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BACKGROUND 

The herbivorous Hawaiian green sea t u r t l e .  Chelonia mydas. i s  a long- 
range migrant breeder  t h a t  spends most of i ts  l i f e  fo rag ing  and r e s t i n g  i n  
nearshore benth ic  h a b i t a t .  Adult females undertake reproduct ive  migra t ions  
a t  i n t e r v a l s  of 2 o r  more years.  wh i l e  t h e  a d u l t  males o f t e n  migra te  t o  
breed on an  annual bas i s .  The c o l o n i a l  breeding s i t e  f o r  t h e  Hawaiian 
green t u r t l e  i s  French F r i g a t e  Shoals. a c l u s t e r  of sand islets i n  t h e  
Northwestern Hawaiian I s l a n d s  s i t u a t e d  at la t .  23O45'N. long. 166°10'W. t h e  
approximate midpoint of t h e  2.450 km l i n e a r  Hawaiian Archipelago. 
F r i g a t e  Shoals. a long w i t h  seve ra l  o ther  si tes i n  t h e  Northwestern Hawaiian 
Islands.  are p a r t  of t h e  Nat ional  W i l d l i f e  Refuge System adminis te red  by 
t h e  U.S. Fish  and W i l d l i f e  Service.  Tagging s t u d i e s  have shown t h a t  t u r t l e s  
nes t ing  a t  French F r i g a t e  Shoals come from numerous r e s i d e n t  fo rag ing  areas 
throughout t h e  Hawaiian Archipelago (Fig. 1) .  

French 

At least 90% of a l l  reproduct ion by green t u r t l e s  i n  t h e  Hawaiian 
I s l ands  occurs  a t  French F r i g a t e  Shoals. 
remote s i te  las ts  f o r  about 4 months (May-August) a l though many t u r t l e s .  
e s p e c i a l l y  males. depar t  f o r  t h e i r  r e s iden t  p a s t u r e s  af ter  only a month 
o r  two. Copulation. which precedes nest ing.  occurs  i n  shal low p ro tec t ed  
waters c l o s e  t o  t h e  i s le t  where t h e  female comes ashore  t o  depos i t  he r  
eggs. The females lay from one t o  s ix  egg c lu t ches  (mean 1.8) a t  11- t o  
18-day i n t e r v a l s  w i t h i n  each season. During t h e  i n t e r n e s t i n g  in t e rva l s .  
they a c t i v e l y  avoid f u r t h e r  mating a t tempts  by males, but remain i n  shallow 
water near  t h e i r  n e s t i n g  beach or, along w i t h  males. haul  ou t  t o  rest  on 
t h e  shore l ine .  Terrestrial  basking of t h i s  n a t u r e  i s  rare among sea 
t u r t l e e ,  being l i m i t e d  t o  a few popula t ions  of green t u r t l e s  found exclu- 
s i v e l y  i n  t h e  Pac i f i c ,  In  Hawaii t h i s  behavior  is r e s t r i c t e d  almost 
e n t i r e l y  t o  t h e  Northwestern Hawaiian Is lands.  It is be l i eved  t o  be 
c a r r i e d  out  f o r  thermoregulation. and also poss ib ly  f o r  p r o t e c t i o n  from t h e  
t i g e r  shark. Galeocerdo cwieri .  an  important p reda to r  of t h e  green  t u r t l e .  

The breeding  season at t h i s  

Hatchling Hawaiian green t u r t l e s  measuring 5 cm i n  carapace l eng th  
emerge from n e s t s  and e n t e r  t h e  sea a t  French F r i g a t e  Shoals between J u l y  
and October. The ha tch l ings  swim immediately away from shore  i n t o  pe l ag ic  
h a b i t a t  where they r e s i d e  f o r  a t  least 2 years .  During t h i s  oceanic  phase 
they are almost never seen. and t h e r e f o r e  are not a c c e s s i b l e  f o r  eco log ica l  
i nves t iga t ion .  Residency i s  thought t o  take p l a c e  a t  o r  near  t h e  ocean 
surface.  most l i k e l y  along d r i f t l i n e s  o r  areas where c u r r e n t s  converge. 
Avai lable  food sources  concentrated i n  t h e s e  areas c o n s i s t  of v a r i o u s  
macroplankton. A combination of ocean c u r r e n t s  and a s t r o n g  swimming 
a b i l i t y  i s  be l ieved  t o  account f o r  t h e  t u r t l e s '  eventua l  d i s p e r s a l  i n t o  
nearshore benth ic  h a b i t a t .  T u r t l e s  <35 c m  are v i r t u a l l y  never found i n  
c o a s t a l  waters of t h e  Hawaiian I s lands .  The 35 c m  s i z e  c l a s s  i s  t h e r e f o r e  
assumed t o  be t h e  minimum a t  which recrui tment  occurs  t o  nearshore h a b i t a t  
from t h e  pe l ag ic  environment. 
f o r  t h e  Hawaiian green t u r t l e  i s  shown i n  F igure  2. 

