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ABSTRACT 

The g e n e r a l  background and p r e s e n t  s t a t u s  o f  t h i s  new branch 
of  m a r i c u l t u r a l  s c i e n c e  a r e  b r i e f l y  surveyed,  w i t h  a d e s c r i p t i o n  of  
t h e  only  l a r g e  i n d u s t r i a l  complex now i n  e x i s t e n c e .  Progress  i n  
t u r t l e  m a r i c u l t u r e  t o  t h e  p r e s e n t  i s  summarized and some outs tanding  
s c i e n t i f i c  problems r e q u i r i n g  s o l u t i o n  a r e  d e l i n e a t e d .  The new 
i n d u s t r y ' s  i n t e r f a c e  wi th  problems o f  conserva t ion  o f  wi ld  s t o c k s  
i s  d iscussed .  

INTRODUCTION 

A s  t h e  e n t i r e  f i e l d  o f  marine t u r t l e  c u l t u r e  i s  l i k e l y  to be a 
new one t o  many m a r i c u l t u r i s t s ,  a background review seems appropr i -  
a te .  I wish t o  d e a l  b r i e f l y  wi th  t h e  p r i n c i p a l  c u l t u r e  s p e c i e s ,  t h e  
s i n g l e  major t u r t l e  farm now i n  e x i s t e n c e ,  t h e  s t a t e  of t h e  a r t  a t  
p r e s e n t ,  and t h e  s p e c i a l  r e l a t i o n s h i p  f t h i s  new c u l t u r e  f i e l d  t o  
wi ld  s t o c k s  and conserva t ion  problems. P 

THE GREEN SEA TURTLE, Chelonia mydas 

The only s p e c i e s  considered h e r e  is t h e  green  sea  t u r t l e ,  t h e  
o n l y  p r i m a r i l y  herbivorous one of  t h e  seven descr ibed  marine t u r t l e  
s p e c i e s  belonging t o  f i v e  genera.  

1 
Ehrenfeld (1974) p r e s e n t s  t h e  c o n s e r v a t i o n i s t  case  i n  a n  a r t i c l e  

publ ished a f t e r  t h i s  paper was prepared and presented .  The present  
paper  was intended t o  provide b a s i c ,  background informat  i o n  bcariiig 
on t h e  m a t t e r ,  but is  i n  no sense  intended t o  r e p r e s e n t  a n  opposing 
view--counter-arguments t o  Ehrenfe ld  a r e ,  I understand,  i n  prepara-  
t i o n  by o t h e r  p a r t i e s .  

The p l a n t  d i e t  presumably accounts  
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fo r  C. mydas being considered the  most €lavorsome of t he  marine 
t u r t l e s .  It c e r t a i n l y  makes it t h e  most promising candidate,  i n  
energy terms, f o r  large-scale commercial cu l tu re .  One might con- 
s i d e r  it a r e p t i l i a n  " s t ee r  of t he  sea"--a red meat animal grazing 
on submarine pastures of t u r t l e  grass  and a lgae ,  and reaching 
weights above 70 kg. A s  i n  a l l  r e p t i l e s ,  growth continues a t  de- 
creasing r a t e s  throughout l i f e ,  and weights of 350 kg have been 
reached (Lngle and Smith, 1949); t he  lower weight ranges a r e  l i k e l y  
t o  be important ones i n  commercial farming. 

