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David W. Ehrenfeld

Wild animal farming and ranching
have frequently and increasingly
been suggested as means of pro-
tecting species endangered by com-
mercial demand. This concept, pos-
ing & eritieal issue for wildlife man-
agers, ecologists, and conservetion
planners, is often accepled uneriti-
cally as a matter of proven fact
rather than conjecture, Neverthe.
less, specific evaluation of the jm-
pact of wild animal farming on
populations of endangered animals
is seldom encountered in the litera-
ture. What iz needed iz a series of
cage studies to describe the specific
biclogical and economic conditions
that determine whether the farming
of wild animals will have & positive
or negative influence on the conser-
vation of a given species and even-
tually to provide a basis for gen-
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Conserving the Edible Sea Turtle:
Can Mariculture Help?

Commercial husbandry does not necessarily protect

endangered species
I
My
eralization. This paper presents

such a case study—namely the ef-
fect of commercial mariculture on
the conaervation of sea turtles,

Chelonia mydas, known to different
maritime peoples by a varety of
COMmMON names including “green
turtle," “tortuga blance,” “edible
turtle,” and “soup turtle.” has
been described as “the most valy-
able reptile in the world” {I), The
commercial products ohtained from
green turtles include leather, cali-
pee (dried belly cartilage for soup),
eggs, meat, and sometimes shell,
From a nutritional standpoint the
most important of these products is
medl: a single adult turtle may
contain 100 pounds or more of edi-
ble, tasty musele.

The adult green turtle is largely
herbivorous. It feeds on METine
algae and shallow-water pastures of
Thalossia, Zostera, and similar ma-
rine grasses that occur throughout
tropical oceans; this plus its histor-
ically documented potential to
achieve huge populations constitute
the greal value of this reptile to
man. As Randall (2} has pointed
out, the green turtle in the Carib.
bean {and presumahly elsewhere) s
the only large, edible vertebrate to

graze the tropical marine pastures, .-

the manatee being mostly restrict-
ed in its distribution to rivers, esty-
aries, and coastal lagoon syaterms,
Moreover, unlike many other ma-
rine herbivores, the green turtle
rarely eats things that make its
flesh toxic to man.

Nutritional data for the ETEEN Lur-
tle are scanty but probably ade-
quate; they have been reviewed and
summarized by Hirth (3). In brief,
the turtle is about 40 percent edible

meat, which in turn is 80 percent
water (like the meat of fishes),
about 15 percent protein, and less
than one percent fat. Nistschmann
(4), who studied a Miskito Indjan
village in Nicaragua, . calculated
that two medium-sized green tur-
tles per day could satisfy the meat
requirements of the 997 people in
the village at their average rate of
consumption of animal protein—
“assuming a theoretically even dis-
tribution of meat.” For these Indi-
ans, the protein yield for turtling is
20 percent higher than for hunting
(peccary, deer): “Therefore, even
though the Tashapauni Miskito are
on the edge of a vast tropical forest
environment [and even though the
Miskito prefer the fatty meat of the
peccary to that of the turtle], more
than 5% of the active adult men
concentrate their meat-getting ef-
forts only on turtling,”

Green turtle meat is clearly an ex-
cellent source of animal protein de-
rived from vegetable matter. To
put it differently, the most obvious
significance of the green turtle in
our time is that it occupies the see.
ond trophic level in an increasingly
hungry world, utilizing an other-
wise nearly unexploited hahbitat in
the biosphere and thus not compet-
ing directly or indirectly with man
for food. Furthermore, it is known
to be capable of existing in large
numbers near what are now the
most densely populated and pro-
tein-hungry portions of the inhahit.
ed earth,

Cnn§ewa'tinn and .
mariculture

The problems of green turtle gon-
servation and mariculture cannot
be understood without some priar
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knowledge of the natural history of
the species, Despite the taxonomic
differences that undoubtedly oceor
in this rather poorly described
group of animals, there 5 a world-
wide pattern to their habits: they
often feed in one place and nest in
another, these two places being
separated by distances as great as
1,40 miles {F). It is believed that
under natural conditions green
turtles nest only at the beach where
thev were born, making the round-
trip journey between feeding and
nesting grounds every two, three, or
four vears during what are probably
long reproductive [ifetimes. This
leads to the penetic isolation of
populations whose members may
share feeding prounds with turtles
from other breeding grounds; for
example, some of the green turtles
that feed near the coast of Brazil
hreed and neat at Ascension Island,
others breed and nest at beaches in
Surinam.

