg involves
long term endeawours such 28 baseliine gurveys for the contizucus
eollection of chemical, physical, and blological data. Great
care muat be taken t¢ sslect Teritical' or "indicator” factors,
i.e., those "most seneitive speciss" and/or procssses which
relate directly to the predictive ecological model, Selectien
of such speciez and/or processes ig a most difficult matter,
however,

Teste of effects of varisus chemicais, natural or manmade, on
organizms must not consgider only lethal effects. Sublethal or
chronic effects sre esologically more memaingfal zwnd must be
determined znd moaifored,

Monitoring must take place both within controlled areas such as
regerves and areas whers perturbation is taking place im order
that bageline data and data of perturbation be gathered and com-
pared., It must imvolve:

1. Use ¢f the most up=-to-dste methods, such as remote sensing of
environments an® telemetry and radic-tracking of large srganigms;

2. Uriferm mampling procedures:

3. Methods for long term sffscts on community structure and
productivity;

&, Hethods for guantitative desoription of biomass;
5. Methods for mozitoring blostimulauntsi
6. Identifying criteria for waste discharges;

7. Development of methods for location, quantification and
classification of heavy meitals and cther materials of acute
or chronie toxieity:

8., Quantification ard clasazification of persistent crganisms;
Q. Raview of methods for deteeting foreign materialsg; and

16, Quamntification of floatshle matter and filma.
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Maintenance of Environmental Quality

Coastal development and man's other activities need not be in comflict
with the maintenance of environmental quality. However, it has been
the practice to externalize the costs of these activities, often based
upon acceptance of estimates of the “assimilative capacity" of the
environment or what a "significant effect"” may be (see p. 31).

A, Ocean dumping
The eventual goal should be an end to this practice ard research
and management criteria are nseded towards that goal. Current
international agreemerts prohidit dumping of sueh dangercus
nmaterials as Wigh level radiosctive wastes and agents for chem-
ical or biologieczal warfare, He are now aware that some "remocte”
areas such as oceanic trenches, fjords, and the abyssal ccean
are biologicslly of grest imterest and value and the threat to
them by dumping should be removed, It is necessary te establisgh
more detailed baselines for:

1, The types of material to be dumped znd the amount;
2. The location with stated alternatives;
3. The length of time dumping will be carried out; snd

L, Internatiorazl complications.

B, Pollution aand wasie treatment
Thie differs from dumping mainly in that the site is usually close
to the shore and that some alteration ¢f material usually ocours
before it is discerded. Effluents may be released continmuously
or "pulsed’, The goal should be the cessation of all efflunents
containing kasown or suspected deleterious materials, sither
becanse of their toxicity or their znutritive (eutrephic)} potential.
Resgearch is needed %o design systems of treatment which are tailored
to preserve the specific recsiving waters. Design ef systems ehould
be by cocperation between ecocloxizats and engineers, a feature
usually sadly lecking! Detailed attention neede to be paid to the
chemigtry of the effluent, its physical und biological dispersicn
in the environment and physical or biclogical effects, For instance,
more coasideration must be given %o:

1. "Point" or site~specific e¢ffects vs. dilution;

2. Synergistic effects;

3. Nutrient chemistry arnd bicchemical changes;

Lk, The chemistry of receiving waters;

5. Current dynamics and basin topography of receiving water;

6. Prohibition of any material that combines the properties of
mobility, chemical stability, low solubility in water, and
high solubility in lipids;

7. Blimination of pesticides and heavy metals;
8. Trace elements ian water and sediment;
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D.

9. Concentration of trace elements in organisms, especislly
amplification through food chains and food vwebs;

10. Control of thermal nplumes:

11, Multiple jet diffusers;

12. Lateral sprezding of westes; and

13. Flows of suddenly relsused sinking sludge.

Continuous monitorimg ¢f the effliuent within biotic communities
should lead to modification of the uature and amount of released
materials. ¥For exampie, sewage gystems might have to be altered
for use of saline water, Vessels and small boats should not be
exempt from restrictioms on the dumping of sewage and othsr
wastes, and the use of holding tsnke with shore facilities for
waste and oil dispesal should be required.