A genera l ized  l i f e  h i s t o r y  and h a b i t a t  model 

The e igh t  main and inhabi ted  i s l a n d s  c o n s i s t i n g  of H a w a i i .  Maui. 
Kahoolawe. Lanai. Molokai. Oahu. Kauai. and Niihau i n  t h e  sou theas t e rn  
segment of t h e  a rch ipe lago  (Fig, 1) account f o r  96% (1,165 km) of t h e  



2 

1,210 km c o a s t l i n e  found i n  H a w a i i .  Most Hawaiian green t u r t l e s  from 35 cm 
j u v e n i l e s  t o  mature a d u l t s  >82 cm r e s i d e  i n  the  nearshore  h a b i t a t  of t hese  
e i g h t  i s l a n d s .  Fac tors  r e spons ib l e  f o r  t h i s  d i s t r i b u t i o n  inc lude  t h e  
g r e a t e r  amount of a v a i l a b l e  h a b i t a t ,  an abundance of c e r t a i n  marine vegeta- 
t i o n  p re fe r r ed  f o r  food, and oceanic  c u r r e n t s  t h a t  appear f avorab le  i n  
t r anspor t ing  young t u r t l e s  t o  t h e  main i s l a n d s  f o r  recru i tment  i n t o  coas t a l  
h a b i t a t .  The ben th ic  h a b i t a t  surrounding t h e  main i s l a n d s  is ,  however, 
l imi t ed  i n  scope s ince  g r e a t  depths  genera l ly  occur  j u s t  a few k i lome te r s  
from shore.  

Immature Hawaiian green t u r t l e s  l i v i n g  i n  t h e  wi ld  have been found t o  

Based on 10 y e a r s  of tagging 
grow a t  a slow r a t e .  
matur i ty  (Balazs 1982; Zug and Balazs  1985). 
da ta ,  t he  t o t a l  number of a d u l t  females  nes t ing  a t  French F r i g a t e  Shoals 
has been estimated a t  approximately 750 (Wetheral l  1983). Other major 
a spec t s  of e x i s t i n g  knowledge on t h e  Hawaiian green t u r t l e  popula t ion  have 
been presented  i n  Balazs (1976, 1978, 1980b. 19831, Dizon and Balazs  
(19821, and Whittow and Balazs  (1982). Along wi th  o the r  sea t u r t l e s  under 
United S t a t e s  j u r i s d i c t i o n ,  t h e  Hawaiian green t u r t l e  i s  l i s t e d  and pto- 
t ec t ed  ( s i n c e  1978) under p rov i s ions  of t h e  U. S. Endangered Species  Act. 

From 10 t o  60 y e a r s  may be needed t o  reach sexual  

Although green t u r t l e s  only spend a small po r t ion  of t h e i r  l ives on 
land ,  most r e sea rch  worldwide has  been focused a t  t h e s e  sites. This  is due 
t o  t h e  c r i t i c a l  importance of t h e  breeding colony t o  t h e  o v e r a l l  su rv iva l  
of each populat ion,  and a l s o  the  easy access  a f forded  t o  r e l a t i v e l y  l a r g e  
numbers of nes t ing  females, eggs, and ha tch l ings  i n  t h e  terrestr ia l  
environment. Green t u r t l e s ,  l i k e  many o the r  h ighly  mobile marine animals,  
are d i f f i c u l t  t o  s tudy i n  t h e i r  underwater h a b i t a t .  Nevertheless ,  a knowl- 
edge of t h e  h a b i t a t  requirements f o r  nearshore foraging,  r e s t i n g ,  and o ther  
developmental needs is e s s e n t i a l  f o r  t h e  conservat ion and management of t h e  
species .  The necess i ty  of undertaking hab i t a t - r e l a t ed  r e sea rch  i n  r e s i d e n t  
forag ing  pas tu re s  has  been emphasized repea ted ly  dur ing  r ecen t  y e a r s  (Carr 
et al .  1978; Carr 1980; Bjorndal  1982; Carr e t  a l .  1982; Shabica 1982; 
Coston-Clements and Hoss 1983; Hopkins and Richardson 1984). 