The green t u r t l e  reaches sexual matur i ty  i n  t h e  wild i n  some- 
th ing  over 6 years,  probably dependent upon the  n u t r i t i o n a l  s t a t e  
of t he  individual.  Maximum, o r  even average, l i f e  span i n  the  wild 
i s  unknown; ind iv idua ls  have l ived  20 years i n  c a p t i v i t y  ( E r s t  and 
Barbour, 1972). Except f o r  occasional basking above water l i n e  on 
a few remote beaches, and fo r  t he  females' ascent of sea beaches t o  
nes t ,  t h e  animals a r e  t o t a l l y  aquat ic .  The females reproduce on a 
multi-annual cycle i n  the  wild,  making mul t ip le  nes t s  of 1 O O t  eggs 
each a t  i n t e rva l s  of from 10 t o  15 days. Bi-annual, t r i -annual  and 
longer p e r i o d i c i t i e s  fo r  nes t ing  have been recorded, probably vary- 
ing according t o  n u t r i t i o n a l  s t a t e  and the  length of migration route  
between feeding and nes t ing  a reas .  
known a t  present i s  t h a t  between t h e  Braz i l i an  coas t  and Ascension 
Island--some 2,000 km across the  A t l a n t i c  Ocean (Carr, 1964, 1965). 
Each population tends t o  have a breeding season with a demonstrable 
peak i n  the  mid-summer months of the  appropr ia te  hemisphere, although 
i ea t ing  may occur v i r t u a l l y  the  year around i n  some equa to r i a l  10- 
c a l i t i e s .  The eggs develop unattended i n  the  sand of t he  nes t ing  
beach and the  young make t h e i r  way t o  the  sea upon emergence from 
the  nest .  For the  f i r s t  few days i n  t h e  water,  t h e  young t u r t l e s  
apparently s w i m  almost cont inua l ly ,  thereby achieving wide d i s p e r s a l  
a t  sea.  So l i t t l e  is known of t h e i r  l i f e  from t h i s  point u n t i l  they  
reappear on the  feeding grounds a s  "yearlings" from 20 t o  25 cm i n  
carapace length,  t h a t  t he  term " los t  year" i s  c o m n  currency among 
s tudents  of sea t u r t l e s .  A l l  ava i l ab le  evidence poin ts  t o  t h e i r  
being obl iga te  carnivores during t h i s  f i r s t  year a t  sea ,  dependent 
upon the  l a rge r  elements of t he  plankton and nekton f o r  food. When 
they reappear i n  shallow waters,  they apparently convert r ap id ly  t o  
an herbivorous d i e t  of aquat ic  grasses  and a lgse .  
Hi r th  (1971), Bustard (1972), and E r n s t  and Barbour (1972) review 
t h e  s t a t e  of present knowledge of sea t u r t l e  biology, the  l a t t e r  
t h ree  references providing good bibliographies of  recent l i t e r a t u r e .  

The most remarkable migration 

Carr (1967), 

THE MARICULTURE, LTD. TURTLE FARM 

Although capt ive  rear ing  of s tock  obtained from t h e  wild has 
been prac t iced  fo r  cen tu r i e s ,  and i n  a few cases (Le Poulain, 1941) 
has developed i n t o  a t r a d i t i o n a l  l oca l  industry,  t r u e  capt ive  cul- 
t u r e  over generations has not ye t  been developed. F u l l  cu l tu re  i s  
now being attempted i n  a number of p laces ,  t he  best known of which 
a r e  the  Torres S t r a i t s ,  Aus t r a l i a  program (Anon., 1970; Bustard, 
1972), a p i l o t  farm operated by t h e  Caribbean Conservation Corpora- 
t i o n  on Great Inagua Is land  i n  t h e  Bahamas (Carr, 1967), and the  
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major ,  c a p i t a l - i n t e n s i v e  o p e r a t i o n  e s t a b l i s h e d  by M a r i c u l t u r e ,  L td .  
on Grand Cayman I s l a n d  i n  t h e  B r i t i s h  West I n d i e s .  The l a t t e r  i s  
by f a r  t h e  l a r g e s t  and most advanced i n  i t s  o p e r a t i o n s .  S o  f a r  a s  
I know, it i s  t h e  o n l y  one p r e s e n t l y  engaged i n  commercial market-  
i n g  o f  i t s  p roduc t .  

I n c o r p o r a t e d  i n  1968, M a r i c u l t u r e  L t d .  began s a l e s  o p e r a t i o n s  
i n  1972 and s t a r t e d  a r e g u l a r  s l a u g h t e r i n g  program f o r  3 and 4 
yea r -o ld ,  farm-reared s t o c k  (30 t o  35 kg) i n  1973. The farm (Fig- 
u r e  1) occup ies  about  4 ha w i t h  c o a s t a l  exposure ;  158 t anks  r ang ing  
from 546 l i ters  t o  409,500 l i t e r s  c a p a c i t y  house upward of  100,000 
animals  o f  a l l  ages .  A l a r g e  b reed ing  pond o f  approx ima te ly  4.5 
m i l l i o n  l i ters  c a p a c i t y  h a s  been excava ted  ou t  o f  t h e  c o r a l  rock  
and provided w i t h  a sand n e s t i n g  beach. T o t a l  w a t e r  c i r c u l a t i o n  
r a t e s  range above 9 m i l l i o n  l i t e r s  o f  n a t u r a l  s ea  w a t e r  p e r  hour .  