Hatchling green turtles seem to be
carmivorous for the first few months
of life (). They probably eat ma-
rine invertebrates while heing car-
ried passively by the currents from
their birthplace to their prospective
adult feeding grounds. Toward the
end of the first vear of life, at the
feeding grounds, or at some inter-
mediate spot, they become primari-
Iy herbivorous, but the transition 15
never complete: green turtles al-
waye retain a fondness or prefer-
ence for animal food in captivity,
and adults in the wild, according to
Bustard (7), will supplement their
vegetable diets with “any animal
food they can catch,” especially jel-
Iyfish. The turtles tske spproxi-
mately 5 to 7 vears to mature; their
weight at maturity varies from 200
toabout 400 to 50 pounds (91 to
ahout 182 to 227 kg), depending on
the individual and the population.
Growth 15 exceedingly slow {about
2.5mm /vear) after reproductive
maturity is reached (5],

There is no way of knowing the
gizes of green turtle populations in
the past: however, all evidence in-
dicates that within recent history
there were at least two to three or-
ders of magnitude more turtles
than exist now, and possibly even
more., According to Parsons (9],
Avdubon told of & man in the Dry
Tortugas who single-handedly har-
pooned 300 green turtles in a
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month. This was in the nineteenth
gentury, toward the end of the peri-
od of preen turtle abundance. In
1630, Pieter Ita, also quoted by
Parsons, described a single nesting
beach on Little Cayman Island
where one or two thousand turtles
could be taken each night.

Ipgle and Smith (10, in tum quot-
ing from Ewerman in 1896, state .
that in 1386 a Mr. Charles Parke
caught 2,600 turtles in the Indian
River region of Florida, using eight
nete, By 1830, only four years later
but after more than a decade of in-
tenzive fishing there, it took 24 men
using 168 nets to catch 738 turtles,
Despite the decline in the Florida

turtle Ashery in the 18090s, in 1897 %

fishermen all over the state still re-
ported a total cateh of 634,616
pounds, mostly green turtles: this_
would equal about 3,000 adult ani-
mals,

Today, only the occasional atray
green turtle can be found in the
waters around the Cayman Izlands,
the Dry Tortugas, or the mouth of
the Indian Hiver; nesting in these
places, even by a single individual,
i3 a newsworthy ewvent. At former
nesting and feeding grounds in
other parts of the world the same
pattern is found; from Aldabra to
Mexico to Sarawak., green turtle
populations are & tiny fraction of
their former size.

In the 1600s there were numerous
nesting grounds, many with popu-
lations of tens or hundreds of thou-
sands of nesting turtlea, Now | esti-
mate that the total world popula-
tion of what we call Chelonia
mydas, a.group including several
subspecies and poesibly sewveral dis-
tinct species of sea turtles, numbers
between 100,000 and 400,000 adult
males and females, with the waters
of the China Sea, the Gulf of Aden,
and the east coast of Australia shel- .
tering some of the largest Temain-
ing populations (7). Despite the
decling of the green turtle, commer-
cisl exploitation, buoved by the de-
valopment of demand for turtle oil
{for coemetice) and leather and by
the introduction of new, highly por-
table meat-proceasing technologies,
hae increased itz pressure on the
surviving populations.