S tud ie s  previously i n i t i a t e d  i n  t h e  main Hawaiian I s l a n d s  on green 
t u r t l e s  i n  t h e i r  nearshore h a b i t a t  have e s t a b l i s h e d  a foundat ion f o r  doing 
more ex tens ive  work a t  t h i s  l oca t ion .  Recent s t u d i e s  conducted elsewhere 
on va r ious  a s p e c t s  of green t u r t l e s  i n  t h e i r  r e s i d e n t  forag ing  p a s t u r e s  
inc lude  those  of I r e l and  (1979) ; Bj orndal  (1980, 1982, 1985) ; Mendonca 
and Ehrhart  (1982); Ehrhar t  (1983); Ogden e t  a l .  (1983); Limpus e t  a l .  
(1984) ; Frazer  and Ehrhart  (1985) ; Limpus and Reed (1985); and Ross (1985). 
I n  add i t ion ,  a comprehensive assessment of green t u r t l e  fo rag ing  h a b i t a t  
has been accomplished a t  Johnston Ato l l ,  830 km t o  t h e  southwest of t h e  
Hawaiian I s l ands  (Balazs 1985b). Along w i t h  ear l ier  forag ing  p a s t u r e  
s t u d i e s  by H i r t h  and Carr (1970) and Hi r th  e t  a l .  (19731, and t h e  works 
c i t e d  above, t h e  r e s u l t s  of t h e  present  study w i l l  serve as a model f o r  
comparative r e sea rch  and should have broad a p p l i c a t i o n  t o  a number of 
geographical ly  sepa ra t e  green t u r t l e  populat ions.  

The aim of t h e  study repor ted  he re in  w a s  t o  i d e n t i f y  and assess, 
through a series of f i e l d  surveys,  a s e l e c t  number of r e s i d e n t  forag ing  
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h a b i t a t s  s i t u a t e d  along t h e  c o a s t l i n e s  of four  (Oahu, Molokai, Maui, and 
Lanai) of t h e  main Hawaiian I s l ands .  The study s i t e s  were chosen because 
of t h e i r  i n t e r e s t i n g  o r  r e p r e s e n t a t i v e  ecology, t h e  presence of s u b s t a n t i a l  
numbers of t u r t l e s ,  and/or  t h e  h i s t o r i c a l  prominence of t h e  s i t e  as i t  
relates t o  green t u r t l e s .  

ASSESSMENT HETRODS 

F i e l d  s t u d i e s  t o t a l i n g  74 days were conducted between February and 
November 1985 t o  accomplish t h e  assessment (Table 1 ) .  
study s i t e s  focused upon were Kawela Bay on Oahu, Palaau on Molokai, and 
Kahului Bay on Maui. S e l e c t i o n  of t hese  l o c a t i o n s  r e s u l t e d  from previous 
explora tory  surveys,  as w e l l  as information obta ined  from in t e rv i ews  wi th  
fishermen and o the r  l o c a l  r e s i d e n t s  i n d i c a t i n g  h igh  concent ra t ions  of 
t u r t l e s .  The presence of t u r t l e s  i n  prominent numbers was used a s  an 
i n d i c a t o r  t h a t  t h e  h a b i t a t  f u l f i l l e d  the  animals  forag ing  and r e s t i n g  
requirements.  
chosen f o r  l ess  i n t e n s e  a p p r a i s a l .  A l l  12 of t h e s e  areas were deemed t o  be 
of s p e c i a l  i n t e r e s t  or p o t e n t i a l  importance t o  t h e  overall popula t ion  of 
t h e  Hawaiian green t u r t l e .  
i n  t h e  main Hawaiian I s l ands ,  no tab ly  the  N a  P a l i  Coast of Kauai, and Puna- 
luu, Kaalualu,  and Kiholo on t h e  I s l and  of H a w a i i .  However, except  f o r  t h e  
s t u d i e s  previously mentioned (Balazs  1976, 1980b. 19821, more comprehensive 
i n v e s t i g a t i o n s  must await t h e  a v a i l a b i l i t y  of s u f f i c i e n t  resources .  

The t h r e e  p r i n c i p a l  

An a d d i t i o n a l  n ine  o ther  si tes,  l i s t e d  i n  Teble 1, were 

Other s i tes  of s i g n i f i c a n c e  are known t o  exist  

Underwater Surveys 

Underwater surveys w i t h  scuba and by s k i n  d i v i n g  were made t o  examine 
A key foraging  and r e s t i n g  p l a c e s  and t o  ga ther  r e l w a n t  eco log ica l  da ta .  