Minersal extraction and dredging

Minersl extraction ig im many casesz squivalent to strip mining
on land asg it destroys the henthie surface, that is, the area
where organismas are concentrated. Dredging usually occurs close
inshore or in waters sspscially subject to siltaticn. Disturd-
ance teo the beathoz hazs many severe ¢ffects. PExcessive miltation
kille coral reefs and can alss reduce light needed by rosted
aquatic vegetation. BExplcoitation for =il and gss may be much
less deleterious in that only a small portion of the benthos is
disturbed (nevertheless the possibility of o0il pollution poses
perhaps the mo=t severe threat to shallow water emvironments).

A particularly ssvere effect of dresdgimg, or mineral extraction
in pelluted sreas, is the sudden release of pellutants from the
sedimenta, Dangerous materisls such as pesticides and heavy
metala commonly esccumulate in the anoxic sedimsats which lie
beneath a thin surfsce of siit. Their sudden release can result
in fish kills oy other F8vere CONSSgUEnNTes.

Coastal development

This is among the most imsidious and damaging sctivities of man,
amplified by the fact of the extreme attractiveness of coasts
for human habitation.

Shoreline, particularly, is subject to dawage due to its extreme
dynamiam. Attempts at shoreline staebilization usually fail and
lead to deatruction of aesthetic gualitien and to high meintenance
costs., Inman and Brush (1973) eloquently describe "the coastal
challenge”, poimting ¢o the futility of man's attempte to stabi-
lize shore processes. Only one of their facts need be repeated
here, that a wave >m high transmits snergy at the rate of 100
kw/m of the crest line, equivalemt to a solid lime of 270 EHp
automobiles moviag at full throtitle! Suck m fact peintes to a
reason for feilure of engineers and shore developars to "control”
shore processges. Dolan snd Hayden (197%4) state the

new U.5. Park Service policy »2f adjusting to, not conirelling,
ghore procesges. FPrevious controsl attespts have swallowed
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420 million in Cape Hatteras National Seashore alone since the
19308, The foregoing has led te the adoption of new procedures.
YSet back lines" shouléd be established, seavard of which no
construction should cccur., dJetties should be of open construc~
tion so as not appreciably te slow longshore currents. Groins
are to be aveided. Damming of rivere and streams severely slows
the deposition of both minerals and nutrientes in the coastal

zone and care must be taken that this is not excessive. Forestry,
miniang, and agriculture should not be practised near stresms and
rivers so that rates of fleoding and siltation are not increased
(for a history of the siltation of San Francisco Bay, see
Pestrong, 1974, and for a description of the effect of land
clearing on estuaries, zee p. 12. Existing channels shounld be
ntiilized for access %o harbours rather than opzning new ones.
Cognizance must be talcen of coastal circulation cells in plan~
ning for development which involves either alteration of shore-
line or waste outfalls. Estuaries, marshes, and lagoonz are
"filters" (for both nutrients and pollutants) between land and
sea, and if access through them is necessary, an coffshors barrier
of rooted vegetation should be prcvided beyond the charnel.

In coastal development, the following should also be noted:

1. Adequate circulatieon in waterways, such as canals and
merinas, with short residence time for wster ig mandatory;

2. One method of protecting the water line back of a Yset back
line" is a "coasial interceptor waterway"” (Tabd and Heald,
1973} which preserves surface water sheet flow across ccastal
marghes and shores;

3., Development should emphasize highlands, not low coastal
marshy areas, or leow energy shores; and

k., Clark (1974) identifies many other eifects, such as runcff
ag a consequence oi development and agriculturs, the effects
of construction eite preparaticn, pest snd moasquite control,
and residential developwment. Great care muast bse taken to
thoroughly examine the inter-relationships of these sctions
in the preservation of our coasts and asssociated ecosysieuws,

Figheries Research and Management

Thig 18 & large and complex, as well as highly coutroversial, subject
of which only a few reievant features will be treated here. Below
are mentioned matters of broader peolicy. The next section on Marine
Reserves considers .some additional fisheries matterz (p. 55).