A l l  phases  o f  t h e  o p e r a t i o n ,  from h a t c h i n g  o f  eggs t o  proces-  
s i n g  o t  marke t - s i zed  s t o c k ,  a r e  s y s t e m a t i z e d  and automated a s  f a r  
a s  p o s s i b l e .  Young h a t c h l i n g s  a r e  conve r t ed  a s  r a p i d l y  a s  p o s s i b l c  
from m u l t i p l e  d a i l y  f eed ings  o f  minced n a t u r a l  food ( squ id ,  f i s h ,  
e t c . )  t o  t w i c e - d a i l y  f e e d i n g s  o f  p repa red  h i g h - p r o t e i n  food. There- 
a f t e r ,  o r d i n a r y  farm s t o c k  i s  fed mainly p repa red  p e l l e t e d  food,  
w i t h  o n l y  o c c a s i o n a l  o f f e r i n g s  o f  t u r t l e  g r a s s  t o  p rov ide  v a r i e t y  
and b u l k  t o  t h e  d i e t .  Water c i r c u l a t i o n  systems i n  t h e  poo l s  a r e  
d e v i s e d  t o  be s e l f - c l e a n i n g ;  h a n d l i n g  f o r  purposes  o f  medicat  i on  
and growth measurement i s  kep t  t o  a minimum t o  reduce stress on t h e  
an ima l s .  The t u r t l e s  a r e  kep t  under  crowded c o n d i t i o n s  throughout  
t h e i r  l i v e s ,  a s  compared w i t h  normal d e n s i t i e s  i n  n a t u r e  (F igu res  
2 and 3 ) .  The an ima l s  presumably accommodate t o  t h e  s t r e s s e s  pro- 
duced by crowding through t h e  s imple  c i r cums tance  o f  neve r  e x p e r i -  
e n c i n g  any th ing  e l s e - - i n d e e d ,  one g e t s  t h e  impress ion  t h a t  t h e y  show 
less a g o n i s t i c  behav io r  i n  t h e  crowded farm s t o c k  t a n k s  t h a n  i n  ex- 
pe r imen ta l  t a n k s  where each an ima l  h a s  more i n d i v i d u a l  s p a c e .  The 
s t o c k  t a n k s  a r e  t o o  crowded f o r  cohe ren t  one-to-one encoun te r s  and 
t h e r e  is  no r e a l  o p p o r t u n i t y  f o r  meaningful  dominance h i e r a r c h i e s  
t o  deve lop ;  a s  a r e s u l t ,  food i s  p robab ly  more e q u a l l y  d i s t r i b u t e d  
and l e s s  t o t a l  ene rgy  i s  expended i n  non-growth a c t i v i t y .  

S l a u g h t e r i n g  i s  hand led  on a r i g i d l y - c o n t r o l l e d  b a s i s ,  w i th  
humane k i l l i n g  and sc rupu lous  hygiene (F igu re  4 ) .  F l e s h  is  cu t  and 
packaged f o r  f r e e z i n g  i n  s e v e r a l  s t y l e s ;  f a t  is  s e p a r a t e d  f u r  e x t r a c -  
t i o n  o f  t u r t l e  o i l ;  l i v e r s  a r e  be ing  e x p e r i m e n t a l l y  used f o r  p a t e ;  
whole s h e l l s  a r e  c l eaned  and p o l i s h e d  f o r  s a l e  a s  c u r i o s ,  and p l a t e s  
from imper fec t  ca rapaces  s u p p o r t  a s m a l l  t o r t o i s e - s h e l l  j e w e l r y  
i n d u s t r y  on t h e  premises .  It  i s  noteworthy t h a t .  wh i l e  t h e  s c u t e s  
from wi ld  g reen  s e a  t u r t l e s  a r e  o r d i n a r i l y  t o o  t h i n  f o r  use i n  
jewelry-making, t h e  s c u t e s  from t h e s e  farm-reared animals  fed high 
p r o t e i n  d i e t s  a r e  abnormally t h i c k  and p rov ide  good q u a l i t y  m a t e r i a l  
f o r  j ewe l ry .  

TURTLE CULTURE PROBLEMS AND THE PRESENT STATE OF TIE ART 
Various a q u a r i a  and r e s e a r c h  e s t a b l i s h m e n t s  have f o r  yea r s  

ma in ta ined  s m a l l  numbers o f  g reen  s e a  t u r t l e s  s u c c e s s f u l l y  i n  cap- 
t i v i t y ,  and a c o n s i d e r a b l e  l i t e r a t u r e  on t h i s  exis ts  ( s e e  e s p e c i a l l y  
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the  references c i t e d  i n  Hir th ,  1971, and E r n s t  and Barbour, 1972). 
The problems of c o m r c i a l  sea t u r t l e  cu l tu re  a t  present revolve 
l a rge ly  around two c e n t r a l  themes: economics of mass cu l tu re ,  and 
cont ro l led  breeding i n  cap t iv i ty .  Wood (1974), Rebel1 e t  a l .  
(1974), and Haines e t  a l .  (1974) have addressed the  f i r s t  theme; 
Owens (1974), and Ulrich and Owens (1974) the  second. 

