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FOREWORD 

Many marine and marine-related ecoayateme are now in serious jeopardy 
and action to protect and manage habitats of critical importance to 
the survival of marine species is urgently needed. 

IUCN has asked Dr. G. Carleton Ray at The Johna Hopkins University 1

Baltimore, Maryland 21205, U.S.A.t to undertake a study on the conser
vation of critical marine habitats which involves the identification 
and description of such areas and preparation of plans for their 
conservation� The work is being carried out under a grant trom the 
World Wildlife Fund with additional support from UNESCO and the United 
Nations Environment Programme. 

One of the objectives of the atudy is to provide criteria !or the 
seiection of areas to be set aside ae marine parks or reserves and 
to prepare guidelines for their management. Dr. Ray has drawn exten
sively on material available to him from many quarters, particularly 
through his association with the Conservation of Ecosystems Program 
which was carried out until late 1974 as part of the U.S. contribution 
to the International Biological Programme (Darnell et al., 1974). The 
"National workshop on Sanctuaries" (Lynch, Laird, aid Smolen,�., 
1974) provides a background on marine sanctuaries relative to impor
tant new rr.s� legislation, the Coastal Zone Management Act of 1972 
and-the Marine Protection, Reaearch and Sanctuaries Act of 1972, and 
this ia aleo referred to in this study. However, the point of view 
expressed here is more general, in recognition of the fact that prob
lems and solutions differ in various regions and areas. 

Action has already been taken in various parts of the world for the 
establishment ot marine parks and reserves. The recommendations of 
international meetings, including the First and Second World Conferences 
on National Parks (Adams, 1964; Elliott, 1974) have been important in 
leading to action. Nevertheless, there is only a small number of 
sueh reaervee and, unfortunately� due to the nature of the coastal and 
marine environment, it is probable that few ot them ar& self-sustaining. 
Therefore, a broad ecosystem-oriented point of view ie presented here, 
particularly with regard to the value of parks and reserves in ecolo
gical research and in monitoring the impact of man. 

The present paper hae been prepared as a working document for those 
engaged in marine conservation in general or in the creation and 
n1anagement of marine parks and reserves in particular. It ie a 
preliminary essay and is being circulated to attract critical comment 
with a view to ite revision and expansion. 

The paper is to be read in conjunction with IUCN Occasional Paper 
No. 14, "A Preliminary Classification of Coastal and Marine Environ
ments" by G. Carleton Ra;r (Morges t 1975). 
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Karine conservation has an ultimate goal to iAcorporate the know
ledge derived from marine ecology into the fabric and practices or 
all societies so ae to assure the maintenance of the health and 
productivity of marine ecosystems and the diversit1 of life within 
them. To work tovard this goal, we must greatl7 amplify our efforts 
to identify habitats which are critical to the surviYal of marine 
species and biotic communities, and evolve methods tor their conaer
Tation so as to exemplify how the broader aim may be reached. 

The term 11 critical marine habitat0 is here taken to mean those iden
tifi�ble areas which are vita1 to the survival of a marine species, 
at some phase in its life e7cle, or of a marine habitat, community 
or ecos1atem, becauae of the ecological proceaaea that occur vithin 
it. fhese ma1 be extenai•e com.nnmities, such aa mangrove-sea graaa
coral reef systems, or small areas, such as rookeries for seals, er 
unique ar�aa, such as lagoons which are important aa whale breeding 
grounds, or aven terrestrial areas, such as watersheds vhich nourish 
an estuary. 

It is recognized that in the long run there ia only one critical 
marine habitat, the eea•itselt� The "marine revolution" in'which 
mankind is nov involved• requires recognition that civilization as 
we know it f or an improved life atyle towards which we etrive, ie 
dependent upon the health, diversity and stability of marine ayatems. 
Terrestrial areas alone cannot proTide sufficient food and other 
materials for the survival of mankind. Our objectiTe must be no 
less than the compreheneion and preservation of marine syetems and 
the cessation o! man's deleterious i�pacts upon them. 

Such an objective i8 simple to state and has been stated in Yarioua 
forms many times in the past. The aimple truth is that it is not 
being met -- notwithstanding many meetings and conferences with 
their recommendations, and the clear warnings which marine ecology 
provides. The establishment of a few parka and reaervee ie a hopeful 
sign, but ia aleo only a partial approach. !here is no alternative 
to a massive, integrated effort of scientists, social scientists, 
lawyers, politicians, and public relations personnel in a regional, 
vorld-wide attack on the problem. Ecological science muat take a 
lead since the primary need ia to modify man•a·life style to the 
realities of ecosystems which he is tar from unde1·etanding or coa
trolling in the sea and coastal zone, but which he is preeentl7 
deetroying. 1'he reverse approach -- i.e. modifying the sea to man 
or what he.a been called the "eagineering mentality" -- clearly will. 
not work in the light of our preeent knowledge or for the foreeeeable 
future .. 

How man handlee the coasta1 zone and the ocean commons ia perhaps the 
most critical isaue of l,! problematigue {ef. the Club of Rome), si�ce 
these areas are currently viewed as a placebo to the .. overuse of the land ,.
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Permanent solutions do 7.i.Ot lia in drawing lines about. vhat areas or 
species are to be exploited and what are :aot, nor do the1 lie in 
expansion of etate'.a rights, nor in pre;'!;ervation of tradition. They 
lie in new directions, partieula!'ly in facolog::i.eally-oriented, regional 
applications of eyeteM theory, ➔.:o. rea.dju8tments of life styles, and 
in alterations of prejudicial lines of thought� 

One such prejudice is that which exiate between industrialized and 
non-industrialized �ations or areas& The contrasts between them are 
real, but each is deatr u.ctive in its own way to marine re.sources. 
Industrialized nations have already destro1ed resources and have 
exploited much ocean space -- their own as wel1 as others -- in their 
short-term interests. However, there ia evidence that this trend is 
being reversed in some quarters� ConservatJ.on practice and theory 
have advanced and, most significantly, these nations have at least 
addressed the need to curb population and. per eapi ta consumption. 
Non-industrializ�d nation$ have deetro�ed more of their marine 
resources than would at first eeem apparentw A �ew have taken some

marine conservation action, such as the establishment of parks and 
reserves, but these oft�n are gestures toward the development of 
tourism. Many ha-ve laws on the booka for conservation of habitats 
and species, but these largely go unenforced due to short-term 
resource or economic needs- Most da.ngerou$ ia the lack both of 
technology for marine conservation and of population planning. 
With the notable exception of a very fe"' 11 ecosy-ste111 peoples11 , the 
non-industrialized na�iona may face a worse and even mor� immediate 
crisis than the industrialized ones 1 should present trends continue. 

So far, man I a approach to 11 critica.l he.bi tats" has been largely- to
identify rare, -threat�ned, or endangered areas or species and to 
make efforts to set them aside o:r protect: them. 'lieate:r:n. man, mostly. 
has reacted emotionally to loss of aeiSthetie Tfclues or scientifically 
to loes of genetic resources \lfhiJ.e at the same time eating, breathing, 
buying. selling 1 and therefor� des;troying, "'bat is common or ta.ken for 
granted ,. The "protectionist" approach emphasizes a drawing of legal 
or geographic boundaries, �hioh do not re�lly exist ecologically, 
around what ie considered, usually on. a. highly selective basis, 
exploitable and what is noto Such an approach may save the rare, 
threatened, or endangered, fox' a time at least i but only ao long as 
ecological support Bystems and processes are a.leo mai,ntained.. What 
such an approach cannot do is prevent the common from becoming rare 
or the clean from becoming dirty. Therefore, systems applications 
are required and this is espeeia.lly true and cl:i.ff:l.cul t in th� gigantic 
"sink" we call the sea, or the tortuous eaotone we call the coastal 
zone. In this coastal zone the majority of the world's people li•e, 
and the greatest diversity- of life on earth exists; from it man 
extracts about half of the protein he consumee, as well as a large 
portion of his recreation� 

Should present trends continue, that is i should population continue 
to grow, should per capita consU?11ptiou Gontinue to increase, ehould 
conservation continue to be p:i.ecemeal, and should. man's activities 
have the effect of creating leaky, non-viable ecos1stems, then there 
will soon remain but one end�ngered marine habitat -- the sea itself. 
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I-suggest that we take the approach that this ttlong-range" danger 11a7
now be upon ua even though we perfectly well know that the sea is far
from dead, that abUJldance and good environmental health remain in many
quarters and that restoration of many perturbed areas is clearl7 poss
ible. Some areas need to be set aside a$ parks and reserves. But the
overwhelming need is to meet the long-range goal stated above. The
short-range objectiTe of protection of certain critical habitats ia
the route towards this end.

Row long is 11 lon.g-rangett ? I would guess that if concerted and dYJtamic 
action does not proceed i■mediately, some now aliTe will live to see 
it. 

G. Carleton Ray
Morgas, 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. Pollution abounds, overfishing 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 lose of stability in whole systems. There can be no 
doubt that the total impact of man's activities on the coasts and seas 
is impressive - and frigh.tening in a world which still deludes i teel:f 
that the seas are a panacea to our overuse �f the land. 

The literature is extensive on this subject. Hood, g., (1971) reviews
the pervasive perturbations of man on the sea, and Clark (19?4) summar� 
izes problems of coastal ecosystem conservation. Edwards and Garrod, 
Eds., (1972) take an ecosystem-oriented approach to conservation which 
reveals many possible new approaches f�om fisheries management to radio
ecoJ.og·y in grappling with the many problems before us. · Ketchum, g., 
(1972) points out that natural coastal systems may no longer exist, 
that "optimum human use0 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 to the determination of 11 most 
sensitive organisms" for monitoring purposes. Both of the latter 
studies made a strong case for the reserve concept, a concept largely 
devoted to both preservation and research and which has evolved far 
beyond early thoughts on marine oonservation as implied by nparks". 
Lynch, Laird and Smolen,�.-, (1974) review the application of marine 
11 sanctuaries" for purposes of mitigating impact, research t and monitor
ing. 

Specific studies on the precise nature of man's impact, from geological 
to biological, abound. In a brilliant, concise paper, Inman and Bruen 
(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 leas 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 have limited flushing capacity which
contrasts strongly with ·the mentality which states: "the solution to 
pollution is dilution". 

11 
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Turning to estuaries, 1,rhich r•ank a.s among the most productive area.a on 
earth as well as among the most threatened, Darnell (1967) reviews the 
many perturbations which occur there and also state.at "The dreadful 
problem that we face is that there does not now exist in scientific 
literature sufficient informatio11 to e;uide ecologists in predicting 
the detailed effects of major environm�al modifications ••• n. 
A sample scenario of the sorts of problems encountered begins with a 
study of Likens and Bormann (1974) which showed approximately a 1500-
fold difference in sediment yield between a clearcut forest converted 
to farm and pastureland, and a stream running through mature forest. 
The differences between that same stream and a construction site in 
Baltimore was about 20,000-fold! This represents vast differences 
in the inputs of nutrients and pollutants between these three site 
types as well. Loftus, Subba Rao, and Seliger (1972) studied responses 
of phytoplankton to alterations in the phys�cal and chemical parameters 
of Chesapeake Bay and found that relative species compositions changed 
drastically. The conclusion raised by these two studies ia: whereas 
we cannot predict the exact impact of clearing and construction on 
estuarine systems, we can say that we are drastically affecting the 
life support systems of essential resources to man through ecologically 
non-conforming development. Is such development, or the experiment 
which could prove the final result, worth the risk? 

Two further scenarios are worth mentioninge '.I'he first concerns one 
of the most aesthetically and scientifically valued, and highly 
productive biomee of all - that of coral reefs. Johannes (19?2) lists 
the many serious perturbations of man on coral reefs; the total effect 
is staggering. They include a vari�ty of activities from souvenir 
collecting to siltation and pollution, the latter of which reduce the 
clarity of water and have a serious effect on coral. We are aware, 
for instance, of the symbiosis between corals and included algal 
"zooxanthellae" and of the cleansing rates of cora.ls 1 both of 'Which 
mean that silty, dark water� a.sis caused by some forms of pollution 
and dredging, is inimical to reefs (Gorea1.i, 1964; Lang, 1974). Even 
when coral reefs are included in parks, their protection is not 
a.ssured. Fer instance, Voss (19?3) has reported the 11 death 11 of patch 
reefs of the John Pennekarop CoTal Reef State Park in Florida because 
of outside, as yet unidentified, influences. Strong possibilities 
are pollution and dredge-and-fill activities. 

The last scenario is a reminder that the perils of pollution continue 
unabated in many areas. Here, the literature is huge, but among the 
most astonishing cases, to my knowledge, concerns damage to a whale 
which merely awam through the "boues rougesn (red muds) emanating from 
an industrial site in Italy. Pichod-Viale (1974) reports that the 
whale died because of deep skin corrosion and heavy metal impregnation 
through the damaged skin. Though this is an extreme case, it calla 
our attention dramatically to the pollution problem, and also to the 
fact that waters in many parts of the world are closed not only to 
the extraction cf human food 9 but even to human contact. 
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These are but samples of the problem of perturbation by man. It is 
clear that the valuable resources of the sea will not survive without 
deliberate managerial intervention on their behalf. However, it 
appears unfortunate that to date national and international ag�ncies 
have been only partially able to cope with problems of perturbation. 
So long as civilization's pattern of growth is sustained, the road to 
eoocatastrophe and the collapse of many cultures as we know them is 
assured. Nevertheless, whereas it is clear that our uses of coastal 
and marine systems must be altered so as to preserve their productivity, 
it remains to be seen how extensively ecological concepts will be 
incorporated into actual_ practice. It has been said that if history 
teaches us anything it is that man does not learn from history! 
Civilizations from Mesopotamian to Mayan have collapsed due to 
environmental abuse and there is no assurance that any present 
civilization is immune. For example we no doubt recognize problems, 
but it is astonishing how readily we reach fo� the quick technological 
11 fix11 • Forbes Magazine (Januar;r, 1975) c_e.rried .a.Ji article d!')scribin.g 
an underwater bulldozer, developed in Japan, 47 tons in weight and 
costing about $70,000, which some coastal city mayors see as a solu
tion to their beach erosion and restoration problems! There is little 
doubt that th�re is insufficient appreciation of the value 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 explosively expanding and his per capita consump
tion is increasing. 