It was inevitable, giﬂ:n the vulner-
able circumstances of highly local-

ized feeding and nesting, that mari-
culture be suggested as a rapid
means of conserving green turtles;
and now, in fact, green turtle mari-
culture exists on a large commercial
scale (12) and must be evaluated.
The conservation arguments usual-
lv advanced by the proponents of
mariculture are as follows: (1) Mar-
iculture will drive the turtle fisher-
men out of buziness by offering the
buyers of turtle products better,
more uniform goods in large quan-
tity and at an assured rate of sup-
plv. (2] Mariculture provides a
source of extra animal protein for
human consumption. (3) Mari-
culture can compensate for its cur-
rent dependence upon and removal
of eggs from natural nesting beach-
es by mleasing a small pumber of
mibadult turtles nurtured past the
dangerous period of hatchling mor-
tality; mereover, by protecting the
hatchlings from predators and
thereby increasing their survivor-
ship at least 50-fold, mariculture
can take advantage of a huge and
otherwise wasted fraction of the
population. (4) Mariculture's re-
search on the raising and breeding
of green turtles in captivity will be
usgeful to povernmental and private
coneervation organizations and will
ultimately lead to the development
of procedures for maintaining an
active breeding stock, which will
render mariculture independent of
wild populations. Problems with
these claims will be considered in
detail in the following paragraphs.

Ecological problems

First, there are the atrictly ecologi-
cal problems related to feeding in
captivity. It does not seem practi-
cable in a commercial operation to
enclose enough underwaber graes-
lands to maintain, for a long period
of time, tens of thousands of sub-
adult green turtles without substan-
tinl supplementary feeding, Fur-
thermaore, this tvpe of pasturage is
not likely to provide much food for
large numbers of carnivorous
hatchlings. The only rational alter-
native for a commercial operation is
holding all turtles in small pens (or
tanks on land) and supplying 100
percent of the food. This is the ma-
rine e.j]uh'atent of feedlot agricul-
ture, with Bome of the undesirable
peological side effects that hawve
been described for ita terrestrial
equivalent by Commoner (13].



Figure 1. “Eecort” males approach & mated
palr of green turtles {Chelodn mivdes) in
the waters of Australia's Great Barrier Reef:
The complex underwater hehavior of this

The excrement of the massed tur-
tles, instead of recycling nutrients
over a large grazing area, becomes
a8 local pollution problem. The
crowding of the turtles in pens in-
creases the hazard of disease: two
commaon problems are respiratory
infections and the infection of skin
lesiona (caused by the biting that
Declrs among crowded preen tur.
tles) by several types of marine
bacteria. Such infections may he
prevented or controlled, but not
without some expenditure of work
either for maintenance of water
quality or for disease treatment. Fi-
nally, feedlot mariculture, as point-
ed out by Bardach et al. (14), usu-
ally has the effect of restricting the
operation to monoculture, which is
ecologically inefficient.

Commercial turtle mariculture does
not use the potential of the shallow
seas to grow green turtles; “farming
the seas” in this context is a slogan
devoid of meaning. If the turtles are
fed anything but marine grasses

spaches has only recontly been deseribed and
photopraphed; much of its life history, in-
cluding the role of escort males, remains ok-
scurs, {Fhofograph courteay of Julie Boath, )

and algae after the first six (o
twelve months of life, they are ex-
ploiting a different foed chain, and
the main ecological value to man of
C. mydos as a unique food source is
eliminated. If, as is usually the
case, trout chow and cheap fish are
used to feed both hatchling and sub-
adult turtles, the error is then
compounded, because animal pro-
tein i# being diverted away from a
potentislly more efficient and oco-
nomical direct use by man. If an
attempd is made to harvest Thal.
assLa. (or terrestrial crops) mechani-
cally for food, then it becomes the
de lacto equivalent of moving the
turtles to a higher trophic level,
since human energy must be ex-
pended on work that the turtles
would ordinarily do for themselves
with much greater efficiency,

Reproductive problems

The second set of prc;ﬁlems relates
to reproduction and the associated
natural history of the green turtle.

In the preface to their book om
aguaculture, Bardach et al. (14, p.
viii), make the following statement:
“Whether we wish to grow crab or
mullet, lobster or shrimp and
whether the first consideration is to
make monev or to supply addition-
al animal proteins in a country's
diet, we should have complete
manipulative mastery over the en-
tire life cyele of the animal. . . . Con-
tral over reproductive biology [au-
thors' italies] of the apecies in ques-
tion is necessary.” Later in the
game work the authors provide a
gvstems flow chart for aguaculture
planning in which they stress again
that investigations of reproductive
physiology should precede even the
pilot project stage in the develop-
ment of an aquaculture technology
for any apecies,