Throughout t h i s  discussion, c e r t a i n  e s s e n t i a l  d i f fe rences  from 
most o ther  mar icu l tura l  a c t i v i t i e s ,  and s i m i l a r i t i e s  t o  t e r r e s t r i a l  
meat-producing indus t r i e s  such a s  hog farming, w i l l  be noted. The 
ind iv idua l  animal un i t  i n  t u r t l e  cu l tu re  i s  reared t o  l a rge  s i z e  
over a r e l a t i v e l y  long time, and the re fo re  has a high u n i t  value.  
It i s  not marketed e n t i r e ,  but i n  pa r t s .  The pre-reproductive l i f e  
h i s t o r y  and the  breeding c y c l i c i t y  a f t e r  maturation involve extended 
periods of t i m e  i n  nature;  whether these  t i m e  elements can be shor t -  
ened i n  cu l tu re  i s  probable but yet t o  be documented. Fecundity, 
however, i s  very much h igher  than  fo r  hogs and might be expected t o  
r i s e  a s  cu l tu re  techniques reduce reproductive time parameters, 
increasing the s i m i l a r i t y  t o  most mar icu l tura l  a c t i v i t i e s .  

ECONOMICS OF MASS CULTURE 

Mariculture,  Ltd. has demonstrated success i n  developing tech- 
niques f o r  mass rear ing  of green sea t u r t l e s  on a paying, commercial 
l eve l .  The problems i n  t h i s  a r ea ,  t he re fo re ,  a r e  l e s s  i n  the  realm 
of q u a l i t a t i v e  "break-throughs" and more i n  the  realm of quan t i t a t ive  
refinements r e su l t i ng  i n  increased e f f i c i ency ,  improved q u a l i t y ,  and 
i n  r i s k  reduction. Non-biological problems of d i s t r i b u t i o n ,  market- 
ing, p lan t  s i z e ,  e t c .  w i l l  not be discussed here.  

Methods developed a t  t he  farm f o r  hatching sea t u r t l e  eggs 
include incubation i n  Styrofoam conta iners  (Figure 5) and mechanical 
opening of a l l  eggs, once normal hatching has begun. These methods 
produce s i g n i f i c a n t l y  higher percentages of l i v i n g  young than  a re  
observed emerging t o  the  beach sur face  from wild nes t s ,  but include 
unktiown proportions of weak, non-viable ind iv idua ls  (see next para- 
graph) which i n  the  wild a r e  eliminated by t h e i r  i n a b i l i t y  t o  escape 
from the  s h e l l  o r  t o  make t h e i r  way successfu l ly  t o  the  sur face  of 
t he  beach. A t  t he  least, the  farm methods appear t o  y i e ld  the  equi- 
va len t  of the  w i l d  production r a t e .  

Mor ta l i ty  during the  f i r s t  few months of l i f e  i s  high on the  
t u r t l e  farm and the  reduction of t h i s  r a t e ,  which has exceeded 5077 
on occasion, is present ly  one of t he  p r i o r i t y  concerns of the  indus- 
t r y ;  it is ,  however, miniscule when compared with t h a t  i n  wild popu- 
l a t ions  subjec t  to predation. Hendrickson (1958) attempted an  arm- 
cha i r  specula t ion  of wild ha tch l ing  losses  based on seve ra l  years 
of f i e l d  observation i n  southeast  Asia and estimated t h a t ,  f o r  a 
completely undisturbed beach under na tu ra l  conditions,  40"/. of t he  
ha tch l ings  emerging from nes ts  might be k i l l e d  before reaching the  
sea and 50% of the  remainder might be ea t en  during t h e i r  f i r s t  hour 
a t  sea. It would not be su rp r i s ing  t o  l e a r n  t h a t  the  normal wastage 
r a t e  i n  the wild comes close t o  5U77 per day f o r  the  f i r s t  week of 
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C u l t u r e  problems with marine t u r t l e s  dur ing  t h e  main 3 t o  4 
year  per iod  of  f l e s h  product ion  seem remarkably s i m i l a r  t o  t h o s e  of  
o t h e r  modern, meat-growing i n d u s t r i e s  on land.  Cont inual  e f f o r t  
must be d i r e c t e d  t o  s t u d i e s  on e s s e n t i a l  d i e t a r y  i n g r e d i e n t s ,  pala-  
t a b i l i t y ,  d i g e s t i v e  e f f i c i e n c y ,  and feeding  behavior .  An e f f o r t  
must be made t o  produce d i e t s ,  from cheap and dependable sources ,  
which w i l l  r e s u l t  i n  t h e  g r e a t e s t  amount of marketable  f l e s h  and 
f a t  o f  d e s i r e d  q u a l i t i e s  i n  t h e  l e a s t  amount of  t ime,  from t h e  
s m a l l e s t  amount o f  food consumed. A t  p r e s e n t ,  c o s t s  o f  p e l l e t e d  
food a r e  undes i rab ly  h igh  and t o l e r a b l e  o n l y  because t h e  s a l e  p r i c e  
o f  t u r t l e  products  is  so  h igh .  P r i c e s  must be lowered a s  t h e  mar- 
k e t  expands and volume i n c r e a s e s ,  and a l a r g e  p o r t i o n  o f  t h e  reduced 
product ion  c o s t s  must come from t h e  food b i l l .  Mar icu l ture ,  Ltd.  
has  developed a n  e f f i c i e n t  , mechanized h a r v e s t e r  of t u r t l e  g r a s s ,  
and abundant "hay" i s  a v a i l a b l e  from nearby submarine p a s t u r e s  , but 
t h e  p e l l e t e d  food i s  p r e s e n t l y  p r e f e r r e d  f o r  t h e  main feeding  pens 
because of  assured  constancy of  supply. The farm t u r t l e s  tend t o  
become s t r o n g l y  h a b i t u a t e d  t o  t h e  form o f  t h e i r  food, adapt ing  t o  
new foods o n l y  wi th  some r e s i s t a n c e .  