The essential point iz the sharp contrast between freshwater and salt-
water fishing as far as management is concerned. The former is sharply
controlled and the latter hardly ecntrclled at all, despite clear
evidence of need in many gquarters (most nmotably, high seas sport
fighing for mariin, other bilifish, and %una, and the very destruc.-
tive inshore reef fisheries of many natioms). There is probably no
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fundamental difference beiwesn frzsh and szlitwater fishing other than
& matter of scalz. In any case, research and masageuzment must empha-
gize gustainable yield and should be dedicated to the following:

&, Licersing of all fishermen, the fees to be returned to research,
management, and enforcement;

b, Establishment of geme and non-game species in which only game
species are allewed to be taken;

c., Establighment of sszazgon, bag, and possessgion limits on game
gpecies;

d, Estshlishment of zomatiocn for variocus fighling sctivities:

e, Regolution of zonflicls beblween fisheriss, tourism, and parks;
. Eavironmental enhancement, especially artificial reefs; and

g+ The merits of limited entry te fishermen,

Management should aisc receognize fundamental differences between
undervater (spear) fishing and surface (hook-and-line) fishing

(cf. Barada, 1974)., The former is more analogeous to hurting and has
three deleterious effects: (1) the imducemsnt of fear of man, (Z2) the
reduction in numbers of regidemt specize, and {3} the harzards involved
when ewimmers, viewers, and hunisrs cohablii the same savironment,
Therefore, spear-fishing is completely incompatible with unrderwater
viewing, recrestional zwimming, angd photography. Surface fishing is
capable of reducing some fish populations te an equal exteat as apear-
fishing znd can be hazardeus Lo swimmsrs, buit doss not induce fish to
fear man.

Managemant of Marine Reserves

This mection covers all "reserve' arsas {mes p. 26«30}, Access by
people to parke and reservas should be in accordance with conforming
use in which protecticn is paramount. In zome 2ases, human presence
must be forbidden, for instance in & colony of animals vhere human
activity would interrupt dbreasdéing. In other cases human activity ie
encouraged, for instance at nationsl seashores emphesizing recreation.
In either caase, preservaiion and/or menipulstive management (where
natural succession might lead %o habitat elimination) is paramount

in Ycore" areas.

8, Core vz, buffexr
In general, the core is to be left undisturted and research is
to be ron-maaipulative, Bducation, research, and recreation are
not to alter the values for which the cere area is established.
Buffer zonzs axe created te protect the core, to provide space
for wide-renging mevements of zplmals, to provide mpace for the
existence of rare or endangered ppeciss or for meanipulative
research. In soms important caseas, the buffer may be primarily
dedicated towerds restoration, protection of natursimess, or
understanding of natursl processss., HMost importantly, buffers
mugt agcommodate the shift of the core in casez of biclogical, .
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ecological, or geomorphelogical change, for example, the growth
of reefs or the movement of beaches. Buffers are usually of the
same biome as the core and can usually accommodzte manipulative
research whichk should not be carried cut im the core. Buifer
zones may differ fundamentally from the cere by not being under
the direct ownership or jurisdiction of the agency which manages
the core area. Therefore, control of human activity within the
buffer may be through administrative action, easements, or by
other means, emphasizing proper astewardship (p. 32).

Land and sea inmclusion

Deriving from the abcve, and the fact that the ceoastal zone is
an ecotone, is the requirement that portione of land, especislly
watershed and drainage areas, be included in marine reserves.
Thie can be accomplished by a variety of management or legal
procedures which will not be detailed here.

Boundaries

Boundaries for core areas should encompass entire ecelogical units
(habitate and communities) in so far as possible, including adja-
cent terrestrial areas. However, for whole ecosystems this will
be difficult. Seaward boundaries should include the outermost
reef or, for sandy shores, tc at least ths 20-metre contour line
or the territorisl limit, especially in areas where deep water

is close to the shore. DBuffer zones should encompass upstreanm
effects and contiguous ocean water. The buffer area should be
large encugh to incorperate gesomorphological changes which aiter
ehore boundaries. Marking of boundaries should be by means of
shore posis and buoys or matural marks, when these are available,
and clearly visible. When it is impractical %o establish such
markers, various distange cor cdepth delineation is required. In
such cases problems will arise with regard to policing, requiring
that these "invisibie lines”™ be sot with 2 much flexibility as
possible., In sny case,; boundaries must be ¢learly delineated om
2ll charts, maps, tourism brochures, etc.,

Legal mechanisms

These will depend upon the enasbling lzgislation. The uses of the
coastal zone may fall under & multiplicity of agencies. However,
regulation and enforcement within the core should be the responsi~
bility of the "Authority" established under the enabling legisla-
tien. The buffer should alse fall, if possible, under that
"Authority". Obviously, legal mechanisms fall within at least

two jurisdictions, the coastal state and law of the sea. The
distinction wetween the two is presently undergoing rapid change,
through boeth muitinational and unilateral sctions.