In mariculture of sea turtles this
sensible plan has been impatiently
reversed: its proponents have hegun
large-scale commercial operations
with the expressed hope of oh-




e - . e
izantl Beaoh, Surinam; the Mask-shaped epg
vavity has besn exposed by the photogra
pher, /At this stage of nesting, the female is
ablivious o interference. When egg laving is
mamplete, the cavity will be pucked with
sand by the hind flippers ond further cosw-

taining full control over the turtles’
roproduction st some later date,
but with no scientific certainty that
this wish will ever be pratified. If a
rational screening procedure had
heen used first, it is possible that
the green turtle might have been
eliminated by now 88 a candidate
for mariculture,

At present, commercial mariculture
is forced' to parasitize natural nest-
ing heaches for egge to maintain its
supply of turtles, This will continue
into the foresesable future, with
several adverse conseguences (I6),
Most obvious is the reduction of re-
cruitment to the dwindling stocks
of wild sea turtles caused by the
lose of tene of thousands of eggs to
mariculture, Since green turtles ap-
pear to return to their natal beach-
es to neat when they reach sexual
maturity, losses from a particular
population will not he made up
from elsewhere, even if there were
an “elsswhere” to provide replace-
ments. A somewhal analogous sit-
uation in aquaculture has been de-
scribed by Hickling (16), who re-
ports that the eel (Anguilla joponi-
¢a), which presents similar repro-
ductive problems, is cultivated zo
intensively in Japan that the local
supply of elvers s msufficient, with
the result that elvers are imported
from Taiwan and even from Europe
(A, enguilla). Of course eels are not
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Figure 2, A groan turtie lays her aggs st Blg-  ered with sand thrown by the front Nippers.

Ultimniely, the rggs will lie almost a meter
hedow the surface of the beach, necesitating
A coonperative effort on the part of the
hatehlings to emerge, [Photograph esurtessy
of Pater . H, Pritchard, b

endangered to the same extent as
green turtles, 7

It has been claimed by the advo-
cates of marculture that restora-
tion of a small number of yvearling
green turtles will compensate for
their egg predation, zince most
hatchlings do not survive to adualt-
hood, The survivership fipure that
they commonly quote ia (.2 per-
cent; on the other hand, Hirth (3,
p. 3:11), in the most extensive sur-
vey of the world literature on green
turtles, states that survivorship to
adulthood “may be a8 low az 15"
Thus, theoretically, a total - of
20,000 epgs taken from one site
could be replaced by 30 to 150
vearling turtles, depending on
whose survivorship estimate iz be-
lieved (and assuming a 75 percent
hatching rate under natural condi-
tions, as well as negligible mortality
among the yearling group).

Unfortunately, the life cycle of the
green turtle 1s so inaccessible that
nobody knows whether vearlings (or
older immature animals) can sur-
vive if released at the nesting
beaches at the wrong time in their
lives, or whether critical periods for
the development of their orienta-
tion ability in responge to local cues
will have passed. Several authors
{17} have suggested that hatchlings
may be imprinted with the peculiar

seent of their birthplace either
while buried in the moist sand of
the heach or while first swimming
in the waters immediately offshore,

If olfactory or other local cues are
indeed important in the develop-
ment of homing ability, then vear-
ling turtles, which may be past the
age of imprinting, will not necessar-
ily be able or motivated to return
to the release site when thev reach
breeding age. Mor will they neces-
aarily be able to sustain themselves
with the same foods eaten by the
more  pelagic and carnivorous
hatchlings az they drift or swim
toward the distant feeding grounds.
Indeed, the offshore waters at many
pesting grounds {including Ascen-
sion Ieland and Tortuguero, Costa
Rica) provide little or no food for

.turtles past the hatchling stage:

adults on"their reproductive migra-
tions presumably sustain  them-
selves by drawing upon extensive
fat depoeita not found in vearings.