A s  wi th  most new c u l t u r e  animals ,  one of  t h e  most s e r i o u s  prob- 
lems i n  t h e  mass c u l t u r e  o f  s e a  t u r t l e s  i s  d i s e a s e :  i t s  prevent ion ,  
d i a g n o s i s ,  and t rea tment .  A whole, confusing a r r a y  of p a t h o l o g i c a l  
condi t ions  have been i d e n t i f i e d ,  and new ones cont inue  t o  appear .  
Some can be r e l a t e d  t o  c o n d i t i o n s  found i n  wi ld  sea  t u r t l e s ,  exacer-  
ba ted  under t h e  crowding and s p e c i a l  s t r e s s e s  o f  c u l t u r e ;  most a r e  
new t o  our  exper ience ,  and coping wi th  them is a p ioneer ing  t a s k  of  
f i r s t  magnitude. It may be t h a t  l i f t i n g  t h e  l a r g e r ,  h e a v i e r  animals  
by t h e i r  f r o n t  f l i p p e r s  (a  convenient  technique)  produces i n t e r n a l  
s t r a i n s  wi th  r e s u l t a n t  bad e f f e c t s .  Even repea ted  s t r a n d i n g s  of  t h e  
l a r g e r  s t o c k  f o r  weighing, medicat ion,  e t c .  may be i n j u r i o u s .  
I n s p i r a t i o n  o f  excess ive  amounts o f  water  dur ing  f r e n z i e d  a c t i o n  
( feeding  time i n  a crowded t a n k ,  r e l e a s e  t o  t h e  water  a f t e r  t r e a t -  
ment under r e s t r a i n t ,  e t c . )  may produce s e r i o u s  pneumonic problems. 
A general ly-observed f a t t y  l i v e r  c o n d i t i o n  w i l l  cont inue t o  cause 
concern u n t i l  i t s  cause and, i f  necessary ,  i t s  cure  have been d e t e r -  
mined. T h i s  may w e l l  be a s imple n u t r i t i o n a l  d i s o r d e r  l inked  with 
t h e  high-energy d i e t  fed  t o  produce t h e  d e s i r e d  r a p i d  growth r a t e s  
i n  c u l t u r e ,  and it has  m e r i t  f o r  t h e  product ion  of  l i v e r  p a t e ,  but 
i t s  e t i o l o g y  and r e l a t i o n  t o  o t h e r  a s p e c t s  of c u l t u r e  must be known 
a s  thoroughly a s  p o s s i b l e .  