4.5 m Zodiac wi th  an outboard motor was used i n  t h i s  work as needed. The 
Zodiac t h a t  was a v a i l a b l e  f o r  work on Maui and a t  Keomuku, Lanai  was 
equipped wi th  an e l e c t r o n i c  depth f inde r .  

%o or t h ree  d ive r s  working w i t h i n  v i s u a l  range of one ano the r  syste- 
ma t i ca l ly  covered as much underwater h a b i t a t  as p o s s i b l e  w i t h i n  t h e  a l l o t t e d  
time. With t h e  except ion of Kahului Bay where b r i e f  s k i n  d i v i n g  occurred a t  
n igh t ,  a l l  d iv ing  surveys took p l ace  during t h e  daytime. The use  of scuba 
t o  search  f o r  t u r t l e s  a t  n i g h t  i n  r e s t i n g  h a b i t a t  would undoubtedly have 
r e s u l t e d  i n  g r e a t e r  numbers being loca ted  a t  c e r t a i n  sites. T u r t l e s  are  
less  a p t  t o  f l e e  from an  approaching d iver  a t  n igh t .  
of underwater d ive  l i g h t s  can temporar i ly  b l i n d  or d i s o r i e n t  t u r t l e s  making 
them easier t o  capture.  
considered f e a s i b l e  or  s a f e  for most of t he  s tudy s i tes  examined. 

I n  a d d i t i o n ,  t h e  use 

Nevertheless ,  t h e  n ight t ime use of scuba w a s  not  

T e r r e s t r i a l  Surveys 

Terrestrial surveys were conducted along c o a s t l i n e s  t o  observe forag- 
i n g  t u r t l e s  and c h a r a c t e r i s t i c s  of t h e  nearshore  and i n t e r t i d a l  h a b i t a t .  
Observations were o f t en  c a r r i e d  out  during morning t w i l i g h t ,  a known a c t i v e  
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feeding  per iod  f o r  t h e  Hawaiian green  t u r t l e .  A t  Kahului Bay, t u r t l e s  
a t t r a c t e d  f o r  thermoregulat ion t o  t h e  warmwater d ischarge  from a power 
p l a n t  were censused from shore as  they p e r i o d i c a l l y  sur faced  t o  breathe.  

Capture Efforts 

T u r t l e s  were sampled a l i v e  and unharmed by means of (1) large-mesh 
t ang le  n e t s ,  (2) a bul lpen n e t ,  and (3) scuba and s k i n  d iv ing  t o  f a c i l i t a t e  
capture  by hand. 
employed t o  study and t a g  green t u r t l e s  i n  c o a s t a l  waters of t h e  Hawaiian 
I s lands .  

A l l  t h r e e  of t h e s e  methods have been s u c c e s s f u l l y  

Large-mesh t a n g l e  n e t s  were used t o  ca t ch  t u r t l e s  a t  Kawela Bay and 
Kahului Bay. 
a s t r e t c h e d  diagonal  mesh of 46 cm (23 cm2 mesh) and depths  ranging 
from 1.5 t o  3.5 m. 
n e t s  were set a t  t h e  su r face  extending v e r t i c a l l y  through t h e  water  column. 
They were deployed c lose  t u  shore  (<lo0 m) us ing  a l a r g e  inne r  tube  with a 
plywood bottom. 
s p o t l i g h t  (a t  n igh t )  every 20-30 min to see i f  t u r t l e s  had been caught. 
Entangled t u r t l e s  were removed from t h e  n e t  as soon as poss ib l e  and brought 
t o  shore i n  t h e  i n n e r  tube.  

These n e t s  were cons t ruc ted  of 2-mm diameter nylon twine wi th  

The l e n g t h  of t h e  n e t s  ranged from 20 t o  60 m. The 

The n e t s  were checked from l and  w i t h  b inocu la r s  and a 

A l a r g e  bul lpen  n e t  awned by a commercial f isherman was used t o  sample 
t u r t l e s  a t  Palaau. 
severa l  decades ago from the  Ph i l ipp ines  where i t  is c a l l e d  "baklad." A t  
p resent  on ly  two bul lpens  a r e  known t o  be i n  use i n  the Hawaiian I s lands .  
Both are on Molokai where t h e  wide shallow reef  f l a t  a long  t h e  southern 
shore makes t h e i r  u se  f e a s i b l e .  