One known behavior pattern of the
hatchlings that militates against
manipulation of their life eyvele has
been described as the “infantile
frenzy" (18). This is a period of in-
cezgant swimming activity seen in
hatchlings that have freshly
emerged from the nest and have
been placed in water; it lasts for
soveral days, after which the turtles
kegin to assume their lifelong activ-
ity pattern of sleeping at night and
swimming during the day. Older
freshly caught turtles do not dis-
play this peculiar behavior, If the
infantile frengy is a naturally oe-
curring behavior and if it has any
adaptive wvalue, it is likely that it
serves the purpose (when coupled
with the appropriste orientation
gystem) of taking the vulnerable
hatchlings through the predator-
infested inshore waters as quickly
a3 possible. Equally significant, it
~might also serve to place the hatch-
lings in longshore currents that are
moving toward the various feeding
grounds,

In my own experence with labora-
tory-reared green turtles released at
the age of one to two years in the
Gull of Mexico, several tagged indi-
viduals were recaptured a few days
later when they crawled out of the
ocean not far from the release
point—certainly abnormal behavior
for immature sea turtles. The same
phenomenon has been observed by



Carr {pers. comm.}. Therefore, al-
though the natural history of the
green turtle during the first vear of
life is largely unknown, cireumstan-
tial evidence supports the idea that
being in the right place at the right
time hes developmental signifi-
cance for the species. Considers
ationg of this sort have prompted
Hirth {3, p. 6:4) to remark that
“hatchlings produced in ... hatch-
eries should be released as soon as
possible after emerging on the sur-
face,” with the method of release
most nearly approximating *the
natural behaviour of the: animal.”
The release of vearling turtles at a
neésting beach cannot be considered
a substitute for eggs taken from
that beach, on the basis of present
knowledge.

Figure 3, A weary femole green turtle pe-
turns to the sen in the early morning houes
after nesting, Great Barrier Heef Nesting
turthes may travel 100 meters or more
itlard, remaining out of water 1 to 4 hours,

Egg parssitism for commercial ma-
riculture has another serious effect
on the conservation of green turlles.
Many of the nesting beaches are
turtle sanctuaries or have laws and
regulations prohibiting the taking
of eggs by the native population.
These sanctuaries snd laws have

been hard-won, often against politi-"

cal 'Gpposition, and are maintained
only by their essential reasonable-

‘ness and by the honesty and impar-

tiality of their administrators. A
hint of “colonialism™ or foreign
commercial exploitation of &8 re.
gource denied to local citizens can
reverse decades of hard work by
ecologists and conservationists,

The impression made by foreigners
using motorized vehicles to gather

to depoait approcimately 100 eggs. Several
trips wrée made during the meating seasoo;
this individual will nest again in 2, 3, or 4
years. {Fhotograph courtesy of Julie Bootk )

and remaove 15,000 or 20,000 eggs in
the course of n week or two is not
easy to erase. How can an egg-hun-
gry native be convinced that this is
right and proper, if there iz not
gven 8 convincing ecological ratio-
nale for such actions? The eggs
taken for mariculture at Tortugu-
ero beach, for example, would pro-
vide every child and adult in the
two villages on the beach with two
eges & day for more than 8 month.

“Alternately, if we sssume a very
conservative 0,5 percent survival to
maturity, these eggs represent the
significant annual increment of 75
adult animals to replenish the
dwindling turtle population at
Tortuguero,

Conscious of the objections to
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Figure 4. Mating green turtles are stranded
by the receding tide, Great Barrber Reel,
Most male sen turtles mever return to land
after their imitlal emergemen from the nest,

parasitizing natural nesting beach-
es for eggs, both commercial and
nenprofif mariculturists  are” now
working toward the goal of breeding
green turtles in cAptivity and hav-
ing the females nest on man-made
beaches. Several instances of such
breeding and nesting have been re-
ported informally by different
groups, but considerable research
must vet be done before turtle
“ranching” becomes turtle ““farm-
ing"—in other words before the
species has been reliably domesti-
cated for its full life cycle. Manipu-
lation of the reproductive cycle
with pituitary and other gland ex-
tracts—usually requiring a lengthy
process  of experimentation—has
not been attempted, nor hes there
been selective breeding for desir-
able traits (which will be compli-
cated by 8 number of factors, in-
cluding the storage of viable aperm
in the female reproductive tract for
a period of years).