Inevi t·abl rotection of coastal and marine s stems will interlock 
with the Law of the Sea. 1 have spo en of mani a dependency upon the 
sea as the "marine revolution", in analogy 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 still finds only a modicum of ecosystem thought 
in the LOS diecussions e There is still an over-riding concern for 
"yields" and "products" and a weakness in the formulation of long
term objectives. And there is very little 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 (Anon, 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 withstand fishing press
ure. 'l'he Workshop redefined some principles of the 1958 Geneva 
Convention by the addition of several emergent ecological principles. 
Most significantly, it defined resources as parts of their ecosystems 
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 managem:ent, nor the role of critical marine 
habitat identification and protection. 
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Clearly, systems cannot be divided on the bases of legalistic procla
mations about territorial limits any more than they can be separated 
by what is a 11 product 11 and what is not. The first is a largely econ
omic spatial decision, the second a value judgement, and both are 
ecologically unsound. A current example concerns the role of the 
Waddenaee. The value of this area as a nursery ground for inter
national fisheries is well known biologically. Living resources, 
that is renewable ones, are clearly of greater value than non-renew
able ones, as there is no theoretical limit on the time during which
they may be exploited. Yet the decision by some coastal states which 
have jurisdiction over the Waddenaee, or which influence it b7 pollu
tion, is reverse - its value is aeen as more important as real estate, 
as a dump, or for extraction of various non-renewable resources. 
What responsibilities do coastal states bear for stewardship of this 
critical habitat which clearly influences an entire ecosystem beyond
their jurisdiction? What ia the ecological unit, how can it be 
legally described and ho� can it be managed? One hopes that the UN 
Conference on LOS will come to -terms with such questions. 

Law of the Sea discussions and sub-discussions go on, seemingly ,!.I! 
infinitum (and often ad nauseam), but in the meanwhile, part of the 
answer to marine conservation i.s na.tional and .regional efforts to 
set aside parks and reserves. Genetic and ecologica.1 systems are 
valuable national and international resources which are theoretically 
perpetually renewable, but which are fra5ile. When they are gone, 
�hey are gone with finalit�. Mankind must protect samples of each 
major and minor type of habitat and community in order that ecosystems 
themselvea will be made known and protected. In the history of conser
vation, early efforts towards the establishment of reserves dealt 
largely with species protection, mostly those that were endangered or 
of interest to sportsmen or commerce. Associated with this was the 
protection of areas of scenic or historic value; still, the intent 
was to preserve wha'c was conceived "endangered' 1 and the objectives 
were not truly ecologic. How could they have been? T'ne science of 
ecology did not truly exist at that time. Later, habitat protection 
came to be entrained in these objectives, but it has been all too 
recently that we have realized that in very few eases 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 aeek to protect are not 
stable in time or space nor are they independent of their ecosystems. 
Migratory species, as many fish and marine mammals, are only protected 
in part by reserves set up for them. Further, the limited size of 
reserves implies that there will be loss of species and genetic diver
sity and control over the fate of the reserve ia 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 unstable and which can 
hardly be called "natural" at all. These etatements rest on the 
theoretical work of MacA�thur and Wilson (196?) and upon such analyses 
aa those of Diamond (1975) and Terborgh (1974). These have important 
implications .. in conservation. 
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Thus, very recently and largely through the ria.e of ecosystem science, 
we have come to know that what is really vital is the preservation of 
processes - evolutionary, genetic, 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 Heald, 1972). We know of nutrient 
"short circuits" in the .sea whereby organisms moving through ocean 
boundaries transfer 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 crocodilians 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, in 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 harveat or has little ecosystem 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 considered in their overwhelming 
emphasis on primary productivity. The role of large predators in 
nutrient transfer, nutrient pooling, 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 identif_ied "keystone" species as 
those which have a major environmental effect. The identification of 
such species is of profound importance. 

All components of ecosystems, 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 a clear warning 
about the exploitation of the "assimilative capacity11 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 la,,,yer' s maxim in a plea for an 
international "no releaaeu policy for pollutants: §!.£ utere m_ �
alienum !l2.!l laedas or "use your- own property so as not injure another's". 

In a related sense, Holdren and Ehrlich {1974) call to our attention 
the 11 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 on this planet. They also 
point to a vastly important fact of life, that man emphasizes the 
productivity of systems, whereas nature emphasizes stability. No more 
pertinent example oan be found for the man-nature conflict. Thus, 
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eqosystem evolution progresses towards E£. net community productivity 
because mature natural systems recycle nutrients efficiently. Man's 
11 aystems0 , such as farms, a.re simplified and recycling is minimal� 
Furthe�, we canuot depend on the >Ceans to solve the conflict. 
Holdren and Ehrlich point out that its vast bulk is deceiving; 99% 
of oceanic productivity takes place under 10% of its area and half of 
that is in the 0�1% where coastal upwellings predominate� According 
to late FAO figures, we are already harvesting over half of the poten
tial protein of the sea; at the aam� time, we are destroying the aea's 
production potentiaL What the result has been on stability is not 
known, but clearly there is conflict with natural processes and 
services. 

I have previously attempted to emphasize the ecosystem approach to 
marine parks and reserves (Ray, 1972 and 1974). Ray and Norris (1972) 
have emphasized the "regional management" approach to marine resource 
�anagement. Thia means that we must place our efforts on two levels 7 

the first of which involves systems concepts and the second of which 
involves implementation; pu't another way, we mu.at evolve a 13tra.teg;y 
for marine habitat protection and, flowing from thia 1 a l�chnigue for 
procedure. We must employ multidisciplinary efforts and effective 
information transfer so that our efforts will not be isolated. And

we must do these things rapidly. 

These are complex i!J!�ues., but we must not await the accumulation of 
comR�ete knowled�e_;-_an impoasipility, anz�ay - before taking signi
ficant action� Wallie (1971) was among the first to revie� the marine 
parks of the world. He laments that 11 paat conservation action has 
stopped, to a great extent, at the edge of the sea; resources beyond 
were 1 out of sight 1 out of mind'"* As far as parks were concerned, 
he was absolutely correct. Bjorklund (1971+) gives the most recent 
review of marine parka and. we see that even 110w these protected areas 
are pitifully few. Even more not&ble, there are few nations which 
have taken the ecosystem approach to marine conservation and none 
which have -truly implemented it. That is, the park/reserve/sanctuary 
concept ranks high 1 but what ha.s not been considered in nearly enough 
detail is how their establishment will make enough of an impact on 
man's perturbations so that present trends may be reversed or at least 
intelligently monitored. This clearly involves considering the long
range biological hesiltb of protected areas t their 1�e1ationships to 
the marine and terrestrie.l ecosystems on wh:i.ch they are dependent, 
and their utilization for research and monitoring. Utilization for 
recreation t as implied by 11 pa1.·ksH , is certainly important 1 but remains 
suhsidiary to these broader ecological objectives� 

Other aspects of this problem are that 11 parks11 and !!reserves" are set 
asicte by boundaries which are almoat always ecologically "leaky11 and 
the ve:::y a�tion of II setting a.side11 raises conflicts with those who 
often would be:1efi t most from marine conservation. Most notably, 
sport and commercial fishermen need more, not less, conBervation action 
in order that the natural productivity on which they depend may be 
preserved. However, fishermen often stand against reserves in fear 
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of losing t1rightst 1
• Similarly, hotel and property owners fear losing 

property value. Strangest of all, �ome who purport to appreciate the 
beauties of the sea {shell and coral collectors, for example) do not 
wish favourite areas to be put off bounds, but continue to exact a 
stupendous toll from the· sea. Therefore, park and reserve establish
ment is seen by many to be in comEetition 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. On the other hand, Moir (1972) points 
out that to some t conservation requires development; they object to 
large areas being devoted to narrow scientific and educational purposes. 
Is not knowledge of how systems work at the heart of the matter? That 
is to say 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-process 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 those actions 
through modification of them. Research and monitoring in natur�l· 
areas must determine which of ms�'s actions are comnatible, which 
prohibited, and which ta be modified. The standard must clearly be 
ecological, not socio-economic, and these determinations must be made 
o� a site-specific basis (McCormick, 1975).

There is a great difference between developed and lesser developed 
nations in their approach to these issues. The former tend to be 
"prese:r.vationistu 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 °Conserve.tion of Natural Areas and the 
Genetic Material They Contain11 clearly recognizes this and has made 
an effort to define "biosphere reserves 11 (UNESCO, 1974) which we find 
to be the closest present approximation between reserve purpose 1

ecological reality and the desire of many nations to monitor and 
control development. But it must also be emphasized that these 
reserves do not replace the older 11 park" and 11 reserve11 definitions; 
:ather they augment the park concept. 

"The concept of biosphere reserves involves a broad philosophy 
of conser�ation. The great changes in the world in the last 
decades have made it clear that a new dimension in conserva,.;. 
tion action is required, to provide both for the perpetuation 
of the earth's living resources in all their variety, 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 i�tended to 
provide this new dimension by the maintenance of ecological 
processes on an appropriate scale. The concept of biosphere 
reserves may be viewed 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 acguisi tion of kn.owl edge for 
improving man•a stewardship of both the domesticated and wild 
countryside11

• (Emphasis supplied). 
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I have underlined what I believe to be the moat salient thoughts 
which, if understood on an ecosysteoo level, describe the magnitude 
of the task before us- Inde!,d., J:l1e,_epiphasiE on f!'Oceasee an,,g_,£.t�:ta.rd
�iI? is no _small matter. !_ov lopger can. the 11 sett-ing as_ide11 . of marine
areas :fo!' their amenities !l,l?E._e, ,aa ,"parks" im,:e,1,��isolated
py.r'.Po.�e, for the ecological hea.l th of such en,com1ie.aseq_ are.� car:not
pe gy.ara.nteed .bx this means _alone. We must also learn. to think in
terms of the health of the -eystem within which reservea a.re located .. 
No longer may we delude ourselves by calling park establishment 
11 ecosystem protection 11 • I!"u:rther, the surveys we 1mdertake for the 
establishment of mari.ne parks and reserves muat in.corporate a new 
level of sophietication far beyond the level of platitudinous recom
menda.tion. 

It is ,._.idel;y recognized that a elas!,�,fice.tion scheme for bioti.c
province!! and ha.bi tats is a. necess�,r_x, f�rst ...!"t:t;.�,!;.e,s�� ata;e to auide
an inclusive selection of reserves. It should also serve to build 
red.undanci .. ,into the r�,��rve ei'stem to,_circumvent loss from :natural
catastroph����or Jhe.iEadvertent activities of man. It is not poseible
to define marine biogecgraphy in detail at present, but it is possible 
to erect a. pragmatic schem':!. Therefo1�e a. tentatlve classification has 
been provided in the form of a companion paper to this one (Ray, 1.975). 
This is, necessarily, a brief summary a.nd iis to be taken aa a. possible 
point of depa1·tu.re only. Dasmann (1972, 1973a) and the I!JCN {1974) 
have suggested classifications for terrt'-strial biotic provinces, empha
sizing vegetation. It would be facile to eay that a vegetational 
classification of marine biotic provinces is impossible, yet there 
are some h�.bitats for which i.t is esaential, n.a.mely see. grase beds 
where the nature of nut-rient recycling clo.se:ly approximates the 
terrestrial condition and where vegetational charaeterietiea predomi
nate o Unfortunately, no comprehensive vegetaticnal or floristic 
classification for the sea exieta. Presently� -water mases character
istics 1 in i�omhinatio:,j with henthic at.ructure a.nd zcogeograph:y, 
dominate marine claesification schemes, placing a level of comrlexity 
and dynamiem on them 1-ii th which those who deal with terrea�,a·ial 
systems are not uaually familiar. 

A second aort of classification ig that for protected areas, and it 
crosses both tech:uique and strategy .. That of Dasmann (1973b) poses 
some di:t'fi.cultieB when applied to aquatic systems sa there iis probably 
no such thing �a a "strict nature reserv�n an:,wher,e in th� aea. 
Downstream effecta and the mobility of the living and non-living 
constituents of' the hydroaphere mean that only a v�ry l(;oae definition 
of tnia term in coastal or marine environments is poaaible� Never
tbelcst:l, we do not propose to argue such points in deta.il her,a., 
Daamann's terma are qu:i.te sufficient for present purposes, though 
this paper attempts to redefine and simplify them explicitly or 
implicitly. 



Ecodevelopment 

The Lamb misus'd breeds Public strife 
And yet forgives the Butcher's Knife 

Auguries of Innocence 

William Blake 

But who are those that see no such dichotomy, who depend upon, love, 
worship, cajole, fear t use, or misuse their environment directly, 
and who have neither 11 public 11 nor 11 butchers11 ? Conservation is an 
activity required because of the impact of industrialized, "biosphere 
man", whereas "ecosystem ma.n 11 had no need of it. These terms are 
used by Dasmann (1975a) to highlight the diff'erence between 11 all of 
the members of indigenous traditional cultures and some who have 
seceded from, or have been pushed o�t of, technological society" and 
"those who are tied i:n with the global technological civilization". 
Dasmann draws on the term u:ruture primitive" of Gorsline and House 
(1974) for a new direction in both life styles and conservation. 
11 This does not mean the rejection of the best of modern technology, 
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 can be sustained. In such a way 
of life, nature conservation would necessarily be taken !or granted, 
since people will recognize that their future depends on the health 
and diversity of the natural world." Dasmann (1975b) enlarges on 
this issue, calling attention to the need to push responsibility and 
authority back to a more local level, reminiscent of Schumacher's 
(1975) marvellous title: "Small is Beautiful .. Economics as if people 
mattered"e 

Recently, I have queried: liHow can tradition, utilization, and con
servation be ma.de compatible in the sea? 11 (Ray, 1975), also pointing 
out the many conflicting traditional uses of ·the sea and the rapidity 
with which new traditions become incorporated into eulture•s fabric. 
What is not tradition�t is an ecological basis for hu�an behaviour. 
It would be a great error to equate traditional, subsistence cultures 
or e�oaystem peoples as 11 right 1t and industrialized peoples as "wrong". 
The above definition of Dasmann avoids doing so. 