This method of f i s h i n g  was in t roduced  t o  Mo;okai 

The bul lpen  cons i s t ed  of fou r  p ieces  of n e t  set from a s p e c i a l l y  
designed 6.5 m boat .  
d i v e r t  t u r t l e s  (and f i s h )  swimming along t h e  reef  f l a t  i n t o  an enc losure  
where they were unable t o  escape. 
a guide, set perpendicular  t o  shore,  t h a t  prevented t h e  t u r t l e s  from moving 
p a r a l l e l  t o  t h e  sho re l ine .  
tu rned  seaward and followed t h e  guide i n t o  another  s e c t i o n  of n e t  200 m 
l ong  set i n  a c i r c l e .  
a t  4 5 O  ang le s  t o  t h e  guide a t  t h e  poin t  where i t  f ed  i n t o  t h e  c i r c u l a r  
enclosure.  
t u r t l e s  i n t o  t h e  enc losure  and prevent  escape once in s ide .  
webbing used i n  t h e  four  p i eces  of n e t  had a s t r e t c h e d  mesh of 5-7 cm. The 
depth of each n e t  w a s  4 m, but  they  were set i n  water ranging from only 0.5 
t o  3 m deep. Once captured,  t u r t l e s  w e r e  removed from t h e  enc losure  by 
grabbing them as they h i t  t h e  n e t  t r y i n g  t o  escape, and by s e i n i n g  t h e  
enc losure  during t h e  course of l and ing  t h e  commercially sought f i s h .  

The p i eces  were deployed i n  a manner t o  b lock  off  and 

One sec t ion  of n e t  250 m long served 88 

When t h i s  b a r r i e r  w a s  encountered, t h e  t u r t l e s  

"bo o the r  100 m p ieces  of n e t  w e r e  each pos i t ioned  

These wing n e t s  c r ea t ed  a funnel ing  e f f e c t  t o  h e l p  l e a d  the 
The nylon 

The tagging of t u r t l e s  caught i n c i d e n t a l l y  dur ing  bul lpen  n e t t i n g  on 
Molokai i s  an  ongoing a c t i v i t y  i n  cooperat ion w i t h  commercial f isherman 
Edward Medeiros and S t a t e  of H a w a i i  Aquatic B i o l o g i s t  W i l l i a m  Puleloa.  
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Tagging and Biometrics 

T u r t l e s  were tagged f o r  long-term i d e n t i f i c a t i o n  w i t h  numbered and 
addressed Inconel '  alloy t ags ,  s i z e  681, custom made by the  Nat ional  Band 
and Tag Company of Newport, Kentucky. Balazs  (1980b. 1982, 1983) descr ibed 
t h e  h i s t o r y  of t hese  t a g s  used i n  H a w a i i  and t h e i r  s u p e r i o r  cor ros ion  
r e s i s t a n c e  i n  c o n t r a s t  t o  ones made of Monel a l loy .  The t a g s  measure 
25 x 9 x 8 mm, weigh 3.5 g, and are se l f -p i e rc ing  and se l f - locking .  
manufacturer 's  a p p l i c a t o r  w a s  modif ied s l i g h t l y  t o  l e s s e n  damage t o  t i s s u e  
around t h e  tagging s i te  (Balazs and Gi lmar t in  1985). Depending on t h e  
t u r t l e ' s  s i ze ,  from one t o  t h r e e  t a g s  were app l i ed  t o  o f f s e t  t a g  l o s s .  
Tagging sites were the  t r a i l i n g  edges of t he  f r o n t  f l i p p e r s  and, when appro- 
p r i a t e ,  along the  i n s i d e  t r a i l i n g  edge of a hind f l i p p e r  w e l l  under the  
carapace. 

The 

Biometrics recorded on each t u r t l e  cons i s t ed  o f :  s t r a i g h t - l i n e  and 
curved carapace l e n g t h  from the  c e n t e r  of t h e  p recen t r a l  s c u t e  t o  the  
p o s t e r i o r  t i p  of a pos t cen t r a l  s c u t e ;  s t r a i g h t - l i n e  carapace l eng th  
from the  center  of t h e  p recen t r a l  t o  t he  notch between t h e  pos t cen t r a l s ;  
s t r a i g h t - l i n e  and curved carapace width a t  t h e  wides t  po in t  ( t h e  s i x t h  
marginal scu te)  ; s t r a i g h t - l i n e  p l a s t r o n  l e n g t h  along t h e  midl ine;  s t r a i g h t -  
l i n e  head width a t  the  wides t  p o i n t ;  t a i l  l eng th  from the  p o s t e r i o r  r i g i d  
edge of t he  p l a s t r o n  t o  t h e  t i p  of t h e  t a i l ;  and s t r a i g h t - l i n e  f l i p p e r  
width from t h e  claw s c a l e  t o  t h e  s i x t h  scale on t h e  t r a i l i n g  edge. 
weight was a l s o  recorded on a small number of t u r t l e s .  