Multiple use
Thig may be permitted if no interfersnce with the purpose of the

park or reserve is contemplated. Severe threats to core areas

may be through mining, dredging, o0il and gas exploration or
exploitation, and coastal development, In some nations dynamiting
of reefs and shell and coral cellecting also pose severe threats.
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However, rightz of innocent passage znd/fishing or hunting for
migratory species in general pose litile threat to core areas.

Regulaticns for protection withir marine parke and raserves

These regulations mostly emphasize a series of restrictions which
gerve %o protect living and cultural values. They =zre epplicable
in areas emphasizing protection (as National Parks):

1. The taking of any iiving c¢reature isg prohibited;
2, Nom-living flotsam snd Jjeisaw may be taken from the beach;

3. Thsre should be an admisagion fee, proceads going to park
rezaarch snd management. Seasonzl ticketz should be pro-
vided for residents and Teuriets staying lomger than cune day;

b, No anchoring shonld be permitted om reefs. Buoys should be
esgtablished for this wurpose;

5. No perscon sheuld cut, carve, injure, mutilate, remove, dis-
place or break off any undsrwater growth or fermaticn;

6, No person zhould dig is the bottom or in any other way injure
or impair the satural beauty of the underwater ascene;

7. Na person should destroy, molest, remsvs, deface, displace,
oy tamper with wrecked aad abandoned zirborne or water craft
or any of its cargo. A4n exceptioen iz daugercus cargo which
regquires removal and safe cisposals

. No person should molest, kill, wouand, caphbure, frightem, or
attempt to moleat, kill, weound, capiure, or frightea any
apimal withla perk houndaries; and

9. Removal of shells from coastal areas of parks in order to
build roads or other industrisl uses should nmet be permitted.

Regulations for specific recreationsl use within marine parks and
regerves

These regulations will sddress seversl activitisz for which more
specific guidelines for management are necessary. Lhey are appli-
cable variably for areas set aside (zomed) for specific uses or
regulated i other ways, JIn sither case, approaches to these
aetivities are extremely subject to local pseds, law and tradition.

i, Water skiing, underwater viewing and swimming:
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Specific zores should be set aside for these activities,
Snorkelling and swimming are compatible with each other,
but neither is compatible wiith water skiing.

2. Beating:

R )

Private pleasure boats to be used im parks or reserves
should be anthorized for seaworthiness. Anchoring on
reefs shounld be prohibited sad buoys for anchorage be
provided in parks asnd regerves. ALl boaim cperating
within park boundaries should be licsased, temporarily
or permanéntly, or an eaniry fee charged.
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The taking cf fish within Parks should not be allowed, but
taking in Reserves may be permitited under comtrolled conditions.
The number of individual fish taken by these activities is
usually small, with some notable exceptiona. However, neither
should be conducted in the presence of the other nor in the
vicinity of commercial operations, due to the hszards involved.
Spear-guns should not be permitted, that is, thome operated by
means of a trigger mechaniem with the aid of elastic springs,
or compressed gas. The oamly allowable spears should be the
straight spear or Hawaiian sling, powered by a single elastic,
at the most. There exist rare exceptions to thim, either more
resgtrictive or more lenient, but such exceptions deserve c¢criti-
¢al examination.

The taking of fish should met be permitfted by the use of
underwater breathing apparstus.

Particulariy in the case of gpear~fishing, regulations oa
permitted areas, species, season, and possessionr limits should
be established, similarly to terrestrial huntiag.
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These regulations are largely oriented towards the establish~
ment ¢f a sgafety programme. They may be applied nation-wide,
if this is suitable.

&. Only certified divers should be permitted to dive in
parks and reserves or those not ceriified should be
required to take & checkout diwvej

b. Diversz should he registersed when in the park or reservaji

e. Diving should take place from registered diving or
private boats, and/or within certain areas so zoned for
the purpose;

d. Diving should be distant from areas of heavy boating use;

e, Special areas should be get asgide for SCUBA-diving, off-
limits to other use when the former aetivity is being
conductead;

f. Chartered dive boats should be liceased to operate in
parks and resarves, They should f1ly the diver's flag
throughout trips amd file & dive plan before departure.
They should maintain radic comtaect with park headquariers
throughout their trip. Special docking areas are advan-
tageous;

g« The diver's flag should be exhibited during all dives
and divers should stay within 50 m of the flag when at
the surface;

h. Otber boats shourld atay beyond 100 yards of z diver's
fleg;

i, Literature should be made available describing dive sites;
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j. If at all possikle safety equipment should be ascessible,
such as doth fixed and portahle hyperbaric chambers; and

ko An emergency system fox asesarch, rescus, zad treaiment
should he estsblished. Coordination of park or reserve
managers, dpalice, and medical and rescus personnel is
reguired.