Yupiktak Bista (1974), a publication of an Alaskan Eskimo corporation, 
asks the f,:nda.mental question: "Does one way of life have to die so 
another .can 1ive? 11 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, so 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. 11 This is a 
moving statement, but does it still represent a useful position for 
traditional culture and if ·so which ones and to what extent? Su.rely 
there are places where 11 cultural impact etatements11 need to be made 
as much as uenvironmental" ones 1 in the face of "development"! 
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!]iere is a mandate that �nservation 
1 

no .,i.e§_s ther. exploi tation1
recogniz�J:r!3;d:i,tiona.1 ar1d s13�_2e righ,t�� This not only culti-
vates good will but is part of the f�bric of simple justice. Never
theles1:;1, 11 traditiona111 activities do not long remain compatible with 
either their Oldn orig:i.ns nor with the dynamics of ecosystems. They 
a.re subject to external. influences and changing technology in exceed
ingly subtle waye �hich often escape the attention even of social
anthropologists. They also change through the i:ricrease in populations
of peoples recognized as 11 trad5.tiona.l" or "aborigina.111 or ".eubsiste:nce
orientedH .

How will it be possible to reconcile these problems? Perhaps 11 eco
development" ia an a.newer. The Government of Papua New Guin.ea has 
tentatively defined a set of guidelines, quoted here from IUCN (1975): 

11 L All our people have the right to a safe, healthyi 
productive and culturally satisfying environment 
which permits a life cf dignity and wel.1-being .. 

2. We are thE> truateeo of the environment for :future
generations and our approach to development muat
reflect this�

3� Pollution of land, air and water in quantities 
which cause the degradation of the environment. 
must be controlled. 

4. Habitat and wildlife management must receive con
sideration io. planning our development .. 

5. Protection and enhancement.of the environment
require� education directed toward living with
o-ur envi1·onment�"

These guidelines recognize the people's rights to be involved in dec
isions about acceptable patterne of development.. They recognize cult
ural and emrironmenta.l values together and the danger in aacri.ficing 
these for short-term e-conomi.c gains.. They are close to the concept of 
the Hfuture prim"itive11, i ,. e� ,, the achievement of a world-wide ecologically 
and culturally sustainable w1e.y of life.. The true meaning of II ecology 11 i>: ;  

brought back for '' eeodevelopment" unites man and nature� 

Jt is particu�arlL_impori_�!;lt �.9 ... 9-�Ye¼2£ _means b·,r which marine eonser
!!,tion may be integrated_ int?# ;p�t_ter}l� _2-t:._�.s,.odevel�en�2..J,u_ildin,& 
�-J:_2_Sa.l knowledge and customs1 and taking inJ;_2 s.ccount __ ti,� tional 
uses of the sea� Such an approach would link conservation with increas
ing the economic welfare of people in ways that are ecologically sustain
able and can therefore be enduring a This will not be accomplished by 
the same means everywhere. There is no more a i::;ocinl common denominator 
than an economic one for de�cribing "value11 • As McCormick (1975) points 
out: ,; A written document organizes and presents a.lternati ves, but the 
same policy cannot always be applied effectively everywhere. Local 
accommodation to specific needs and problems is the best means of safe
guarding the critical habi ta.ts to be protected. t, This does not imply 
a dilution in effort, but rather the gaining of strength from parallels 
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between culture, ecosyetem f and the aspirations of people. Ecodevel
opment needs to be explored as a meana to that end. The nature of 
parks and reserves will be dramrtically different in various parts 
of the world ns a reault. 

Man is forced, pending mueh greater ecological know-how, still to 
place as his highest pri.ority the protection of ecosystems and to 
interfere with them as little as possible. He is far from control 
by means of knowledgeable manipulation .. Therefore he cannot place 
socio-economic values before ecological ones. Yet, to imply a sharp 
line be drawn between the two would be a great mistake. Unfortunately, 
conservation is yet in its infancy in uniting the two e

The Nature of Marine Ecosysteme 

Before we procead, it is useful to consider the nature of the seas 
in general and the transitional/dynamic nature of the coastal zone. 
Three considerations are paramom1to First. no�one owns moat of the 
sea and this vast area of res nulliue or ree communis, whichever the 
approach to resources, impinges in important ways upon areas of 
national jurisdiction. Second i our knowledge of 111arine environments 
lags far behind that for terrestrial environments. Third, ecoeyetems 
are the largest functional units of tho natural world� characterized 
by recycling of materials and properties of homeoatasis. 

The following salient points on the nature of marine and coastal 
eyetems are adapted from Ray and Norris (1972) 1 Cronin,.!!!•, (1974), 
and Darnell(..!.!! ].lll.): 

1. Size and Mobility. The scale of marine systems confounds
think��g baeed on terrestriPl models. The largest eeos7ste=s
by far a.re marine 9.!!d we eann.ot aspire to include them, i_l! �'
in parks and reserves. Certain exceptions to this statemen.t
exiet t of course, but this ia a general pattern with which we
must cope. Whereas large-scale mobillty or migration of major
ecoaystem biomnse is more the exception terrestrially, it is
the rule at sea. Whole fractions of ecosystems move great
distances, limited only by behavioural and physiological
tolerances, or by the sessile or sedentary habit of some species.

2. Predominance of Water Current Among Environmental Factors.
Of all the factors of the aquatic environment, water current
is probs.bly most important in the live8 of marina organi_sms,
and an understanding of water currents is basic to aquatic
system management. Currents provide transport for many marine
organisms and their developm�nt stages. They transport chemical
nutrients and particulate food. They bring in oxygen and remove
wastes. Their force determines, in large meaaure-, which species
may exist in an area. Currents also determine the quantity of
freshwater �nd aalt�ater which enter 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. Management of a coastal 
or marine area rests on maintaining the normal current patterns 
as well as their seasonal volumes and regularities. Management 
must also be based on an understanding of currents in order to 
control upstream events which might reduce the quality of the 
water bathing in areao 

3. Ecotones and Transition Zone. The shore and coastal zone do
not separate land and sea, but unite them. Neither geologically
nor biologically can the coastal zone be defined as a complete
ecosystem; it is the interface between two systems and, charac�
teristic of such ecotones or transition zones, is immensely
productive as a result. For this reason, marine reserves should
not end on the shoreline, but should incorporate adjacent land
areas, either within their boundaries or in their management
plan.

4. Boundaries. The sea is not a continuum, though the boundaries
can be subtle. T'ne sea's texture varies with eddies, circulation
cells, currents, upwelling, salinity, and temperature, and any
of these may form boundaries in addition t,:, phys:i.ographic
boundaries by which terrestrial environments are largely separated.

5. Dimensionalit_,y and the Living Hydrosphere. Life exists on land
as a thin surface skin surrounded by an atmosphere which is
uninhabited on e permanent basis; thus, terrestrial systems are
largely two-dimensional. The sea is a 11 bouillabaisse" of
organisms, nutrients, degradation products, inorganic chemicals,
and pollutants. l'his 11 living11 quality of the hydrosphere, in
contrast with the "abiotic 11 atmosphere, adds a third dimension
of large scale to marine systems.

6 .. !'hysiological Continuity� Most aquatic animals are not "sealed 
off" by virtue of a relatively impervious skin, as land animals 
largely are. Most aquatic organisms are :in physiologic continuity 
with water and are generally very susceptible to foreign substances, 
pollutants, or nutrients, which enter their bodies with facility, 
then quickly are incorporated into the trophic structure. Excep
tions, of coursE:, are the air-breathing 11 re-entrants", i.e. the 
aquatic reptiles, birds, and mammals. 

7. Inverted P:yr,amid of Biomass. Terrest.cially I the greatest biomass
is found in. primary producers; much is locked into the 11 bottleneck
of ecosystems", cellulose, which is slowly degraded and recycled.
Aquatic systems, wj_th the notable exception of algal beds i 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
so that production on an annual basis is very great, but the
amount of plant material present at any one time is usually fp.r
leas in weight per unit volume of habitat than that of the
consumer levels.
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The "Sink'1• '�Downstream Effect 11 , and 11 Short-Circuits:�. 
Ultimately, rainfall and land drainage carry terrestrial and 
atmospheric nutrients, pollutants, and silt to the sea. Tb.us, 
the sea has been called a 11 sink11

• Forests, estuaries I and 
marshes are natural 11 filters rr 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 f�od cha.ins 
move through oceanic features both laterally and ve_rtically, often 
against currerlts, and provide nshort-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. 

9, Eutrophz. Oxygen supply is taken for granted in terrestrial 
environments, but it can be critical in the sea. Eutrophy 
refers to the over-enrichment of a body of water so that it 
becomes so productive that the biological oxygen demand may 
reach levels beyond the oxygen supply 1 thus depleting this vital 
substance and_ causing anoxic conditions. Large-scale die-offs 
of oxygen-dependent organisms may result. Particularly vulnerable 
are estuaries, lagoons, and the relatively stagnant bottom waters 
of fjords, enclosed 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 degree 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 biota would perish. 

10. Dynamis_!!!. Spatial and seasonal alterations of inshore features
reflect some of the most dynamic of all natural processes,
exceeded only by earthquakes, floods, violent storms 1 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 attempts
to contain or alter natural geomorphological processes are usually
doomed to failure a:nd are creating great problems (Inman and Brush,
1973). It is difficult to establish reserve boundaries which
enc9mpass such natural alterations as the movement of inlets,
banks. and beachesG 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 e�vironmental 
conservation falls within the realm of ecosystem science, that it is 
an immensely difficult ecological-social problem, that the descriptive 
phase may begin systematically with the aid of a classification scheme, 
and that techniques of description and implementation should flow from 
this base. -A lengthy discussion of c·onceptual approaches to marine 
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ecosyetem preservation is not appropriate here; some thoughts on the 
nature of marine systema have been exp.::-eased ar.d hopefully will suffice. 
The bulk of this paper ia more �elated to establishing an approach than 
to theory; some aspects of thi� ar� difficult enough in themoelves. 
For instance, for required detail, ve �ill have eventually to employ 
workshops to elucidate such queeitio11s as: "What juriedictiona.l methods 
shall w;-ernploy to resolve conflicts 'bietween recreation, fishing, 
coneervation q and mineral exploitation adjacent to or within marine 
reservea? 11 "What tradi tiona.1 VF.tlue1'5 are scoeystem-compatible and 
which are not?" u\ilhat are the interf&ces between land-oriented and 
marine-oriented c:onservath1n praeticee?11 ''How do geomorphologieal 
processes a:f'fect jurisdictions involved in marine habitat conservation?" 
11 What are the indicator apeci6s vhich we wieh to employ in the moni
toring of reae:rvea?" "What ie the nature and extent o:f the buffer 
zone in protecting the core reee:rve?n "How will the many national 
and international agencies responsible for (or interested in) marine 
conservation coordine.te their diverse (or conflicting) efforte?" 
Theee are among the many emerging matters which are dependent upon 
a sophisticated comprehension of warine syotcms. Most are already 
r�ceivi�g some attention in various quarters t but integration of 
interests ia not yet sufficiently strong� 

In conclusion, there are t�o concurrent eoneiderations. Firot� we 
muet work tovarde the identification of "cr:i.ti caJ.''' areas and the 
"buffer11 zones upon. which the ir..teg1·i ty- of the cz-itical ar•ae depen.de. 
The selection and deser�ption of critical areae must be done in such 
a way th.st many national and :t"egional ®ffo1·ta are compatible and 
comparativeo The selaction of what ia "critiaal 11 muet be according 
t� a set of agreed criteria. Some specific reserve function or set 
of functions for selected �reae must be identified from the start. 
Second 1 we must work to evolve a coniaxt for operation t baaed upon o. 
classification scheme and e f�rmat for information gathering for 
marine and estuarint,; habitats. Theae two aspeets eho,ald eYol ve 
together 1 not necee�arily sequentially� and guiaelinus for conserva
tion management vill evolve directly from the level of our under
standing on all l�vele, ecological ta social-

The rationale ia: _given we do not understand ecological proceas�e 
well enough to be able to pr�diet th� effects of man•s parturb�ti.one; 
KiVe� ou� desire to prot�et the integrity of �at�re; iiven that marine 
and estuarine ayatsms are too large to protect by �eans ot reeervea in 
their entirety; give� that the existence of a diversit1 of biotic 
provinc�s. habitats, species, and cultures of man is probably reflec
tive of ecosystei� processes iu tlll their complexity; therefore, let 
us set about assuring that diveraity in all its aspects im represented 
in prote�ted areas for the principal reason of underetanding those 
procee6ee and formulating proceduree for man's actions which will

neither jeopardize them nor - in the long run - man himself. Ae a 
corollary, we must see our efforte not merely directed tovards the 
protection of pristine remnants of mDJa or natur6 1 but also towards 
the reetoi·ation of habitats within already de'fae:tated, despoiled, or 
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perturbed areas (New York Bight, Florida's coaet, the Baltic and Medi
terranean Seas, the seas about industrialized Japan, some reefs of 
East Africa, Hawaii, etc.)". We must allow that man will soon have 
within his grasp the improvement of many areas as, for instance, ia

indicated by our stated desire to develop mariculture and to maintain 
the productivity of wetlands. 