Body 

The s t r a i g h t - l i n e  carapace l e n g t h  taken t o  t h e  p o s t e r i o r  t i p  of a 
pos t cen t r a l  s c u t e  i s  the  s tandard measurement used throughout t h i s  r epor t ,  
un le s s  otherwise s t a t e d .  

Food Sources and Epizoites 

Food sources  were determined by sampling t h e  t u r t l e s '  stomachs w i t h  a 
p l a s t i c  tube i n s e r t e d  through t h e  esophagus. 
p ressure  w i t h  a garden hose o r  enema bag t o  gen t ly  f l u s h  out  food p a r t i c l e s .  
I n  add i t ion ,  unswalluwed p a r t i c l e s  of food were removed from t h e  mouth f o r  
i d e n t i f i c a t i o n .  F i e ld  techniques f o r  sampling d i e t a r y  con ten t s  i n  t u r t l e s  
are discussed i n  d e t a i l  in Balazs (1980a) and Legler  (1977). Observat ions 
made of t u r t l e s  feeding  a t  s p e c i f i c  s i tes  a l s o  permit ted the  d i r e c t  col lec-  
t i o n  of forage during underwater surveys.  

Water w a s  introduced a t  l o w  

Food items were preserved i n  d i l u t e  Formalin and i d e n t i f i e d  t o  t h e  
lowest taxon poss ib le .  Frozen bulk  samples c o l l e c t e d  from fo rag ing  h a b i t a t  
i n  Kahului Bay were biochemically analyzed t o  determine major n u t r i e n t s  and 
mineral  composition. 

Ep izo i t e s  found on t h e  s k i n  and hard s u r f a c e s  of t u r t l e s  w e r e  sampled, 
preserved i n  d i l u t e  Formalin. and i d e n t i f i e d  t o  t h e  lowest taxon possible .  

'Reference t o  t r a d e  names does n o t  imply endorsement by t h e  National 
Marine F i s h e r i e s  Service,  N O M .  



6 

Deep-Body Temperatures 

A telethermometer manufactured by Y e l l o w  Spr ings  Instrument Company 
(Model 46 TUC) equipped w i t h  a the rmis to r  probe (No. 401) was used t o  
measure t h e  deep-body temperatures  of several t u r t l e s  a t  Kawela Bay and 
Kahului Bay. The probe was i n s e r t e d  through t h e  c loaca  u n t i l  i t s  t i p  
w a s  es t imated t o  l i e  w i t h i n  t h e  l a r g e  i n t e s t i n e .  
c a l  t o  t h e  one followed by Whittaw and Balazs  (1982). 
recorded immediately a f te r  t h e  t u r t l e s  were captured  and brought t o  
shore. 

Th i s  method i s  i d e n t i -  
Temperatures were 

Blood Sampling and Bone Biops ies  

Blood sampling followed t h e  methods descr ibed  by Bent ly  and Dunbar- 
Cooper (1980) and Owens and Ruiz (1980). A needle  and vacuum c o l l e c t i o n  
tube  were used t o  draw blood from t h e  pa rave r t eb ra l  s i n u s  on e i t h e r  s i d e  
of t h e  midl ine of t h e  do r sa l  neck sur face .  Serum samples from immature 
t u r t l e s  were f rozen  f o r  f u t u r e  a n a l y s i s  of t e s t o s t e r o n e  levels t o  de te r -  
mine sex. Whole blood samples were f rozen  f o r  f u t u r e  a n a l y s i s  of gene t i c  
information using s p e c i f i c  enzyme s t a i n s  on i soe lec t ro focused  ge l s .  