Other activities within maripe parks and reserves
The following apprly to arceas outside reserves as well, but must
be given special attention within protected areas:

1. Coral, shell sad {ish collecting for sgouvenirs or pets:

Thaoretically, these activities zre permissible on "sustained
yield basis'. However, they should never be permitted in
core areasm., rractisally spesking, knowledge of sustained
yield and enforcement sre both inadequate to regulate these
potentially extremely harmful sctivitiea. Therefore,
collection of corsl snd shells ghould be prohibited, even
on a nation-wide basig, sxcept in case ¢f permit holders
whose activities should be carefully regulated. No living
shells, with rare exceptions, should he allowed to be taken
and any living soral ceollection sheunld be permitted only
after a review of permit application by the Advisory Panel.
The c¢ollection of fishes for the aquarium trade should also
be aubject to review by the Advigory Panel and in no case
should coellecting metheds involve poisoning or destruction
of the reefs.

2. Commercial fishing and collection of bhait:

Bait gathering on reefs should either be prohibited er care-
fully controlied on a rotating zone bkasis, but never allowed
in core areas, Commersial fishing must ot involve uses of
dynamiting or poisoning. Commercial fizhing meed not be
vrohibited in chanmels within reserves vhere migratory fish
are caught, and commercial fiszhing for resgident specise
should be allowed in reservee only afier critical examination
of need. The latter falls within general fisheries pelicy
(sge p. 51i=2

3¢ Legal resident recreation, fishing, snd bait collection:

Legal residents should have 2 right to recreation or to earn

a livelihoeod by fizhing within designated bounadaries of
reserves, but not in core areas. However, they too are sub-
ject to rules and regulations set up by the "anthority' or
within fiskeries policy. Spear~fighing shouldéd not generally

be allowed, though traditional, conforming, and non-deleterious
spearmfxshing may ke an exception.

Special recogaition must be given to traditional or subsis-
tence privileges. Thiz does not include commersial fishing.
Difficult site~specific problems arime over the definitions
of "traditional" and "subsistence', From an ecologicel point
of view, in mo ¢mse should the employment of any metheod oxr
ite expanzioen because of peopulation imcrease, threaten habi-
tats or populations, since this iz harmful te their own
longer-tLterm intereasts,
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Cnarter boat tours:

These should be licensed to operate im parks and reserves.
Anchorage sites shoulG be specified, as should the routes
for access. A& policy of limited entry should be made within
the confines of carrying capacity (see p. 47).  Anchorage
should not be on fragile reef areas and buoys should be
provided for this purpese. Boat operators may be designated
a8 rangers or wardens sc as best to take sdvantage of their
own interest in preservation of the area,

Underwater structures and vehicles:
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There is a great range of technology, either existent or in
planning, which enables an increamed number of persomz, such
as non-swimmers and tour groups, quickly and easily to view
underwvater life. However, in many cases, this involves
serious perturbation to and destrunctiocsm of uaderwater habitat.
A1l such plans should be carefully examined for impact ard
the ability of the environment tc withstand the techuology
and to recuperats,

Aguaculture:
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This activity is heavily dependent upon maintenance of good
water guality. It has vast potentisl in lesser developed

and industrialized nations aslike, but pollution poses serious
problems for the latter, It is not generally recognized that
aquaculture has potential pollution and other adverse effects
itself. Odum (1974) points some out. They include: organic
effluents from hatecheries, sedimentation freom raft culture,
toxic chemicals snd to contrel algae or disease, physical
alterations of the environment, removal of maturally pro=
ductive estuariss from the ecosystem, intrcduction of exotics,
eutrophic effects, and alterations of temperature or water
flow patterns., The creatiom of artificial habitat is related
to this subject and has been reviewed by Carliisle, Turner and
Boert (1964),

It is appropriste to create regerves for aquaculture, but this
activity should mot be permitted in most core areas.
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