There are olearly ecological, life-style and philosophical matters to 
be considered in our endeavours. Not all people or places are the 
same, nor should they be. The study of history, archaeology, and 
palaeontology give us a sense of the past and the fact of evolutionary 
change. The science of ecosystem ecology, with man as an integral 
part of nature, can aid in the development of the ethic that the only 
11 reserve" ia the Earth itself., The preservation of bits and pieces, 
ae "parka'' or nbiosphere reeervee", ie an essential interim measure 
which will be necessary so long as man cannot police himself and 
remains ignorant of - or ignores- natural processes. Ecoa1stem 
science, in our view, io thus essential, both in the �eduction of 
ignorance and the evolution of ethical values. 



BACKGROUND ON DEFINITIONS AND PRL,CIPLES 

,t2rrninology 

Definitions are import.ant� but must be interpreted with flexibility. 
It ie not u5ef'ul to quarrel ever semanties though :tt is obvious that 
terms have quite different meanings according to language and. local 
customs. The vi h.l matters are that habitats be preserved 9 that the 
purpose of protected areas be well-defined, and that they be managed 
according to ecological kno�ledge and a aet of enforceable and 
realistic guidelines, not that names merely be applied to areaB for 
which there is no real management or Gtated p�rposes 

Nomenclature falls into two categories, title and function& By 
"title" is meant simply what iwe <::all the area,. Function is eonsidered 
below. Dasmann (1973a)consi1iers aepee'tg of both for terrestrial pro
tected areas, but it ie my b�lief that we can make a simpler effort 
here. Bel1ing this is the 6Ummary given by Bjorklund (1974) in which 
52 marine reserve names are now in use! Neverthelea�, a few examples 
may suffice to cla.rify q Blumberg (1974) deec:dbes 11 aanctuaries" in 
the Commonwealth of Massachusetts; these actually dese�ibe administra
tive zones for control or prevention of aeti�ities on the sea bed, 
8Uch as eonetruetion, removal of aand or gravel 1 incineration, dumping, 
and the discharge of coolant water,, '.eb.us 1 auoh a 11 sanetuarz,11 is 
ha.rdly complete, but serves cri tioa.1 control purposes. The U.S. 
Department of the Interior (1973 a, b, e) 1.:akes a broad view in 
defining e.n "ecological ra.nge11 as encompassing entire or nearly entire 
biotic units or ecosystems eubstan.tia.11y unaltered by the actions of 
man and na.rea.s of ecological concern11 as tho6e which t1 contain resources 
that are part of the total ecosystem; and whieh if compromised, could 
endanger resources within the p�•oposaltt � Clark (1974) identifies 
11 v, ital areas11 , :t area.s of environmental concern" , 8.nd II s.reae of normal 
concern11 which he :notes a.re analogous to the ilpreserva.tion11 

• "conser
VD.tion" j and 11 de,v-elopmentt1 zones established by the State of Florida 
( see also J oh:nJSon t 197 4). Last 1 

11 research natural areas" deeeri bes 
both title and function and is a name extensively used in the U.S. 
It ie even ineorpora:ted into th� Fs::dera.l Committ;ae for Ra9earch Natural 
Areas which is currently attempting to identify such places where study 
cs.n be ms.de ot gene pools and the Btructu.re and function of natural 
communitiea tc pi·ovide baseli.ne data for long-term monitoring of 
environmental quality @ 

In short, names are important, but they should ngt eloud the major 
issues of ecosystem preservation through the establishment of a series

of reserves. For purpo8es of this paper, four terms (titles) are 
paramount: 

1, Reser�e- An inelusiv� term for any area which ie set aside for 
special purpose6 and for "1hich management guidelines a.re estab
lished. Most of Dasmann 1 s (1973b) terms applye Thua 1 a marine 
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0reserve11 may incorporate only the single purpose of a moratorium 
against such exploitation for a region within which few other 
reetrictiona exist or of setting aside an area to protect. breeding 
grounds for which there has oeen no previous protection. Other 
reserves prescribe against certain deleteriotts extraetiTe use, 
for example oil, gas, sand, or graYel. Still oth$r reserves may 
emphasize scientific research (i.e., research natural areas) or 
sporting activitie-s ,. "Strict" nature reserves may forbid all 
trespass except under permit (Antarotioa 1 s Specially Protected 
A.reas) .. 0Sa:uetuaryn is a kind of striet reserYe, but with widely 
varying application (of. Lynch, Lai�d } and Smolen, 19?�). 

2. �- A kind of reserYe in which recreation and/or public educa
tion are emphaaizede

3 • .2£!:!.• The park or reserYe itself 'tifbich incorporates the ttcritieal 
marine habitat 11

• In many cas&s, more than one tthabitattt is 
included. In others, historical or archaeological sites comprise 
the central feature. 

4. Buffer. An area adjacent to or surrounding the core and upon
which the core depends, or vice versa t in the eeoeystem sense;
i.e., an uarea of ecological concern" ae it is sometimes called.
Thie is the hardest term to define. What ia "critical" may not
be known .. Once a core area ie acquired, it may prove :u.ot to be the
critical one or, in the oase of geomorphological change, it may move.
The difficulty lies in the identification. and. prediction of natural
processes ..

Reserve Function 

Protected areas or those managed along sound ecological principles 
serve a number of highly relevant purposes. Firet, they tell of 
natural proeessea and serve as areas in which to measure man's 
perturbations. Jenkins and Bedford (1973) emphaai�e the importance 
of environmental baseline data. Aa Moir (19?2} pute it: ttA greatly 
augmented, purposeful, national and global natural area system can 
provide an invaluable biological basis for measuring man's impact, 
and hie future aecurit7, on this planet". Eeosyetem research, 
especially that whieh ie proeeae-oriented, is central to this task 
and reserves must be set up in aome of the most productive and 
desirable plaeee, itt terms ·of value for exploitation, so that we l'llay 
do research towards th& deYelopment ot predictive capability. Second, 
reserves serve to protect species and-habitats which are endangered 
by man and which embody·unique processes and/or genetic materials. 
Obvious candidate species are large vertebrates such as birde, marine 
mammals, turtles, and crocodilian•• Obvious candidate areas are 
productive eatuaries, mugroves and coral reefs. There are seTeral 
other fi.lllctiona, b�t what pa�ka and reeerTea cannot do is eurTiTe 
intact outside the context of the eeosyatema of which the7 are only 
a part. Thug, buffer areas must be established to include the eupport 
systems which usually deriTe largely fro■ outside the core areas. 
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The preceding relatea to the identification of natural ecological units, 
such as habitats or eommunitiee or ecosystems. There is an.other rather 
different i but no less important, use relating to education, the preser
vation of cultural values or of tradi ti.onal u.se 1 and the continued 
appreciation of nature t s a�enities by mankind in general. The tvo 
might be contrasted by saying that the former is ecological, the latter 
cultural, but a false dichotomy between man and nature muat not be 
erected. Eco-preservation and eco-development enmeah the tvo in�ep
arabl:,. 

We must now relate terminology (which is less important) with function 
(which is all-important). The former simply deaor.ibes a three
dimensional space. The lat�r describe� our philosophy and use with 
regard to that spa.ca,. Su.rely, the t'llio are difficult to separate, or 
inevitably semantics suggest both; the point is not to let semantics 
interfere with our intent. To that end, I offer a condensation of 
funotioaal definitions which have been widel7 used heretofore: 

l. Habitat, preserTatio�. 1'hese areas are primarily for p�otoetion,
and management of essential or specialized area components of
marine systems.. The nmnagement emph.aai8 ie on prel!'lerva·tion so
that representation of ·l;.he diversity of habitats in the coastal
zone and adjacent waters shall be maintained. Preservation of
endangered species and habitat� must, by definition, involve
unique areaa either b@caase man has eliminated a component of
the area ('t;be endangered species) or because ainailar ar$a.e :no
longer exist� Leng term research ia ea�antial for the contin
uation of these speeiliHS or habi tata 'i including natural population
studies, reproductive bi.ology and rec:n·iai tmfJnt. rates, @nergy flov
and nutrient �ecycling, carrying capacity, husbandry and pathology,
impact o:f perturbation. and tht:l' extent o! t.he buffer zone, and
alternate areas for propagation of endangered species� HoweTer,
studios should be on � 11not-to-i:,1ia1rrere 1t 'kuuda � so a.re primarily
observational vith a minimum of sampling. A notable exception
to the latter point is: vhat to do about preservation 0£ su.b ..
climax conditions? This will require careful management,
especially in small .reserves vhere limits of space in•terfere
with creatio� of new habit&ta

2. §pecies ueservation or conserva�!on of !�Xh�tic resouroee. In
order to maintain apeeies populations there must be a divereity
of areas for proteetion of migratory pathways, apawning groUD.ds,
nursery grounds, and feeding areas. I� some cases this involves
the preservation of existing conditi,one, in othere the re-esta'b
liahMent of former inhabitantso In all cases, reaearch �ill be
mandatory for the clarification of environmental correlates with
the particular speciee 1 presence or abundance� In other �orda.
why is the specie� there, with what does it compete, and vhy are
there as many (or as few) as there are? The eame statement with

regard to subclimax stages applies here aa above.

3. Reaearche These ar�aa are for scientific reaear-0h, monitoring,
and to establish ecological baselines against whi�h to compare
and predict the effect of man's actiTitiee. Most iaportant,
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they ar& necessary to develop an understanding ot natural processes; 
without which neither reserves nor man himself ean survive. Two 
basic· subdivisions are posa.;.ble: (a) "natural histoey11 in which 
observation and a minimum of manipulation are involved. This, con
trary to eo�e opinion, may involve extremely sophisticated method
ology, such as remote sensing and telemetr7. The emphasis is 
observational which is the only type of research to be permitted 
within a e.trict natural area; (b) 11 manipulative 11 in which some 
disturbance ia esaontial in order to comprehend ecological pro
cesses. A particularly important example requiring manipulation 
involves euccessional stages, emphasized above. Cronin, edo , (1974) 
considers research in greater detail. Randall (1969) empbaizes 
the importance of natural area preservation near marine labora
tories: "More than one marine station has all but lost its raison 
d'itre because of pollution, ehore alteration by dredging or 
filling, or b1 excessive collecting of marine organisms in the 
Yicinity-u . 

Recreation education and aesthetics. Sueh areae protect scenic 
beauty and/or complement and enhance areas for enjoyment and 
education of the public. Education and training should be on at 
leaet three levels: public education, training and education of 
park specialists and environmental managers, and higher education 
and reaearcha There are several types of educational and recrea
tional activities from those having a close relationship with sport 
to those which appeal to the artist -- or both� The latter is a 
highly personal matter and no strict definitions are possible, or 
should even be attempted. However, an essence to be emphasized 
is that interpretation may take many levels. An imaginative and 
creative interpretative programme is one of the key elements or 
potentials in marine parks. Films s displays etc�, will be impor
tant to inform poeeibly unfamiliar groups about the marine environ
ment. 

5. Special o� cultural purpoa!.!• Unique areas may be necessary to
protect geologic or oceanographic features, tor instance the
Phosphorescent Bay in Puerto Rico, a habitat type which is rare
elsewhere. and even degraded there. They may also protect a
cultural heritage. The latter point ie important. Auburn (1974)
states that: "Over extensive areas of coastal sea.a, skin divers
have already looted and destroyed a considerable number of ancient
wrecke in shallow waters". Protection of such sites is a difficult,
often controversial, matter. "Wreck-hunters" have been a dominant
feature in the scuba-world and, whereas many discoveries of Talue
have been made, many sites have also been destroyed by thoee ot
selfish or greedy motivation�

6. Multiple use. Cronin, .!!•., (1974} examines this term from a largely
ecological standpoint� All that is really intended ie an expression
that several purposes may be carried out continuously or contiguously
in a reserve. This requires careful management, but is not to be
taken to mean a dilution of one value to the advantage of another,
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such aa has occurred in aome forest reaervea which alaso purport
edly have 'broad scienti:fi¢ and wildlife value, but. in which the 
latter are clearly secondary� A current e�ample of multiple use 
in the sea is tha oil and ga,E,; induatry 1 � e.cceptance of 11 eanetuary11 , 

but only insofar as the indus;;ry is not exclud.ed (Hay, 1974) � 
Now we have two sets of terms� area de�iptiv� and area functionalo 
A combination is necessary for full description: i.e., "a reserve 
for multiple ·uee11 

1 
n a park for edu.cation tt 

I n a cor-e area for the 
preservation o:f a coral ree:tn , 11 a. buffer zone for research, education 9

and for natural sucoesaionaJ� changell � etc.. x�. any case, the tvo sorts 
of titles should be clearly defined. 

In conclusion, I cannot emphasize too gtro:ngly- the need fer incorpora
tion of reeearc:h and education within all reserver.:� '.('he threat of 
man's activities to natural ecosystem health and f.ltabi.lit;r pose crit
ical problems for civilization;e sur-viYal& §ysteme of, _national an� 
international marine and eet"qari�e ec,,,2].:9jsi¢al res�r..Y..!li, $fflb?ft.Yin_g 
senetic and_ecQlogical 4iversitx, ,!Jhould be subject to investigations 
on the scientific l:!� of preservation& Reserves should be "reaer
voira o! 'biological .epeciee j physical phenomen�. naturally functioning 
oom�unities, and existing habitata11 (Lynch, Laird, and Smolen, Eds .. , 
1974). Not only must rsr.e and enda.ngered epecj_as and habi•tata be'"'
studied under a variety of" condi tio:ns ,aio as to evol·�e pr,ocedur�s for 
their continuity, but the structure and funetio�- of natural eeosystems 
mnet be atud:!.ed, as opposed ·to thoi,e stressed by man'a activities. 
From such study will emerge baaeline data for long-range monitoring 
and a cadre of trained pe�5onnel to do the work. By means of educa
tional programs, a better-informed public may prove able to make better 
and less costly environmental deciaioneo 

Thus, the function o! res0rvee1 :i.s prima:f'ily preserva1:1.o:n, but e.lso 
incorporates education, recreation, and eep�i:ially- ·the pote�t:i.al for 
research in its fabric� 

The following a�ggest a basic philosophical !U\d practical approach to 
critical habitat ma:u:1.gement a.nd are a condensation of much of what has 
already been stated. 