Electro-Inmobilization 

The physical  mwement of t h e  t u r t l e s  w a s  e f f e c t i v e l y  c o n t r o l l e d  on 
l and  wh i l e  c o l l e c t i n g  d a t a  by us ing  a po r t ab le  electro-immobilizer.  Feenix 
S t o c k s t i l l  Mark I (Feenix I n t e r n a t i o n a l  Ltd.. Lake Wylie. South Carol ina) .  
Electro- leads were c l ipped  t o  t h e  ingu ina l  region of a h ind  f l i p p e r  and t o  
t h e  a x i a l  po r t ion  of a f r o n t  f l i p p e r  on t h e  oppos i te  s ide .  
appl ied  f i r s t  a t  t h e s e  s i tes  provided i d e a l  contac t  p o i n t s  t o  a t t a c h  t h e  
leads .  Immobilization and t h e  t u r t l e ' s  recovery of normal movements were 
immediate when t h e  u n i t  w a s  tu rned  on and o f f .  Immobilization r e s u l t s  from 
minute e lectr ical  pu l ses  which a f f e c t  t h e  nemous system causing s k e l e t a l  
muscles t o  con t r ac t  and pa in  t o  be  blocked out.  A similar device c a l l e d  
TENS (Transcutaneous Electr ical  N e r v e  S t imula t ion)  i s  used on humans t o  
relieve chronic  pa in  and r ep lace  i n j e c t a b l e  a n e s t h e t i c s .  
s t i l l  u n i t  i s  powered by a 6-V a l k a l i n e  dry c e l l  b a t t e r y  g iv ing  a m a x i m u m  
cu r ren t  of 240 mA a t  55 V. A s e t t i n g  of 60-120 mA would usua l ly  e l imina te  
a l l  s t ruggl ing ,  bu t  s t i l l  allow normal r e s p i r a t i o n  and movement of t h e  
t u r t l e ' s  head and neck. 
l ives tock .  bu t  w a s  t e s t e d  success fu l ly  by Wood and Wood (1983) as a method 
of s u r g i c a l  anes thes i a  f o r  c a p t i v e  green t u r t l e s .  The p resen t  s tudy  
appears  t o  be t h e  f i r s t  i n  which t h e  u n i t  has  been r o u t i n e l y  used t o  
r e s t r a i n  wild-captured t u r t l e s  t o  f a c i l i t a t e  d a t a  c o l l e c t i o n  and l e s s e n  
i n j u r y  t o  t h e  r e sea rche r  and t h e  t u r t l e .  

Metal t a g s  

The Feenix Stock- 

The u n i t  i s  manufactured f o r  use on l a r g e  domestic 
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FINDIES AT PRINCIPAL STUDY SITES 

Kawela B a y .  Oahu 

Physiography 

Kawela i s  a small shallow bay covering approximately 20 ha (50 ac re s )  
l oca t ed  a t  l a t .  21°24'N, long. 1 5 8 O O l ' W  on Oahu's northwest shore  (Fig. 3 ) .  
It i s  t h e  only n a t u r a l l y  s h e l t e r e d  body of water on t h i s  exposed windward 
coas t l i ne .  
a long t h e  bay 's  innermost shore. 
s i d e  of t h e  bay c o n s i s t  of e l eva ted  l imestone rock 1-2 m i n  he ight .  
maximum depth i n  t h e  bay is  only 3 m a t  high t i d e .  
east and west margins are <0.5 m deep, and some bottom areas become f u l l y  
exposed. 
and boulders ,  f i n e  sand and s i l t ,  co ra l  rubble,  and l i v e  c o r a l s .  Aecos 
(19811, Oceanit  Labora tor ies  (1985). and Clark (1977) provide f u r t h e r  in for -  
mation on many a spec t s  of t he  submerged and terrestr ia l  c h a r a c t e r i s t i c s  of 
t he  bay. 

A f ine-grained ca lcareous  sand beach ex tends  f o r  about  900 m 
I n  con t r a s t ,  t h e  seaward edges on each 

The 
However, a t  l o w  t i d e  t h e  

The reef bottom of t h e  bay is a mixture of l imestone outcroppings 

A s i g n i f i c a n t  f e a t u r e  of Kawela Bay i s  t h e  presence of a f reshwater  
Fresh sp r ing  and pond (Punaula Pond) near  t he  w e s t  shore  (Taylor 1936). 

water pe rco la t e s  through t h e  ground i n t o  t h e  bay a long  t h i s  s h o r e l i n e  and 
poss ib ly  elsewhere. Fresh water a l s o  d ischarges  a t  several po in t  sources  
w i t h i n  t h e  bay j u s t  a s h o r t  d i s t a n c e  from shore. 
may provide e leva ted  levels of c e r t a i n  n u t r i e n t s  t h a t  are b e n e f i c i a l  t o  
a l g a l  growth (Johannes 1980). 