The g r e a t e s t  problems have been encountered i n  t h e  a r e a  o f  
i n f e c t i o u s  b a c t e r i a l  and v i r a l  d i s e a s e s .  Many and v a r i e d  condi t ions  
appear ,  some r e l a t i v e l y  c o n s t a n t ,  o t h e r s  s p o r a d i c  and epidemic i n  
propor t ions .  It i s  of t h e  g r e a t e s t  urgency t h a t  progress  be made i n  
i d e n t i f y i n g  c a u s a l  m i c r o b i a l  agents  of  s e r i o u s  d i s e a s e ,  and i n  d i s -  
t i n g u i s h i n g  t h e s e  from a h o s t  o f  o t h e r  forms which may be more o r  
l e s s  normal symbionts o r  secondary agents  i n f e c t i n g  b i t e  l e s i o n s  pro- 
duced by o t h e r  t u r t l e s ,  e t c .  Development of  e f f i c i e n t ,  s p e c i f i c  
t rea tments  can t h e n  be at tempted.  When, i n  t ime,  f u l l  c u l t u r e  has 
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been developed (see below), planned breeding programs can include 
s e l e c t i o n  fo r  d i sease  r e s i s t ance .  

Paras i t i sm has ye t  t o  be i d e n t i f i e d  a s  a major problem i n  sea  
t u r t l e  c u l t u r e ,  but a hos t  o f  a v a i l a b l e  agents  e x i s t s ,  and it would 
seem l i k e l y  t h a t  problems of  massive p a r a s i t e  i n f e s t a t i o n  w i l l  occur 
sooner o r  l a t e r .  

Without wai t ing  f o r  t he  s p e c i f i c  and s e r i a l  developments men- 
t ioned above, a t t e n t i o n  must be given t o  study of t h e  e n t i r e  physi- 
c a l  p lan t  of t he  farm from an  epidemiological po in t  of  view. A l l  
elements of  s i t i n g ,  process,  and genera l  func t iona l  communication 
must be s tud ied  with a view t o  providing minimal d isease  transmis- 
s i o n  r i s k  and optimal quarantine c a p a b i l i t y  f o r  containment of con- 
tag ious  in fec t ions  

CAPTIVE BREEDING PROGRAM 

It i s  i n  t h i s  a rea  t h a t  t h e r e  i s  t h e  most s e r ious  lack  of bas i c  
information and experience,  and t h a t  t h e  most c r u c i a l  problems f o r  
t h e  su rv iva l  and development of  t he  indus t ry  l i e .  Not only i s  f u l l  
cont ro l  o f  breeding i n  c a p t i v i t y  the  s i n e  qua non f o r  t r u e  c u l t u r e  
of marine t u r t l e s ,  and e s s e n t i a l  t o  d a o F e n m  improved s t r a i n s  
t o  meet i n d u s t r i a l  requirements bu t ,  a s  i s  discussed i n  t h e  l a s t  
s ec t ion  of t h i s  review, it is  r e l a t e d  t o  unusually press ing  circum- 
s tances  from a conservation point of view. A "break-through" i n  
t h i s  a r ea  i s  not only h igh ly  des i r ab le ,  but i s  v i r t u a l l y  mandatory 
wi th in  the  very near fu tu re  i f  t h e  indus t ry  i s  t o  surv ive .  

There has been a grea t  dea l  of  specula t ion  regarding poss ib le  
b a r r i e r s  t o  t he  systematic reproduction of  sea t u r t l e s  i n  c a p t i v i t y ,  
l a rge ly  based 011 what is  known about wild t u r t l e s .  Ce r t a in  phenomena 
have been pos tu la ted  a s  p o t e n t i a l l y  important f o r  normal reproduction 
a s ,  fo r  example, a long migration p r i o r  t o  breeding and r e l a t i v e  i so-  
l a t i o n  of sexes (and ind iv idua ls )  f o r  long periods followed by aggre- 
ga t ion  o f f  nes t ing  s i t e s  a s  phys io logica l  o r  behavioral  subs t r a t e  
necess i t i e s .  The work of Ulrich and Owens (personal communication) 
l a r g e l y  removed these  doubts and provides grounds fo r  cautious optim- 
i s m .  

INTERFACE W I T H  CONSERVATION PROBLEMS 

So f a r  a s  I know, the  green sea t u r t l e  i s  t he  only e x i s t i n g  
mar i cu l tu ra l  subjec t  of c l e a r  commercial promise which i s  c l a s s i f i e d  
a s  po ten t i a l ly  threatened with ex t inc t ion .  I n  the  Red Data Book of 
t he  In t e rna t iona l  Union f o r  t he  Conservation of  Nature and Natural  
Resources (Honnegger, 1970), Chelonia mydas i s  placed i n  Category 3: 
"Continuing t o  dec l ine  a t  a r a t e  which gives cause f o r  s e r ious  con- 
cern." The Convention on In t e rna t iona l  Trade i n  Endangered Species 
signed by representa t ives  a t  a p len ipoten t ia ry  conference t h i s  year  
places it i n  Category 2: "...species which although not necessa r i ly  
now threatened with ex t inc t ion  may become s o  unless  t r a d e  i n  spec i -  
mens of such species is  subjec t  t o  s t r i c t  r egu la t ion  i n  order  t o  
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avoid  u t i l i z a t i o n  incompatible  wi th  t h e i r  s u r v i v a l  . . . . I '  