1.. Ecocentrism. Strong arguments for aoe:i.o-eoonoadc (i.e., homoecntrie) 
deciaions---;;a land use persist� There should be no man versus nature 
dichotomy i� resourC$ deeieions� 0� the other hand, eocio-econoaic 
ismuea should be "econdary to ecocentrie: onee in the deeisio11-maki11g 
process. The nature of acoa;rateias is our param.ount concern, not 
to be diluted by overridi.ng co».cern for monetary value, non-conform
ing social cu1Jto■, or nneeds t1 and 11 deeiree11 �hich may reeul t in. 
deleterious environmental imp�ct o Tha education of social 80ien
tiata, lawyers, businessmen, engineers, politicians, and economists 
in the essences o! ecosystem dynamics ie a goal worthy of pursuit� 
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z� Conforming use and controlled growth. When numbers o! peoples 
are small, use may be lees important to control. However, the 
concentration of populations on the coastal zone requires careful 
control of man's actions there. Also, although no human.popula
tions actually live permanently on or under th� sea, traditional 
and eucodified Law of the Sea has promoted laissez-faire attitudes 
and common property uses there, most of which have not l&d to 
ecologically conforming use, in the senee that the objectives 
of man a�d ecosystem processes conflict. Tb.is implies controlled 
growth which may mean positive growth, negative growth 1 or� 
growth, depending on the area in question ,. Reserves serve impor
tant functions in the control of growth as vell as in preeerTation, 
and one of their greatest values lies in the monitoring of grovth 
as it affects ecological processes eo that the biological support 
system� cf the sea for man and other organisms will not be allowed 
to collapse as a result of man's perturbations. 

3. Zonation, research and monitoriag. The aim should not be only
the identification and setting aside of critical areas; it is the
zonation of the coastal. zone and contiguous seae in the recognition
of ecosystem structure and function, and of man's conforming use
that is essential. Research and monitoring will lead to prinoiples
by which zonation can be appli•d• It will also lead to a flexible
approach as is indicated by geological, cultural t or other altera
tions; i.e., zones will change in accordance with their use and
ecologic health.

l+. "Aeaimilative capacity" of receiTing vaters. Thie ia a term of 
conTenie:nce used in the 0 engineering11 of the environment. Surely, 
natural subetancea are assimilated, but the analogy should not be 
drawn that foreign. substances and pollutants have a threshold 
concentration below which there is·no "sign:i.ficant11 effect on 
the ecosystem. It is probable that this concept is a myth, that 
we have simply not learned to recognize insidious, chronic effects. 
Odum (1970) mentions aome of these with respect to estuaries. 
A "no release" goal for pollutante is to be highly reco■mended 1 

even though difficult to achieve. 

5. Site specificity. It is difficult to generalize management to
cover all cases, from areas where maintenance of water quality
is paramoW'lt for the maintenance of productivity, to areas where
parks are established for tourism or wh�re sanctuaries are estab
lished for species preservation. It is also difficult to extra
polate between the preservation of small representative or unique
habitats and the large, systems-oriented Biosphere Reserves pro
posed by MAB and it ie difficult to establish guidelines for the
management- of biologically-similar areas which are subject to
quite different political systems. ReserTee should usually be
set aside in perpetuity, but it is also desirable to establish
reserves of a short-term nature where, for example, reetoration
and later use are contemplated .. ReserTes may be exelusiTe of
any use by man or merely be areas wherein certain administrative
guidelines are employed, for example, the prohibition of ehell
and coral collecting in Kenya's marine reservee. So it is
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essential that the function of the reserves be ma.de absolutely 
clear and that management proceed accordingly within both general

principles and site-specific requirements. 

6. 2._tewa.rdsh.ip. Beaches move �q::cording to CNi.atal currents and the
impact of storms,and mangrove and marshes �re highly transitory
interfaces. In both cases, changea occur within human lifetimes
such that serious jurisdictional and lagal problems arise when
the protected a.rea5 themselves move and undergo succes:dona.l
changes. Row does one protect s�ch dynamic proceaees in a world
which seeks to stabilize habitats and boundaries? Purchase may
prove so difficult and costl;r that :perhaps it is ueef'ul to
consid.er not the geographie boundaries involved in "ownership"
or precise jurisdictional delegatio21 t as reserves biply 9 but to
turn our attention to llstewardship". This ::l.nvolves a highly
imaginative approach to 11 :reservea" and. the solution of juris
dictional conflicts in unique ne� ways. The Coastal Zone Work
shop (Ketchum, ed.� 1973) identified some of these in the follow
ing categories:-

(a) Alternative means for regulaticin of coastal development
besides the taking of private property (easements and
the like).

(b) Improvement of statute.a and admir.dstrative regulation.

{e) Incr,;1aaed access of all to administrative and judicial
p:roceedinga. 

(d) Establiehment of local review boards for review of
decisiorui..

(e) Establishment within the judiciary of an Environmental
Court with broad jurisdiction.

Public disclosure. This is. in moat circumstances, to ·be highly 
recommended·rn all ca�es involving coastal development. Bovever, 
some areas are ao isolated, with difficult accessibility, as to 
qualify as 11 natural reserve5u without protactive measures being 
taken. Adver-titJement of thei:r existenee can, in some eases, 
precipitate exploitetion 1 and care must be taken in disclosure 
of some of the best areaa, especially reefs, in advance of their 
protection a.nd specification of enforcement procedu.res. 

Regional agr�ements. For a majority of marine and coastal areas. 
downstream eff�cte involve the necessity- for regional, international 
approaches to conaervation6 Such should be incorporated from the 
start, particularly with regard to pollution control and re6ource 
exploitation, but in ar&a8 where this i� presently impossible, it 
remains an eventual goal. 

Cultural and traditional values� This exceedingly difficult 
matter has been discussed above under Ecodevelopment {p. 19)� 
The incorporation of such valuea into habitat preservation in a

changing world involves the most careful, detailed, an.d sensitive 
consideration which must, however, be interpreted so as to avoid 
ecological compromise� 



ECOLOGICAL APPROACH TO PLANNING 

Marine and coastal conservation must proceed from a kriowledge of 
marine ecosystems and their interfaces with the land. Such know-
ledge must derive from studies of processes under the controlled 
conditions possible mostly in reserves established for the purpose. 
There is simply no substitute, either in conservation or 11 enlightened11 

exploitation, for the comprehension of ecosystem processes if man 
wishes to maintain the productivity and integrity of the seas while 
he uses them. Thus, marine reserves should, wherever possible, incor

porate research as a major objective. In addition, 11 planners 11 must 
incorporate a broader ecological base into their work .. 

Strateg;z 

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

1. Survey. The Classification Scheme (Ray, 1975) may be used as a
background on the basis that habitat survey is reflective of
eco·system processes. The ini tia.l survey thus should include a
summa.ry of habi ta.ts and community structure within the survey
area� It also should include a catalogue of perturbations so
that it may serve to prioritize conservation action. �nis survey
is to be a relatively brief collection of existing and/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 aleo identify people and logistics essential to the
following steps.

2 .. Selection. Critical areas inclusive of all habitat types may 
now be designated according to agreed criteria (see below). 
Priorities must be worked out, designating the most critical 
areas, i.e. those which are not negotiable in ecolog±cal terms. 
Also to be included are cultural and educational criteria, as 
their application will identify areas possibly not "critical" 
in the ecological sense, but also worthy o_f protection. 

3. Deecrintion. Selected oritical areas should be described in a
computer-compatible form (see Area Description below). Area
purposes should be identified 1 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 a.nd management.

33 
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The Guidelines below may serve aa an outline of subjects to be 
covered. A zonation BC:heme for use of the coastal and marine 
environment should be incluiad. 

5. lmplementatio�. Authorities must put a coastal and marine con
servation plan into action, either by executive action or enabling
legislation. Both approaches usually are required��, for instance,
executive action for the immediate protection of certain most
eri ti cal a.reas or to cause ceaaa.tion of harmful practices, foll
owed by more detailed i programmatic national legislation.

6. Detail,e4_. ,Resear<:!1 and �..a.p.J!K�en� �.efinement., An implementation
programme will lead to the necessity to evolve detailed site
!lE�.C.!.!1£ SE,idelines and a research and monitoring progra'iii"in'e7
Research must be dedicated to the mitigation of man's perturba
tions, to restoration, and to the development and managsment of
parks and reserves. Such a study must not omit socio-economic
issues, but the major thrust still must be ecocentric. Thua,
the investigation of the scientific basis for natural area and
ecosystem preservation must inelude man, but it mu.st not tread
in fear of socio-economic �.nd trnditional p�liciea and practices
which clearly pose threat�� The practical side of thia question
concerns the high priority effort towards the diecoverv. of the
legal and financial �eane by which pr�!1'rvation may be achieved.
Research and management should be carried out so that feed-backs
are generated leading to: (a) the formulation of new management
policy based on the latea-t research results, and (b) the posing
of new questions to the research comt:1unity. The }.ong-term nature
of research and management, direct*d towards social adjustments,
is to be emphasized!

Criteri& for Selection 

The Clasoifie;a.tion Scheme (Ray, 1975) should be ,.1sad as a primary 
reference for the development of a eystem of reaervas ""hich shall be 
inclusive of habitat types and re:flsctivflt of eeoaystem processes. 
Included in this effort� we ask: "How inclueive of habitat types are 
existing reserves; what are existing management practices; how 
effective is present protection; and vhat among those habitats not 
already protected are suitable for preservati<m?". Thia lead.a 
immediately to the need for detailed criteria for further selection 
and for determination of reserve function" 

Criteria may be used in at least two vays. First, they may be ueed 
to judge the quality or applicability of areas to fit the requirements 
and functions of reaervea and, second, they may be used to determine 
priorities for the moat suitable sites vithin a aeries of candidates. 
ln either case, we should be careful not to pick only the oingle most 
que.lified or few top candidates for at least tvo reasons. Foremost, 
we must incorporate conaiderabl� redundancy in a reserve system and, 
secondly, no ·t.wo areas are precisely alike. T'.ne latter point involves 
a distinction between what. ie Hrepresentative" and what is "unique". 
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The various criteria should not be applied with equal priority to all 
candidate areas for the simple reason that area characteristics and 
functions will be quite different. It should aleo be obvious that the 
priorities will shift according to the purposes for which a reserve ie 
to be used. A good deal of judgement in their application is necessary. 
The following is a list of criteria mostly derived from several sources 
(cf. Cronin, ed. 1 19?4; UNESCO, 19?4; Jamee Dobbin, pers. comme)$ 
The criteria are here arranged in three sets. Significant in ite 
abs�nce is a eet of criteria pertaining to ecos1stem man and eco
development, a eet which possibly could be drawn from the three sets 
presented� 

A. Set 1 - Ecological criteria

l. Criticalneae. The degree to which important life stages or
entire life histories of apeciea are dependent on an area ia
an important criterion. Obvious cases _are areas where rare
or endangered species are present. Others include the feed
ing, resting, or breeding areas essential to marine reptiles,
birds, o� mammals. Examples are: Laguna Ojo de Li-bre
(Scammon'e Lagoon), Mexico, for calving of Gray whales,
Eechrictius robustua; Round Island, Alaeka, as summer habitat
o! walrus, Odobenus rosmarus; the many essential feeding areas
for shore birds and Sirenia; the many nursery areas used by
fishes o In emphasizing these critical areas t ve muet not
forget those of a different sort, i.e., those whioh are crit
ical in terms of production or other processes. ThuQ, sea
grass beds and mangrove swampe are critical areas for detritus
production and for nutrient conversion to other production
such as fisheries and coral reefs. That is, not only muet the
endangered, rare� aesthetically important epeciee be considered,
but ve must also give increased attention to species of trophic
significance, areas where processe� are beet exemplified, and
upstream and downstream areas�

2. Representativeness and/or uniqueneea. Theee two terms can be
the extremes of a spectrum. A 11 unique11 area i� one that is
re.re I whereas areas which are repre11enta.tive fit well into the
classification scheme, i�e $ , they are typical of biome or
habitat types aa they may exemplify processes, transition zones,
eeotones 1 or subclimax situations of either undisturbed nature,
or of interactions between man and nature such that some compara
bility between example areae is evident. On the other hand,
unique areas (aa the Puerto Rico Trench) can also be repre
sentative (oceanic trenches). In either case 1 

unique areas,
i.e., rare habitat or procees examples, naturall1 rank high
in priority as the,- are 11 one-of -a-kind11 

• Bow ever, exemplary
areas, i.e., the "best" sample areas among many representatives,
rank equally high. !n either case, extrapolation of the nature
of ecosystem properties and processes to other areas should be
attempted.
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3. Diversity. This criterion often influences the size of the area
to be preserved. It means the inclusion of several habitat types,
eucceesional stages, and biotic associations, such as lagoons,
estuaries, various benthic types, associated river drainages,
etc., within a single reserve. Whereas diversity shall have high
priority 1 its lack should not mitigate against inclusion as
certain areas are by their nature (mangroves, sea grass flats,
etc.) not as diverse as others.

4. Naturalness. This is related to the degree of perturbation by
man and, again, loss of naturalness should not mitigate against
inclusion so long a6 some degree of restoration is possible.
Care should be taken to in.elude su.bclima.x and transition zones
and other areas which undergo natural change subsequent to natural
disasters or perturbation. Care must be taken that "naturalness"
does not exclude man's use� Semi-11 natural11 systems which have
become stable under long established use practices may be included.
Naturalness shou.ld not come to met�n II degraded 11

, however�

5. Natural Unit: Size and buffer zone com�atibility. Areas to be
preserved should be sufficiently large or buffered to allow
natural dynamic change, biological or physical; that is i in so
far as possible, 11 natural units 11 should have high priority. In
case a buffer area is involved to incorporate this objective,
its use and properties must be compatible with the core reserve
area. In effect, size or extent shall be such than an effective
conservation unit i biologically speaking, is createdr 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 involves the difficult problem of miti
gating upstream effects, whether generated from land, river, or
sea. Hence buffer z.one compatibility ranks especially high in
these environments.