Mevertheless, if we assume that all
physiological and behavioral obsta-

28 Ameriean Scientist, Yolume B2

baut are especially vulpernbie to harpooning
and capture while mating. (Phatograph
paurtesy of Julis Booth,)

cles to turtle farming will be readily
overcome, there remains a formi-
dable ecological-ecomomic problem
which has not been discussed by
the proponents of mariculture.
Neme of the thousands of tagged
greéen turtles has ever been ob-
gerved to pest more often than
overy Lwo yveans, most nest every
three wvears, and many nest every
four vears (191, Let us assume the
most  favorable case for mari-
culture: that sll captive females
will be selected or induged to breed
every two vears, and that each will
lay 500 egga during a breeding sea-
son, We can also assume an overall
7h percent hatching rate, taking
into account both fertility and in-
cubation failures; this is midway
between the high and low figures
commonly encountered in practice.
Finally, let us sssume that one
male will be adeguate to fertilize
ten females (5 p. 808). With these
asaumptions, & commercial turile
farm would have to keep 8 breeding
stock of 293 adult sea turtles in
order to provide 50,000 hatchlings &

vear, At 240 lba (109 kg) each, a
low-normal weight for adults, this
is 70,320 Ibs (31,937 kg) of green
turtles to maintain on a permanent
basis,

Where will these 295 sea turtles be
kept with enough space for breed-
ing and nesting, and how and what
will they be fed? How will the pens
iprobably inlets with narrow necks
comnecting with the sea) be fenced
against  hurricemes and floods
(when even a small break could
cause ruinons losses of stock), how

‘will they be cleaned, and what will

happen to the excrement? And
what will the cost of all this do to
the already high price of the prod-
uet? It is clear that the advocates
of self-sufficient turtle farmes have
not thought this out with any de-
gree of precision. True, other mari-
culture industries hawve overcome
many difficulties and now contrel
the full life eycle of their organisms.
But it is a far cry, for example,
from & kuruma shrimp that reaches
an adult size of 50 to 120 g in a few



months and prodeces 300,000 to
L200,000 egges (14, pp. B02-10) to &
green turtle weighing 108 kg and
producing 500 eggs every two vears.
Nor is it even remotely likely that
the difference will made up by the
difference in the profit per shrimp
versus the profit per turtle,

Economic problems

The third set of major problems
comcerns the intersction between
economics and conservation and
can be generalized, with caution, to
a number of other commerecial ven-
tures in the farming of endangered
species. To begin, there is the irre-
ducible and increasing cost of feed-
ing animal protein, even in the
form of trash fish and trout chow,
to sea turtles (200, When added to
the costs of either obtaining eggs or
breeding adults, plus the intangible
coste and risks associated with rais-
ing a crop that takes two to three
vears to reach marketable size, it
becomes clear that the various tur-
tle products will always be sold at
luxury prices. No amount of pro-
duction efficiency will eliminate the
extra costs imposed by the hiologi-
cal and ecological peculisrities of
green turtles; they are not economi-
cally homologous with chickens. In
the words of Russell-Hunter (21,
“orovision of animal food is exXpen-
sive .. . and generally can only sup-
port a luxury trads,”

No kwashiorkor will ever be nipped
in the bud by a traditional serving
af jellied turtle broth with sherry at
a banguet of the Lord Maver of
London, or by the sale of a turtle
steak in a New York gourmet shop
orf Florida supermarket. As long as
large-acale mariculture of sea tur-
tles is returning a profit, it repre-
sents a waste of animal protein on
an expensive trophic level and iz a
negative factor in the global supply
of protein in the human diet, There
is perhaps no better example of a
tight, direct linkage between ecola-
gy and economics.

Another economic problem with
mariculture's relationship to con.
servation has been suggested by
Carr (22), The mariculturists en-
gaged in raising green turtles as a
commercial operation are bound to
make every effort to strengthen and
broaden the market for turtle prod-
ucts. Yet for the reasons just noted,

they will never be able to bring the
prices of those products so low that
the fishing of wild stocks becomes
uneconomical, &t least not untid
Chelonic mydas iz reduced to such
tiny and inaccessihle populations.
that it is commercially extinct. In
fact, by generating a new market
demand, they are likely to make
both-Tegal and illegal turtle fishing
more attractive than ever (23). The
revival and stimulation of the lux-
ury goods trade in tuttle products
ensures that there will always he
some market outlets for anybody
who has turtles to sell.