The l a t e  development o f  c u l t u r e  methods f o r  t h e  green  sea 
t u r t l e ,  then ,  combined wi th  i t s  c o n t i n u a l l y  d e p l e t i n g  s t o c k s  i n  t h e  
wi ld  s t a t e ,  provide a two-fold problem f o r  any s e a  t u r t l e  farm pro- 
posing t o  develop t h i s  s p e c i e s  a s  a new domestic animal., Mari- 
c u l t u r i s t s  must i n e v i t a b l y  depend upon w i l d - l a i d  eggs a s  seed s t o c k  
dur ing  t h e  i n i t i a l  developmental y e a r s  .while o p e r a t i n g  under i n -  
c r e a s i n g  p r e s s u r e  t o  develop t o t a l  independence from such x i l d  
resources  i n  t h e  s h o r t e s t  p o s s i b l e  t i m e  (and it t a k e s  from 6 t o  8 
y e a r s  t o  mature a farm-reared t u r t l e  t o  t h e  p o i n t  where s e r i o u s  
breeding a t tempts  may be made!). Mar icu l ture ,  Ltd.  expresses  recog- 
n i t i o n  of a s p e c i a l  o b l i g a t i o n  t o  support  a c t i v e  t u r t l e  conserva t ion  
work i n  every  way p o s s i b l e ,  a s  t h e y  c o n c u r r e n t l y  pursue a c r a s h  pro- 
gram t o  develop t o t a l  s e l f - s u f f i c i e n c y  i n  producing f r e s h  s tock .  
T h i s  o b l i g a t i o n  i s  p r e s e n t l y  being discharged through f inanc ing  of 
conservcltion censuses  and s t u d i e s  i n  s e l e c t e d  a r e a s  (e .g . ,  Aves 
I s l a n d  i n  t h e  Caribbean) , through p r o v i s i o n  of f a c i l i t i e s  a t  t h e  
Grand Cayman farm f o r  pure s c i e n t i f i c  s t u d i e s  a s  well a s  goal-  
d i r e c t e d ,  a p p l i e d  s t u d i e s ,  and through a v a r i e t y  of  self- imposed 
c o n t r o l s  on t h e i r  own c o l l e c t i o n s  of ha tch ing  eggs from t h e  w i l d .  
The l a t t e r  inc lude  a t tempts  t o  d e f i n e  and r e s t r i c t  a c t i v i t i e s  t o  a 
ca tegory  o f  wi ld  n e s t s  termed "doomed" ( t h o s e  wi thout  s i g n i f i c a n t  
promise o f  c o n t r i b u t i n g  t o  t h e  wi ld  popula t ions ,  even i f  l e f t  undis-  
tu rbed)  

I n  some l o c a l i t i e s  t h e  i n t e n s e  s i t e - f i x a t i o n  o f  experienced 
n e s t i n g  females produces heavy c o n c e n t r a t i o n s  of  n e s t s  on small a r e a s  
of  beach where l a t e r - n e s t i n g  females d e s t r o y  a l ready- incubat ing  
c l u t c h e s  i n  t h e  process  o f  excavat ing  t h e i r  own n e s t  c a v i t i e s  (Hen- 
dr ickson ,  1958; Eustard and T o g n e t t i ,  1969). This  densi ty-dependent  
phenomenon can i n  some i n s t a n c e s  permit  c o l l e c t i o n  of  e a r l y  n e s t s  
f o r  farm ha tch ing  without  e f f e c t  on t h e  n a t u r a l  recru i tment  r a t e .  
The d i f f i c u l t y  l i es  i n  a c c u r a t e  p r e d i c t i o n  of n e s t i n g  d e n s i t i e s  over 
f u t u r e  t i m e ,  and s t a t i s t i c a l  j u s t i f i c a t i o n  f o r  t h e  exac t  h a r v e s t  
taken.  