6. Inclusiveness. The lack of a habitat type in a reserve eystem
is a etr.ong argument for findi�g on� or more to include. ln some
case a. undisturbed ha.bi tat types will not be availsJ;il•JL .. iPr protec
tion or such s:i.tes will no longer be extant� Potential eitee for
restoration should be so�ght so that the reserYe system shall be
inclueive of all present or potential habitat types�

B� Set 2 - Cultural, Recreational, and Educationa.l Cri teri.a 

1. Dive,rsity and. �bundanc�. These relate to qualities of the species
and/or habitats within the area� V&lues are interchangeable; for
example. th� great diversity of life of a .coral reef ranks as a
prime criterion, but the abundance of few species of schooling
fishes in channels, estuaries, or swamps may rank just as high
in other areas. When both abundance and diver$ity oecur together�
the area will have a very high priority from the poi:o.t of 'll'iew of
the public.

2. Physiography and topo_£aphy. ,Just as for terrestrial areas, these
are important criteria. The scope and grandeur of a aeenic area�
especially in coastal i>r reef locati.one 9 contribute greatly to ita
value to the public. Scope and grandeur should 1 however� not be
confused with size. Small areas have a grandeur of their own�
This ie obviously a matter involved \ii'ith,. personal taste ..
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3. Uniqueness and rarity. The public is much attracted to one-of
a-kind locations and high priority should be attached to them.

4. Climate, weather and oceanographic conditions. Especially 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 1 low
water visibility, frequent storms, high sea state, and low water
or air temperatures. However, these features all fall into the
category of 11 amenities 11 • Such difficulties should not neces
sarily mitigate against inclusio�, but they do often involve
certain stringent safety regulations being imposed�

5. Cultural value. Sites of obvious aesthetic, historical, archaeo
logical, anthropological, traditional, subsistence, or folklore
val�e 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 areas where traditional and/or
subsistence activities of a whole people are currently carried
out.

6. Scientific value. There are scientific value5 which bear little
present relationship to pragmatism, but which are among the most
important of all human values, as they relate to man's essential
being. Asking 11 what good is science? 11 ia like asking "what good
ia art?". Areas of scientific value 1 in terms of basic research,
should rank very high, from the obvious eases of the Galapagos
Islands and Aldabra, with their surrounding waters, to research
or other localities o! more local intereat.

c. Set 3 - Pragmatic criteria
1. Value for research or monit�rin_g. 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 factors; high scientific interest,
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 gained 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
first.

3. Feasibility. Is the site available? Can it be properly financed,
man�ged, and brought under the jurisdiction of a stable agency
with proper organic powersJ 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. Redu�daE..£I.• Care must be exercised not to exclude areas with
the statement: 11 We already have one of those! 11 Redundancy is
important in the establishment of a. reser·,re system and is essen
tial from the genetic and ecological points of view.

5. National or international value» The Galapagos Islands is an
example of an area 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 contri
bution to international fisheries production and as habitat for
migratory waterfowl, for instance.

6. Educational, recreational and economic va1ue. Tourist value is
often extremely important in economic terms. However, recrea-

·tion is not al.ways in accord with the II conforming use 11 principle.
Deleterious effects often result to stress reserves beyond their
carrying capacity (Second World Conference on National Parks,
1972) when purely recreational values are placed above ecological
ones, i.e�, when such areas are 11developedH rather than properly
managed. Education also emphasizes the public as a user group,
but generally more care is taken to preserve natural values than
when emphasis is purely on tourism. Both tourism and education
require facility development, requiring usually land-based access,
and precise knowledge of costs and how development may alter the
habitats preserved.

Area Description 

There are several stages in this process from the most preliminary and 
short-range to the long-range, scientifically detailed matrix of data 
necessary to develop precise guidelines for management and monitoring. 
Obviously, the first step is the simple process of listing candidate 
areas. The next step is that which we shall consider here, that is� 
the assembly of available information in a compu.ter-coropatible format 
which allows concise information transfer on a world scale and which 
allows planning of later detailed survey necessary for protection and 
manage!l1ent. 

Very often, reserves of large size, especially "natural11 ones, will 
not be in proximity to "experts" who will be able to develop management 
guidelines, much less to maintain a 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 of a very basic 
nature must b� gathered as a prelude to the relatively detailed survey 
which will produce further information necessary for the recommendations 
that the area be set up as a reserve, and if so, when and how. It is 
suggested that this fact sheet include the following information: 
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Name of area ..1.

2. Geographical location (nation, province, state, district
1 

etc.).

Latitude, longitude (supply map or chart).

6. 

8. 

10. 

11. 

Surface area (in square kilometres or hectares).

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

Description ehould note:

(a) Physical features - including water depths.

(b) Dominant biota (ecologically).

(c) 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 ae buffer areas 6 

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

Kllowledgeable contacts. 

References to literature, both scientific and popular. 

This description list is closely in accord with IUCN's World Directory 
of National Parks and Other Protected Areas (IUCN, 1975). 
It is essential that there be compatibility of descriptions so that 
computerization of data be possible. Darnell et al. (1974) give a 
model for such a system and point out the advantages that accrue through 
computer query. Answers to the following sorts of questions are 
obtainable. 

1. What habitats are in any geographic area?

2. What areas are protected for a certain biotic province
or habitat'?

3. What is the state of research for a particular habitat
type - i.e., printed publications or work in progress?

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

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

6. 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 GUIDEI 1N:gs F'OR PRO:ta:ECTION 

The remaindex· of this paper summar·izes sp�dfic matters which should 
be considered in marine habitat conaervation� They may be used in at 
least twc ways; first� to guide sur\'·eys a:nd studies; second, to guide 
implementation. Each of the topics Eummarily treated below ia complex 
in itself. Therefore, it is to be hoped thRt the following will be 
recognized as a matrix only and that aito-apecific flexibility will 
be required., Indeed t �� ia a 11£.§-re-bones:. outline; _ea.ch �.2,pt,c coulg,.;; 
and should - beco.l!}e the t:0.2�? .Q!, a •. �tailed worksho;E r�];?:_ted to site
Meci fie i�sueo _a.!!!.J:eali tie�.!.. .. Als�, t�de;J.J:.nes ,r.epreeen,t a goal 
which rna:y take !!,<_?ln{I time to �-ll�ev�. 

These guidelines have been drawn f�om many eources, some of which have 
already been cited. More references of major importance to what :follows 
are given in the Additional Bibliography (not included ere references to 
the many survey report� directed towarda marine parka). The structure 
below is from the general to the specific, not to imply a rigidity of 
approach. Thus f enabling legislation i.a ccna:i.dered first, parks and 
reserves last, but :i.t could ju.st a;:1 well be approached the other way 
around. 

The larger goal of legislation shoula be to encodi:ty a zonation of the 
entire coastal zone i including land areas, drainage systems 1 estuaries, 
lagoons, and oontinental shelf. It should !ollow the initial survey 
and establish a policy for coastal development and preservation on an 
inte:rdisciplina.r-y and interdepar •;m..i:ntal baais., .Ra.rely can this derive 
from existing govern�ental bodies, i.e., tourism, fiaheriea 1 educa
tional or parks departments, li!hich are not gsn�rally manda.ted to manage 
the large problems ir.r-.rolved, but ,.,,hich all hav-e ma:jox· interests .. 
Enabling legislation must este.bliah ba.selinas :for· long-term fin.a.neial 
and administrative control with an administration sens:itive to the 
needs of land and \rater mimagement aa well as to those of educational, 
research, alld public institutions. 

A. � includee:

1.. Wise U$€l of ma:d.ne i estm_;i_rine
t 

wetland and upland areas; 

2. Maintenance of ne.t;1:ral ecosy.stema;

3. Provision of resources for the people;

4. Increasing the carrying capacity of the coastal zone
through technical and managerieJ. means;

5. Restoration of damaged environments; and

6� Clear evaluation of the burden of proof of deleterious 
actions, with identifiable liability. 

40 
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B. "Central Authority":

A "central authority" should carry out the policy. It is essen
tial that this authority coordinate the activities of all govern
ment and non-government agencies with important interests, most
notably departments involved wtth fisheries, coastal zone develop
ment, conservation, national parks, tourism, and enforcement.
Educational institutions and fisheries or conservation departments
should cooperate on research. Public and private conservation or
other interest groups should be included in an "advisory panel11

(see C below) to contribute their expertise to an integrated policy.
Policy should be subject to constant review and deliberations
should be made public. The Central Authority ms:y be a single
government agency or coordinate eeveral agencies. It shou1d be
empowered to:

1. Review existing information and activities in order to take
immediate action on: selected areas having unique ecological
character; wetlands and estuaries containing highly productive
habitate 1 spawning areas or nurseries, or rare and endangered
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 eyetem;

3. Set up appropriate management guide1inea;

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

5. Initiate and administer research grants or contracts;

6. Record use and monitor system changes;

7. Maintaia a consultative process to coordinate the interests
of various departments and agencies, including management of
fisheries resources, cultural resources, education and research,

and those having responsibility for national securit7, transporta
tion, and exploitation of mineral resources;

8. Establish public relations and increase public awareness by
means of audio-vieual or other materials, such as: illustrated
pamphlet with boundaries and regulations for res�rves not�d;
guidebooks; file and slide series of sample habitats-and of
�an•s use of these aystema;

9. Provide for- ranger and guide training; and

10. Recom_mend international agreements as necessary for protection
of water quality or non-resident spe�ies.



C. 11 Advisor;r Pane1ri:

Should be structured as a nscientii'ic committee" and comprised 
mostly of f but not dominated by, ecologically-oriented scientists. 
Thus, it must include public interest groups (not special-interest 
groups, i.e., lobbyist6) and, especially, environmental lawyers 
and land-use planners. The panel hac.:; the following functions: 

1. Consults on long-term goals and policies;

2. Evolves model guidelines;

3. Determines research needs and reviews research proposals;

4. Provides for scientific evaluation i surveillance and
enforcement;

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

6. Recommends specific functions for each reserve;

?. Recommends a management programme; 

8. Helps government design the national programme;

9. Advises on regional problems; and

10. Aids in the development of innovative approaches, including
new scientific, legal, and social methods and institutions.

D. Permits:

A permit or licence system for coastal activities shouid be put
into effect and subject to periodic :eeview� One .should always
carefully examine the need for paper work, but man's effects are
so numerous that there is prooably no al te1.·nati ve other than to
consider most of his &ctions subject to review an£!. _E,ermit E_roce
<!ures J:!pich ma;y requin both environmental and cul tu.ra.l 5.m:pacj;
statements. Statements and permits include:

, .... 

4. 

Established need for proposed action; 

The effect on human health and welfare� ecologica1ly, economically, 
aesthetically, and �ecreationally; 

The impact on trad::.tional or subsi;stence-oriented life 
styles; 

The effect of the action on fiahel'ies, research activities, 
resources, plankton, fish, shellfish, other wildlife, shol'e
lines, beaches, and marine ecosystems; 

The persistence of the effect on the .ma.rine environment; 

6. The most appropriate location for the action;

7. Special provisions, as monitoring the action and surveillance
of the action; and

8. .F'ees.
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Enforce1Dent: 

Enforcement will usually already exist in a multiplicity of 
agencies. The purpose is to coordinate and amplify these 
functions and it may also prove,advantageous to set up a sepa
rate enforcement body under the "Authority". The nature of 
enforcement and the character and extent of punishment will 
vary according to local lav and tradition. 

Some of the problems to be faced are: 

l. Jurisdictional:

a. Conduct of citizens outside the coW1try's territorial
limits should be the same as that regulated by national
law vithin national boundaries;

b. Law of the sea, wherein many problems are currently
unresolved, two of the most difficult being the prot�o-
tion of fisheries on the ocean "commons", and the impli
cations of ooastal development and pollution on oceanic
productivity;

c. Common property resource polic1 vs. resources subject
to claim and ownership; and

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

2. Public hearing and testimony:

It is expected that the 11 Authority11 will conduct hearings
leading to recommendation of enforcement and penalties.

3. Penalties:

These must be substantial to be a real deterrent to violation.
Close cooperation of the courts. notices of violation, and
sufficient penalties are mandatory. Each violation must be
treated eeparately. A highly recommended penalty ie confis
cation of boat or other equipment and/or suspeneion of
licences. Nature of the penalty will var, according to, among
other things;

a. whether the offence is civil or criminal;

b. whether the offender is commercial or private;

c. whether the offender is utilizing subsistence or trad
itional methods; and

d. the income level and capital investment of the offender.
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Research is not_a luxu?y, but is ��-the heart of_ani program�e
.t. 

whether. fo,r_ ;erea�rvat_i<;_n, 0,1;;' §.e-v�,lo,:e.ment.,,, a� it is essenti�J..wJ.O _tA�. 
deveJopment.of a �orkable zonati�cheme"a.�d to m�n��eme�} and 
_Ela.nning '!.fforts� We hs:!."e str1:,ssed the roles of a classification 
scheme and predictive models to aid in understanding tha effect of 
roan 1 s activities upon the coastal and marine environment. A survey 
of coastal resources ia essential to long-range ecological stability 
and must elucidate demographic pa:tterns, ow:nerahip and lan.d-use, and 
socio-economic da.taQ Theae contribute to baselines of knowledge and 
lead to environmental and cultural imp&ct statements for development 
schemes:, such as the siting, eoni.;.truction and opera.i,ion of industrial 
plante, harbour development, and the dredging and depoBition of spoil. 

A. Evolution of �.lau fer z.onation and ecosystem Erotectio!,•
Initial surveys should establish land and �ater use practices in
accordance with the nature of coastal systems, taking cognizance
of socio-economic a11d. other current practices, but alifi!o identi
fying those practices in need. of' cease.tion and/or modifi¢ation ..
Research �u1d moni to:ring wiJ.:;. undoubtedly roake alterations in this
initial plan mandatory, and probably more restrictive. Randall
(1969) emphasizes that prime research area.a in the vicinity cf
coastal reaearch stations should be protected. The nature of
dynamic aquatic ay-ai:,eme dictates that z,onation be equally dynamic.,
Generally the following types c:f zones will initially be necessary:

L Develo,ee� zones e,re those �hieh are already developed to
such an extent that they are almost complet�ly man-dominated 
and have lost most semblance to ·th�-·nattu·al state, for example, 
ci tias., airports i industris.l complexes• etc� The major 
emphasis should be on po'l.lution abatement and restoration. 