Competitive “barriers to entry' are
not effective in situations of this
sort, where the “competition” con-
gista of a highly flexible network of
turtle fishermen and distributors
who have little capital investment
in turtling, are responsive to sud.
den opportunities in local as well ag
international markets, and can fish
for eomething else whenever the de.
mamd for turtles slackens, If turtles
are profitable to the mariculture in-
dustry, they will be profitable to
turtle fishermen; becaunse of its high
overhead it is not possible for mari-
culture to remove permanently the
sellers of wild-caught sea turtles

Figura . Hatchling green turtles explode
aut of their nest covity and hegin & frantic
daeh acrom the prodator-indfested beach to
the slightly bess dangenous sea. Ureat’ Bar-

rier Reef. Emergence is  temporaturs-

from the market by pricing strate-
gieg—nor iz there any economic
reason even to make the attempt.

A roughly analogous situation can
be seen in central Florida, where
the mere existence of Disney
World, with its proven ability to
draw millions of tourists from all
over the country, has stimulated
the growth of dozens of “rival”
tourisgt attractions and facilities,

+many of which are poorly capital-
ized and badly managed and might
fail in the absence of their giant
“competitor.,” Unfortunately, the
demand for turtles will grow with
mariculture, and so will the price of
the products,

It has been countered that com-
mercial mariculture will monopo-
lize the turtle trade because of the
reliability and volume of ita turtle
output and because of the higher
quality of the meat, leather, and
ghell (but not calipee or oil) it has
for sale. In the former case, the
argument s essily dismizsed be-
cause it applies only to certain
types of large volume purchasers.
In the latter, the superiority of the
domestic products is not over-
whelming, except perhaps in the

dependent, wsunlly ocecurring  after  mid-
night—rarely during # cool svercast or miny
doy. The hatehling emergence is hardly sver
seem, | Photograph courtesy of Julie Booth.)
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case of shell (24, But whatever the
difference in quality, it could hard.
¥ be great enough to cancel out the
high operating costs of the mari-
culture industry, and turtle fisher-
men can eazily afford to sell their
products at a lower price, if neces-
BArY.

There are two last objections to
commercial mariculture of sea tur-
tlez, which | mention briefly be-
cause they do not necessarily hear
on turtle conservation. First, mari-
culture i3 now obtaining eggs from
a number of nesting beaches in dif-
feremt parts of the world. An acci-
dent or natural disaster such as a
hurricane might result in the re-
lease into the ocean of large num-
bers of mariculture hatchlings rom
different gene pools. This in turn
eould conceivably, in subseguent
vears, cause the distortion or oblit-
eration of natural zoogeographic
patterns of great interest to biolo-
gists. Second, there is the whole
issue of secrecy, which may he nec-
essary to a commercial operation,
but which is repugnant to scientists
who are thus obstructed in their ef-
forts to learn more about the physi-
ology, behavior, and management
of sea turtles.

Domestication: costs and
heneﬂta

I have advanced arguments to show
that the larpe-scale commercial
mariculture of green turtles is at
present having a negative influence
on efforts to conserve this endan-
gered and uniquely waluable rep-
tile. Moreower, ecological and eo-
nomic conatraints that the industry
cannot escape appear to guarantes
that the effect of commercial mari-
culture on conservation will con-
tinue to be adverse in the foresee-
ahle future., The problems include:
(1} parasitizing natural populations
for eggs; (2) undermining local con-
servation regulations; (3) the diffi-
culty of developing and maintain-
ing a breeding stock; (4) the inabil-
ity to henefit from the animal’s fa-
vorable trophic position, with the
regulting waste of animal protein
and high operating costs; and (5)
reviving the demand for turtle
products and thus increasing the
ECOTOMIS Pressure on  remaining
wild populations. These problems
seem to lack a simultaneous solu-
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tion. Indeed some of them sppear
to have no solution at all,

Carr hes  recently guestioned
whether the commercial farming of
wild animals can help save any of
the most endangered reptiles—sea
turtles, alligators, and crocodiles
i(22). This case study lends suppoft
tchis worries about farming insofar
gs seda turtles are concermed, but
the biological peculigrities of Che-
lonia should make us cautions int
extending this conclusion to mem-
bers of other reptilian orders.