I n  o t h e r  a r e a s  t h e  e roding  a c t i o n  o f  changing mariric c u r r e n t  
systems and c y c l i c a l  storms may d e s t r o y  incubat ing  n e s t s  before  
development can be completed (Schulz ,  1968, 1969; P r i t c h a r d ,  1971). 
C e r t a i n  sea beaches of v o l c a n i c  o r i g i n  where n e s t s  a l l e g e d l y  have 
exceedingly low r a t e s  of  success ,  presumably due t o  s u l f u r  c o c t r n t  
of  t h e  sand o r  o t h e r  adverse chemical o r  phys ica l  f a c t o r s ,  a r e  
r e p o r t e d  on Ascension I s l a n d .  I n  s e v e r a l  t r o p i c a l  c o u n t r i e s  where 
numbers o f  sea  t u r t l e s  n e s t  on v e r y  remote beaches,  p a t r o l  and cn-  
forceinent of  p r o t e c t i v e  laws i s  v i r t u a l l y  imposs ib le ;  recru i tment  
from such beaches i s  a l l e g e d  t o  be n e a r  zero.  L t  has  been suggestcd 
t h a t  farm personnel  s t a t i o n e d  on such beaches by agrecment rrith t h e  
parent  Government could "earn" a complement of  eggs by providing 
f r e e  p a t r o l  and s imul taneous ly  o p e r a t i n g  " t r a n s p l a n t  h a t c h e r i e s "  t o  
guarantee  a n  annual  r e t u r n  t o  t h e  s e a ,  under n a t u r a l  c o n d i t i o n s ,  of  
a s i z a b l e  number of  young, 
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A second major concern regarding green sea t u r t l e  fanning i s  
t h a t  poaching pressure on wild populations might increase  due t o  
development of new markets with high p r i c e s ,  before farms a t t a i n  the  
volume production necessary t o  s a t i s f y  hnands (Carr,  1969). The 
a t tendant  recommendation i s  t h a t  t h e  necessary mar i cu l tu ra l  work go 
ahead i n  small ,  p i l o t  programs without a commercial i n t e r f a c e  u n t i l  
required techniques a r e  ava i l ab le  f o r  e f f i c i e n t ,  high volume pro- 
duction a t  low pr ices .  
of expecting any technique with p r o f i t  p o t e n t i a l  t o  develop t o  f u l l  
flower without commercial i n t e r f a c e s ,  w i l ly -n i l l y .  It does seem 
un l ike ly  t h a t  any business e n t e r p r i s e  would be ab le  t o  leap  more or 
l e s s  ins tan taneous ly  i n t o  high volurne, low-priced production of t he  
s o r t  envisioned. The r e a l i t i e s  of modern economics would seem t o  
demand t h a t  any such new indus t ry  must develop through a process of 
evolutionary growth i n  c lose  a s soc ia t ion  with t h e  dynamics of  nation- 
a l  and i n t e r n a t i o n a l  commerce. 

Doubts have been expressed a s  t o  t h e  l o g i c  

Of g r e a t e r  import, t o  my mind, i s  t h e  promise of t h e  In te rna-  
t i o n a l  Convention mentioned above and of l o c a l  laws a t  na t iona l  and 
s t a t e  l e v e l  which support t h e  f u l l  conservation impact by p roh ib i t -  
ing t r ade  i n  t u r t l e s  and t u r t l e  products from wild sources,  while 
allowing openings f o r  farm-reared products under care  fu l ly-des  igned 
r u l e s  f o r  c e r t i f i c a t i o n ,  inspec t ions ,  and con t ro l  of temporary wild 
egg c o l l e c t i o n  from "doomed" nes t s  along the  l i n e s  ou t l ined  above. 

I am motivated pr imar i ly  by des i r e s  t o  conserve and bui ld  back 
t h e  wild s tocks  of these  magnificent c r ea tu res ,  and secondar i ly  by 
i n t e r e s t  i n  developing sources of  self-renewing p r o t e i n  i n  a crowd- 
ing world. The g rea t e s t  b a r r i e r  t o  fu l f i l lmen t  of t h e  f i r s t  i s  lack  
of knowledge of sea t u r t l e  biology; I would hope t h a t  commercial 
t u r t l e  farms would cont r ibu te  s i g n i f i c a n t l y  t o  our knowledge by 
d i r e c t  a i d  and through t h e i r  incomparable f a c i l i t i e s  f o r  many types 
of  study. Less i m d i a t e ,  but more pervasive,  i s  my d e s i r e  t o  make 
it cheaper t o  farm t u r t l e s  than  t o  poach them. I can most c l e a r l y  
see t h i s  a s  coming t o  pass when sea t u r t l e s  a r e  pro tec ted  more by 
o f fe r ing  an  a t t r a c t i v e  s u b s t i t u t e  i n  consonance whith man's baser  
i n s t i n c t s  than by p roh ib i t i ons  which au tomat ica l ly  run counter t o  
h i s  e s s e n t i a l l y  adventurous, a c q u i s i t i v e  nature.  
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