2� Conservation zonea are those intermediate between 1 and 3, 
tha:t is where' c;.'reful plann:i.ng call guide development within 
envix-onmenta.1 .f;--Uid0line1:, .. 

3.. Protection zone..! are n:uatural areas11 such a.el 

a� critical �reas in n�ed of immedi�te protection; 

b. formerl7 productive areas in ne�d of restoration;

c$ ree�arch area�, 

do recreational area.s; end 

e. buffer zones e

Bou.nda:rie� betwee� these zones are rdghly arti.ficia.l and ideally 
the goal should be coropatibilit7 bet�een environmental processes 
and man ts actiYi ties throughout the entire eoasta'1 z.on/$ and 
adjacent sea. Research and monitoring, in any ease, must play 
the primary role in determining thi� course of events� 



Results of research must be capable of altering the course of 
man's actions and tbip caEability should be clearly stated in 
the enapling legislation. This may be one of the most difficult 
of matters as most govern�ents have shown little ability to plan 
for cri.eie

1 
no matter how predi,ctabl�.1, and society shows little 

��re to alter its ways, no matter how deleterious. In these 
regards, a syateme model is useful in the following ways as 
Ketchum, g., (1972) states: first, it brings orderly criteria 
evaluation into management practice; second, it develops common 
concepts, measures, and languages; third, it brings to authori
ties a knowledge of natural environmental processes, institutions, 
and activities for complex decisions; and, fourth 1 it trains 
professionals and others to higher scientific awareness for 
greater competence in management. 

B. Research needs
These must be long rangeo A primacy need is to identify
functional groups of organisms, that is those which process
organic matter or which are important in the re�ycling process.
Research should include such important topics as:

1. �colosical factora:

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

b. The relationship between nutrients, pollutant loads,
and primary productivity to reoreational and aesthetic
uae of vater;

c. Information on the chemical characteristics of the
systems involved;

d. Information ou the physical characteristics of systems
involved, especially hydrology', current structure, and
geomorphological shore processes,

e. Information on the distribution and abundance of.species
at all trophic levels and their normal variations,
emphasizing endangered species and those critical to the
a;ystem;

f. Description of communit1 structure with emphasis on
natural rates of recovery from perturbation and natural
euccessional change;

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

h. Studies on suceessional chan.f$eJ

i. Studies on processes of restoration;

j. Natural history of endangered species;
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k� Nature of food chains and webs, 

l. Horizontal and vertical migrations of conatituent
organisme;

m� 'l'he influence of cLi.m�te and weather on living and 
non-living components; 

n. Indicator species for �ater quality or environmental
monitoring; and

o. 11 A.1!11simila.tive capacity11 (see P� 31) for wastes, i.e.,
in which organisms or physically where pollutants are
accumulated and how they may be recycled.

2. Social factors:
These are eaae.ntial and should lead to development of
cultural impact aseesaments e Complex issues are involved
which will not be considered here in greate.r detail _(see
Ecodevelapment, pp. 19-21).

3� ,Factors imP':£.i.�E....� for _pu_blic heal th; 

a o Surveillance of eontamination input levels; 

b .. Effectg of solid waste cliaposi:1.1; 

c� Effects of contaminants on organiama and ecosystems; 

d� Epidemiologic and virologic �tudiea; 

e. Accumulated $ffect on organi�ms of sublethal pollutant
levels;

f. Effects on man and other 11 to:p11 carnivores from eating
these organisms; and

g.. Wate1' quality ae it .tela.taa to :aar, no:ee� and throat
infections, �r other pub�ic health considerations�

4. Techni9.µ_e.f!_lOr .!J?.cr_easin�_:eroducti vity a.; .. ,tl,LlJ'9d��-t.ion:

a .. Restore.ti on of damaged environment.s; 

b .. Envi1·onmenta.l enhancement 1 that hi� in.creased carr:,ing 
capaeity of th� �nvironment for certain speei�a under 
natural conditions; 

c. Aquaculture and inireased production of certain species
for commercial utilization; and

d. Artificial reef a to increase the ha'bi tat o:f reef-dwelling
species ..

5. Factors llia�ed.to industri�_,!icti vi ties:

a o Bioaaeay methods for potential toxicante t including both 
lethal and chronic effects; 

b. Identification of biological productivity inhibitors;

c. Released nutrients and/or pollutants from ·resuspension
of bottom sediments;



d. Causes of nuisance algae and aquatic weed growth;

e. Flushing times of receiving waters;

f. Predicting fate and extent or warm water plumes;

g. Long term rate evaluation of biological, chemical and
geological modifications;

h. Ef'tecta of sea water on organic and inorganic chemicals;
and

i. Poaeible synergistic effects between wastes, as tha�
be.tween oil and oil-soluble organ.ochlorines.

6. Factors related to_the c�rryins capacity of reserves for
human activ"Ih_:
a. Environmental quality ver. recreational use, i.e., ef_:tects

of recreation on biota or communities;

b. Impact of multiple recreational use on the environment;
c. Determination of probabilities of t.ransmission ot disease

through recreati.onal water contact; and

d. Influence of climato t weather and acceaaibility on numbers
of human. viai·tore.

c. Methods ot analysis
Very often it ia both :instructive and practical to use a modelling
approach which expresses the matrix of flows between man and hie
environment, producer a.nd consumer, donor and receiver, and
·receiver and uaere Models may be heuristic, stochastic 9 or deter
ministic and are especially ueef�l in analyses of more than one
variable or as a research tuol, i.e & , as a matter for validation
and eubeequent improvement. Rarely, however, ia it wise to.derive
precision from modele of entire marine systems. It is beat to use
models for:

lo Methods of analysis _of environmental variables; 

2. Information storage and retrieval;

3. Predictj,on of productivity and energy :tlow, nutrient cycling,
diversity, recovery of ecoeyoteme, and othe� process stadies;

4. Eetablishing the periodicity of water quality analysis teste
or other survey methods;

;. Evaluating user impact and uee; 

6. Evaluating eonsequencee of pollution or other alterations to
the environment; and

7. Anal�sing the d:na�i�� of populations.
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.D. .!!2_ni torin15 
This muat be on a systems level� The most important tool is the 
predictive ecological 1!',odel tn whtch data acquired fro111 monitor
ing lead to its continual validation and impro·iement. Previcue 
indices of diversity, involving a.,_�alyaes of singl� groups such 
as algae or diatoms t,, determine heal th of .systems are no longer 
ecologically acceptable ae there is no proven relationship 
between such diversity and stability. For example• natural 
succeasional chs.nge and the relative y·outh of .some ecosystems 
strongly influence diveredty and sta.bility. Monitoring involveB 
long term endeavours such as baa�line .surveys for the continuous 
collection of chemical, physical, and biological data. Great 
oare must be taken to select ncritical11 or uindica.tor11 factors, 
i.e., thoee nmost sensitive species11 and/or procaasee which
relate directly to the predictive ecological model* Selection
of such species and/or proees6es is a most difficult matter,
however.

Tests of effects of varitlus chem:i.ca.la: i natural or ma.nmade, on 
organisms must uot consider only lethal effects� Bublethal or 
chronic effects are ecologically more meaningful and must be 
determined and monitoredo 

Monitoring must take place both within controlled areas such as 
reserves and areas where perturbation is taking place in order 
that baseline de.ta and data of perturbation be gathered and com
pared. It must ittvolve: 

l. Uee of the most up-to-date methods, auch as remote seneing of
environments and telemetry and radio-tracking of large organisms;

2. Uniform sampling procedures;

3e Methode for long term d'f�cts on community stl·ucture and 
productivity; 

4. Methods for quantitative da�oriptio� of biomass;

5a Methods for monj toring biostb1ulan.ts; 

6. Identifying criteria ior �aste discharges;

7. Development of method.s for lor.:ation� quantification and
classification of hea;ry metals and other materials of acute
or chronic toxicity;

8. Quantification and claesifioation of persistent organisms;

9.. Review o:t· methods for detecting tor&i.gn materials; and 

10. Quantification of floatable matter and films.
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Maintenance of EnTironmental Quality 

Coastal development and man's ot�er activities need not be in conflict 
with the maintenance of envi�onmental quality. However, it has been 
the practice to externalize the costs of these activitiee, often based 
upon acceptance of estimates of the naseimilative ea.pacityn of the 
environment or what a. "significant e:ffect 11 may be (aee p., 31). 

A. Ocean dumpin,.S
The eventual goal should be an end to this practice and research
and management criteria are needed towards that goal. Current
international agreements prohibit dumping of such dangerous
materials as high level radioactive wastes and agente for chem
ical or biological warfare. We are now aware that some "remote"
areas euch as oceanic trench�s, fjords, and the abyssal ocean
are biologically of great interest and value and the threat to
them by dumping should be removed. It is necessary to establish
more detailed baselines for:

1. The types of material to be dumped aud the aMount;

2. The location with stated alternatives;

3. The .length of time dumping will be carried out; and

l•• Int·ernational complications. 

B. Pollution and waste treatment
Thie differs from dumping mainly in that the site is usually close
to the ,shore and that some alteration of material ueually oecurs
before it is discarded. Effluents may be released continuously
or 11 puleed". The goal should be the cessation of all effluents
containing knovn or suspected deleterious materials, either
because of their toxicity or their nutritive (eutrophic) potential.
Research is n�eded to design syetema of treatment which are tailored
to preserve the specific receiving waters. Dealgn of s1etema should
be by cooperation between ecol�g_ists .. ,!3Jld engineers, a f'eature
usually sadly lacking! Detailed attention needs to be paid to the
chemistry of the effluent, its phyeioal and biol�gical dispersion
in the environment and physical or biological effects. For instance,
more conaideration must be given to:

1. "Point 11 or site-specific effects vs. dilution;

2. Synergistic effects;

3. Nutrient chemistry and biochemical changes;

4. The chemistry of recei•ing waters;

5. Curre�t dynamics .and basin topography of receiving water;

6. Prohibition of any material that combinea the properties of
mobility, chemical stability, low solubility i� vater, and
high solubility in lipids;

?. Elimination of pesticides and heavy metals; 

8. Trace elements in water and sediment;
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9. Concentration of trace elementa in organis�s, especially
amplification through :food chains and food webs;

10. Control of thermal plumesi

11. Multiple jet diffusers;

12. Lateral spreading of wa.e:tea; and

13 Q Flows of suddenly released sinking sludge. 

Continuous monitoring of the effluent within biotic communities 
should lead to modification of the uature and amount of released 
materials .. li'or example, sewage systems might have to be altered 
for use of saline �ater. Vessels and small boat� should not be 
exempt froE restrictions on the dumping of sewage and other 
vastes, and the use of holding tanks with shore facilities for 
waste and oil disposal should be required. 

c. Mineral. extraction and dred_gi!l.fa
Mineral extraction is in many eases equivalent to strip mining
on land as it destroys the benthic surface ., that is, the area
where organisms are concentrated. Dredging usually occurs close
inahore or in waters especially subject to siltation& Disturb
ance to the benthos has many severe effects. Excessive siltation
kills coral 1•eefe an.d can also redu.oe light needed by rooted
aquatic vegetation. Exploitation for oil and gas may be much
leas deleterious in that only a small portion of the benthos is
diaturbed (nevertheless the possibility of oil pollution poses
perhape the most severe threat to shallow 'Nater env.ironments).

A particularly severe ef.fect of dredging, or mineral extraction
in polluted areas, is the sudden release o:t' pollutants from the
sediments. Dangerous materiB.ls such as pesticides and heavy
metals commonly acc·ttmulate in. the anoxic sediments which lie
beneath a thin aurfac� of silt� Their sudden release can result
in fish kills or other severe coneequences8

D. Coastal developmeEi
This is among the most insidious and damaging activities of man,
amplified by the fact of the extreme attractiveness of eoasta
for human habitation�

Shoreline, particularly, iB subject to damage due to its extreme
dynamism. Attempts at shoreline stabilization usually £ail and
lead to deatruetion of aesthetic qualitieu and to high maintenance
ooata. Inman and Brush. (1973) eloquently describe "the coastal
challenge" i pointing to the f11tility of man 9 6 attempts to stabi
lize shore processes. Only one of their facts need be repeated
here, that a wa�e 3m high transmits energy at the rate of 100
kw/m of the crest line, equivalent to a solid line of- .270 Hp
automobiles moving at full throttle! Such s. f&ct pointl:l to a
reason for failure of' engineers an.d shore de�relopa:rs to 11 control11

shore prooessea ., Dolan and Hayden (19?4) state··the
new u.s. Park Service policy of adjusting to, not controlling t 

shore processes. Previous control attempta have swallowed
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S20 million in Cape Hatteras National Seashore alone since the 
1930s. The foregoing has led to the adoption of new procedures. 
11 Set back lines" should be established, seaward of which no 
construction should occrur. Jet ties .should be of open construc
tion so as not appreciably to elow longshore currents .. Groins 
are to be avoided. Damming of rivers and streams severely slows 
the deposition of both minerals and nutrients in the coastal 
zone and care must be taken that this is not excessive. Forestry, 
mining, and agriculture should not be practised near streams and 
rivers so that rates of flooding 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, see p. 12. Existing channels should be 
utilized for access to harbours rather than opening new ones. 
Cognizance must be taken of coastal circulation cells in plan
ning for deTelopment which involves either alteration of shore
line or waste outfalls. Estuaries, marshes, and lagoone are 
"filters" {for both nutrients and pollutants) between land and 
sea, and if access through them is necessary, an offshor& barrier 
or rooted vegetation should be provided beyond the �hannel. 