Mevertheless, the example of the
green turtle doea provide a useful
generalization pertaining to an in-
teraction between economics and
ecology, which cam be applied
whenever a commercially valuable
species is declining. Specifically, in -
any case of wild animal farming (or

Figure &, The path of & nesting green turtke
atredcles acress the beach at lsabels Esland,
Linlnpagos, This bulldozerlibe track can
sarve &k an armow indicating the locatlon of
egps. and possibly the turtle herself o an
experienced poacher, The reprodductive be-
havior of gresn turtles, which inchedes ag-
Egregato neating at specific beaches, ia largely
responsible for the endangered staties of the
species. { Photograph courtesy of Prter C. HL
Pritchard, |

ranching} there must come a eriti-
eal point in the relationship be-
tween farming and hunting at
which hunting iz no longer worth-
while becavse of relative costs; at
thisz point farming becomes & posi-
tive factor in conservation, The
location of this point is established,
on the one hand, by the number of
animale produced by farming, the
coat per animal, and the added de-
mand generated by the industry,
and on the other, by the availabili-
ty (cost) of wild animals, which is
itgelf a complex function of popula-
tion size, distribution, and behav-
ior, {This critical point should not
be confused with the point at which

wild animal farming becomes prof-

itable; the latter is a subject for
more conventional economic analy-
sis and ia outside the scope of this
article.) ..

With large, slowly maturing, par-
tially carnivorous, essy-to-catch
animals, the example of the green
turtle has demonstrated that the
critical point may be reached only
when the wild populations near {or
reach) extinction. Thus the exis-
tence of commercial farma for alli-
gators and crocodiles should not be
allowed to generate the falze confi-
dence that the conservation prob.-

lems of these species hawve
aolved.

It remains to be asked whether
other methods of raising captive
green turtles might be more accept-
able to conservationists, As is often
pointed out, the greatest conserva-
tion potential of sea turtle mari-
culture occurs when it substantially
increases survivorship during the
first year of life. This can, in effect,
liberate the considerable sea turtle
fecundity for the task of rebuilding
depleted populations, But for this
to happen, many of the turtles so
raized must be relessed rather than

* marketed, and there must be a rea-

sonable chance of their survival,
These conditiona have the best
chanee of being satisfied by, non-
profit turtle ranches located at
nesting beaches that also have resi-
dent colonies of gréen turtles.

One positive approach to nonprofit
turtle ranching can be seen at
Great Inagua Island, Bahamas,
where the Caribbean Conservation
Corporation and Bahamas Trust
have taken advantage of a favor-



ably indented cosstline to wall off
about 1,000 ha of turtle-grass shal-
lows, Both hatchlings and adults
can be kept there, and one instance
of nesting on a man-made beach
has already oocurred.

Commercial maricolture of sea tur-
tles is occasionally acceptable, but
only when the operations are small
and under government supervision,
and when the markets are relative-
Iy local. The turtle ranches estab-
lished in Queensland, Australia, by
Dr. Robert Bustard (7, pp. 179-83)
are an excellent example: they
serve the dual function of inter-
egting the native population in tur-
tle conservation and reducing the
local hunting pressure on  wild
stocks (because the hunters are in-
volved in the ranching). In this case
the advantages appear to outweigh
the usunl negative side effects of
turtle mariculture, but periodic re-
evaluation will be advisable.

The best procedural rules for green
turtle mariculture can be found in
the writings of Hirth, who advises
that *“initial attempts at turtle
aquaculture should be on a small
scale and should be conducted only
if acientific expertise is available”
(3, p. T:1), and Carr, who states
that “the only effort to be encour-
aged should be a non-profit, gov-
ernment-sponsored campaign  in
which many small, widespread,
purely experimental projects simul-
taneously” attack the problems of
nutrition, disease control, and cap-
tive breeding; and “which, from the
beginning, freely share all informa-
tion bearing on procedure and re-
sults” (22), The conservation lesson
of green turtle ranching is plain:
not all animals are equally appro-
priate for large-scale commercial
huebandry, and the multiple inter-
actions among biology, economics,
and conservation muet be carefully
weighed at the outset.
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