In coastal development, the following should also be noted: 

1. Adequate circulation in waterways, such as canals and
marinas. with short residence time for water is mandatory;

2. One method of protecting the water line back of a "set back
line11 is a Hcoasts.l interceptor waterway" (Tabb and Heald.
1973) which preserTes surface water sheet flow across coastal
marshes and shores;

3� Development should emphasize highlands, not low coastal 
marshy areae, or low energ1 shores; and 

4. Clark (1974) identifies many other effects, such as runoff
as a consequence of development and agriculture, the effects
of construction site preparation, pest and mosquito control,
and residential development. Great care muet be taken to
thoroughly examine the inter-r!}ationships of these actions
in the preservation of our coasts and associated ecosystems.

Fisheries Research and Management 

This is a large and complex, as well as highly controversial, ftubject 
of which only a few relevant features will be treated here. Below 
are mentioned matters of broader policy. The next section on Mar:l.ne 
Reserves considers .some additional fisheries matters (p. 55).

The essential point ia the sharp contrast bet�een freshwater and salt
water fishing as far as management is concerned. The former is sharply 
controlled and the latter hardly controlled at all, despite clear 
evidence of need in many quarters (most notably. high seas sport 
fiahing for marlin, other billfish, and tuna, and the very destruc-
tive inshore reef fisheries of many nations). There is probably no 
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fundamental difference between fr�.sh and "al twater fishing other than 
a matter of scale. In any case, research and management must empha
size sustainable yield and 5hould be dedicated to the following: 

a. Licensing of all fishermen, the fees to be returned to research,
management, and enforcement;

b. Establishment of game and non-game species in. which onl;y game
species are allowed to be taken;

c. Establishment of season, bag, and possession limits on game
species;

d. Establishment of zonation for various fishing activities;

e. Re.solution of conflicts between fisheri�s, tourism, and parks;

f. EnTironmen tal enha.ncei:nent, especially artificial reef's; and

g. The merits of limited entry to fishermen.

Management should also recognize fundamental differences between 
underwater (spear) fishing and surface (hook-and-line) fishing 
(cf. Barada 9 1974). The former is more analogous to hunting and has 
three deleterious effects: (1) the induecment of fear of man, (2) the 
reduction in numbers of resident species, and (3) the hazards involTed 
when swimmers, viewers, and huntere cohabit tho same environment,. 
Therefore, apear-fiehing is completely incompatible with underwater 
viewing, recreational swimming, and photography. Surface fishing is
capable of reducing some fish populations to an equal @�tent as spear
fishing and can be hazardoua to s�immers 1 but does not induce fish to 
fear man .. 

Management of �az::!-1te_p.eae.rv�s

This aection covers all 11 reaerve 11 areas (see p .. 26-30) 9 Access by 
people to park� and reaer�es should be in accordanc� with conforming 
use in which protection is paramount. In some cases, huma11 presence 
must be forbidden, :for- instance in a colc•n:y of animals where human 
activity would interrupt breeding. In other cases human activity is 
encouraged 1 for instance at national seashores emphasizing recreation. 
In either case, prerH'H'vation and/or manipulative management (where 
natural su<:oeasion might lead to habitat elimination) is paramount 
in II core1

' areas. 

A. Core vs. buffe�
In general� the core .is to be left un.distnrbed and :NH:Jearch is
to be non-manipulative� Education, research, and recreation are
not to alter the values for which U1e core area ia established.
Buffer zones a,re created to protect lhe core, to provide space
for wide-ranging mcvemente of a.n.imals, to provide space for the
existence of rare or endangered species or for manipulative
research. In some important caaea, the buffer may be primarily
dedicated towards restoration, protection of naturalness, or
understanding of natural processes� Moat importantly, buffers
mu6t accommodate the shift of the eore in eases of biological,.
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ecological, or geomorphological 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 accommodate manipulative 
reaearch which should not be carried out in the core. Bulfer 
zones may differ fundamentally from the core 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 §tewardsh¾.£ (p. 32). 

B. Land and sea inclusion
Deriving from the abo;•e, and the fact that the coastal zone ie
an ecotone, is the requirement that portions of land, especially
watershed and drainage areas, be included in marine reserves.
This can be accomplished by a variety of management or legal
procedures which will not be detailed here.

c. Boundaries
Boundariee for core areas should encompass entire ecological units
(habitats and communities) in so far ae 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, to ,tl ieast the 20-metre contour line
or the territorial limit, especially in areas where deep water
is close to the shore. Buffer zones should encompass upstream
effects and contiguous ocean water. The buffer area should be
large enough to incorporate geomorphological changes which alter
shore boundaries� Marking of boundaries should be by means of
shore posts and buoys or natural marks, when these are available,
and clearly visible. When it is impractical to establish such
markers, various distanoe or depth delineation is required. In
auch eases problems will arise with regard to policing, requiring
that these 11 inYisible lines1

� be set with as much flexibility as
possible. To any case, boundaries must be c�early delineated on
all charts, map!J tourism bpochuree, etc.

D. Legal mechanisms
These will depend upon the enabling legislation� The uses of the
coastal zone may fall under a multiplicity of agenciee. However,
regulation and enforcement within the core should be the responsi
bility of the 0Authorityu eetablished under the enabling legisla
tion. The buffer should also fall, if possible i under that
11Authority". Obviously, legal mechanisms fall within at least
two jurisdictions, the coastal state and law of the sea. The
distinction between the two is presently undergoing rapid change,
through both multinational and unilateral actions.

E. Multiple use
This may be permitted if no interference with the purpose of the
park or reserve ie contemplated. Severe threats to core areas
may be through mining, dredging, oil and gas exploration or
exploitation, and coastal development. In some nations dynamiting
of .reefs and shell and coral. collecting also pose severe threats.
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non-excessive 

However, rights oi' innocent passage and/fishing or hunting :for 
migratory species in general pose little threat to core areas. 

Fo Regulations for protection within marine parke and reserves 
These regulations mostly emphasize a series of restriction.a which 
serve to protect living and cultural values. The�r are applicable 
in areas emphasizing E._rotecti:?..E (as National Parks): 

1. The taking of any living creature is prohibited;

2. Non-living flotsam and jetsam may be taken from the beach;

3 ■ There should be an admission fee ? proceeds going to park
ree9arch and management. Seasonal tickets should be pro
vided for resi.denta and tourists staying longer than one day; 

4. No anchoring should be permitted o:n reefs. Buoys should be
established for this purpose;

5. No person should cut, carve, injure, mutilate, remove, dis
place or break off any underwate.r growth or formation;

6. No person should dig in. the bottom or in any other way injure
or impair the natural beauty of the underwater scene;

7. No person should destroy, molest, remove, deface, displace,
or tamper with vrecked and abandoned airborne or water craft
or any of its cargo. An exception is dangerous cargo which
requires removal and safe disposal;

80 No person ahould molest, kill, wound, capture, f'righten 1 or 
attempt to �oleat i kill; wound, capture, or frighten any 
animal withi.n park boundaries; and 

9. Removal of shells from coastal areas of parks in order to
build roads or ot.her industrial uses should no·t be permitted.

G. Regul�tions for s�ecific recreational use within marine parks and
reserves
These regulations will address several activities for which more
specific guidelines for management are necessary. 1!},!l; are appli
cable vari8.b1y for area� set aside ( zon.ed), !sir SJ2ecific uses or
regulated in other wall• In eith�r case, approaches to these
activities a1•e extremelz" sub.j5:2t to.lpc�+,µ�.�d!f1 

,le.wand tra��tion�

1. Water skiing, underwater viewing and swimming:
---------------------------------------------

Specific zones should be set aside for these activities.
Snorkelling and swimming are compatible w:i.th ea.eh other,
but neither is compatible with water skiing.

2. ��!�!�� =

Private pleasure bos.ts to be used in parks or reserves

should be authorized for seaworthiness. Anchoring on
reefs should be prohibited and buoys for anchorage be
provided in parks and reserves� All boa.ta operating
within park boundaries should be licensed, temporarily
or permanently, or an entry fee charged.
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Sportfishing and apear-fishing (seep. 51-2) 
------------------------�-----

The taking of fish within Parke should not be allowed t but 
taking in Reserves may be permitted under controlled conditions. 
The number of 5.ndividual fish taken by these activities is 
usually small, with some notable exceptions. However, neither 
should be conducted in the presence 0£ the other nor in the 
vicinity of commercial operations, due to the hazards involved. 
Spear-guns should not be permitted i tha·t is, thor.se operated by 
means of a trigger mechanism with the aid of elastic springs, 
or compressed gas. The only allowable spears should be the 
straight spear or Hawaiian sling 1 powered bi a single elastic, 
at the mosto There exist rare exceptions to this, either more 
restrictive or more lenient, but such exceptions deserYe criti
cal examination. 

The taking of fish should not be permitted by the use of 
underwater breathing apparatus. 

Particularly in the case of spear-fishing, regulations on 
permitted areas, species. season, and possession limits should 
be established, similarly to terrestrial hunting. 

4. SCUBA (Self�Contained Underwater Breathing Apparatus) diving:
------------------------------------------------------------

These regulations are largely oriented towards the establish
ment of a safety programme. Tb.�y may be applied nation-wide•
if this ia suitable.

a. Only certified divers should be permitted to dive in
parks and reserves or those not certified should be
required to take a checkout dive;

b. Divers should be registered when in the park or reserTe;

c. Diving should take pldce from registered diving or
private boats, and/or within certain areaa so zoned for
the purpose;

d. Diving ahould be distant from areas 0£ heavy boating Wte;

e .. Special areas shoul.d be set aside for SCUBA-diving, off
limits to other use when the former activity is being 
conducted; 

f. Chartered dive boats should be licensed to operate in
parks and reserves. They should fly the diver's flag
throughout trips and file a diTe plan before departure.
They should maintain radio contact with park headquarters
throughout their trip. Special docking areas are adv-an
tageous;

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

h. Other boats should stay beyond 100 yards of a diver's
flag;

i. Literature should be made available describing dive sites;



j. If at all possible safety equipment should be accessible,
such as both fixed and portable hyperbaric chambers; and

k. An emergency system for search, rescue, and treatment
should be established. Coordination of park or reserve

managers, police, and medical and rescue personnel is
required�

R. Other activities within marin_e_parks a.n.d reserve£!_
The following apply to areas outside reserves as well, but must
be giTen apecial attention within protected areas;

1. ��:�!�-��!!!-���-f!��-��!!�:!!��-f��-!��!��![�-��-E!:� =

Theoretically, these activities are permis13ible on "sustained
yield basis 11

• However, they should never be permitted in
core areaa. Practically speaking, knowledge of sustained
yield and enforcement are both inadequate to regulate these
potentially extremely harmful activities. Therefore,
collection of coral and shells should be prohibited, even
on a nation-wide basis, except in case of permit hold�rs
whose activities should be carefully regulated. No living
shells, with rare exceptions, should ha allowed to be taken
and. any living coral collection should be permitted only
after a review of permit application by the Advisory Panel.
The collection of fishes fo-r the aquarium trade should also
be aubject to review by the Advisory Panel and in no case
should collecting methods involve poisoning or destruction
of the reef's ..

2. Commercial fishing and collection of bait:
-----------------------------------------

Bait gathering on reefs should either be prohibited or care
fully controlled on a rotating zone basis, but never allowed
in core areas. Commercial fishing must not involve usee of
dynamiting or poisoning. Commercial fiahing need not be
prohibited in channels within reserves where migratory fish
are caught� and eommercial fishing for resident speciae
should be allowed in reserves only after critical examination
of need $ The latter falls within general fisheries policy
(see :p. 51-2) .,

3. Legal resident recreation, fishing, and bait collection:
-------------------------------------------------------

Legal residents should have a right to recreation or to earn
a livelihood by fishing with.in designated boundaries of
reserves, but not in core areas. However, they too are sub
ject to rules and regulations set up by the "a:uthority- 11 or
within fiah�ries policy� Spear-fishing should not generally
be allowed, though tradi tiona.1, confo:r1dng, and non-deleterious
spear-fishing may be an exception�

Special recognition mu.st be given to traditional or subsis
tence p:l'.'ivilegee. This does not include commercial fishing.
Diffi�ult site-specific problemB arise over the definitions
of "tradi tiona1 i1 and II subeiatence11

• From an ecological point
of view, in no caae should the employment of any method or
its expansion beeause of population increase, threaten habi
tats or populations, since this is harmful to their own
longer-term interests.
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Charter boat tours: 
-------------�-�--

These should be licensed to operate in parks and reserves. 
Anchorage sites should be specified, aa ahould the routes 
for access. A policy of limited entry should be made within 
the confines of carry:i.:ng capaci t;r ( see P• 47). Anchorage 
should not be on fragile reef areas and buoys should be 
provided for this purpose. Boat operators may be designated 
as rangers or wardens so as best to take advantage of their 
own interest in preservation of the area. 

5. Underwater structures and vehicles:
----------------------------------

There is a great range of technology 1 either existent or in
planning, which enables an increased number of persons t such
aa non-swimmers and tour groups 1 qu.ickly and easily to vie'fil
underwater life. However, in many cases, this involves
serious perturbation to and destruction of underwater habitat.
All such plane should be carefully examined for impact and
the ability of the environment to �ithstand the technology
and to recuperate.

6. �g����!!��!!:
This act:i,vity ie heavily dependent upon maintenance of good
water quality. It has vast potential in leaser developed
and industrialized nations alike, 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) pointa aome outo They include: organic
effluents from hatcheries. sedimentation from raft culture,
toxic chemicals and to control algae or disease, physical
alterations of the environment, removal of naturally pro
ductive estuaries from thv ecosystem, introduction of exotics,
eutrophic effects, and alterations of temperature or water
flow patterns. !'he creation of artificial habitat is related
to this subject and has been reviewed by Carlisle, Turner and
Ebert (1964).
It is appropriate to create reserves tor aquaculture, but thia

activity should not be permitted in most core areas.
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