Groundwater of t h i s  na tu re  

The e n t i r e  s h o r e l i n e  of Kawela present ly  c o n s i s t s  of small r u r a l  dwell- 
ings  in t e r spe r sed  w i t h  ironwood t rees  (Casuarina sp.) and coconut palms. 
Very l i t t l e  i l l umina t ion  o r i g i n a t e s  from these  houses a t  night .  
t h e  e a s t e r n  h a l f  of t he  bay i s  scheduled f o r  major r e s o r t  development i n  t h e  
near  fu ture .  Similar  p lans  e x i s t  f o r  t h e  ad jacen t  c o a s t l i n e  extending from 
Kawela t o  t h e  l a r g e  h o t e l  ( T u r t l e  Bay Hil ton)  which now exists about  3 km t o  
t h e  no r theas t  on Kuilima Point  (Yoneyama 1985). The exposed c o a s t a l  inden- 
t a t i o n  immediately t o  t h e  no r theas t  of Kawela Bay i s  known as "Tur t l e  Bay." 
This  place-name appears  t o  be of r e l a t i v e l y  recent  o r i g i n  and appa ren t ly  not  
of h i s t o r i c a l  Hawaiian d e r i v a t i o n  (Coulter  1935; Pukui e t  a l .  1976). 

However, 

Ecological Aspects of the Turtles Captured 

Net t ing  e f f o r t s  a t  Kawela Bay r e s u l t e d  i n  36 cap tu res  (Tables 1.2). 
One t u r t l e  was recaptured once and another  recaptured  twice  dur ing  subse- 
quent n e t t i n g  e f f o r t s .  
during scuba surveys i n  deep water immediately o u t s i d e  of t h e  bay. 
fou r  i nd iv idua l s  were t h e r e f o r e  examined and tagged a t  t h i s  l oca t ion .  
n e t t i n g  w a s  conducted f o r  two consecut ive days and n i g h t s  (26-28 March 
19851, no r epea t  cap tures  r e su l t ed .  Several  o the r  t u r t l e s  a r e  known t o  have 
become b r i e f l y  entangled i n  t h e  n e t ,  but they escaped be fo re  i t  w a s  poss ib l e  
t o  retrieve them. 

In  add i t ion ,  a s i n g l e  t u r t l e  was caught by hand 
Thir ty-  . 

When 
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All of t h e  t u r t l e s  were caught on t h e  west s i d e  of t h e  bay a t  a loca-  
t i o n  where s u f f i c i e n t  water depth and bottom s u b s t r a t e  made it p o s s i b l e  t o  
s a f e l y  and properly s e t  the '  large-mesh t a n g l e  ne t s .  

A l l  of t h e  t u r t l e s  were caught a t  n ight  when they came i n t o  t h e  bay t o  
feed  or, i n  a few cases, w i th in  2 h a f t e r  s u n r i s e  o r  j u s t  be fo re  sunset .  
On t h e  second sampling v i s i t  undertaken on 8-9 Apr i l  1985, a s h o r t  s e c t i o n  
of ne t  w a s  set on t h e  bay ' s  east s ide .  Shallow water condi t ions,  combined 
w i t h  numerous l imestone outcropping i n  t h e  area, caused t h i s  a t tempt  t o  be 
abandoned without  t u r t l e s  being captured. Fur ther  n e t t i n g  was t h e r e f o r e  
confined t o  t h e  west s i d e  where condi t ions  w e r e  amenable t o  t h e  sampling 
procedure. 

The ca t ch  r a t e s  ( n e t t i n g  e f f i c i e n c y )  a t  Kawela were high, as was 
expected based on p r i o r  in te rv iews  wi th  r e s i d e n t s  and f i r s t -hand  s i g h t i n g s  
of t u r t l e s  from shore. Overall,  only 108 meter-hours (m-h) of n e t t i n g  
e f f o r t  w a s  expended f o r  each t u r t l e  captured (Table 2). 
k inds  of b i o l o g i c a l  samples c o l l e c t e d  from t u r t l e s  a t  Kawela, as w e l l  as t h e  
o the r  s tudy a reas  examined, a r e  shown i n  Table 3. 

The numbers and 

P a r t i t i o n i n g  of t he  34 t u r t l e s  i n t o  10-cm s i z e  classes by s t r a i g h t  
carapace l e n g t h  (Tables 4.5) gave t h e  fol lowing popula t ion  s t r u c t u r e :  
35-45 cm = 21%; 45-55 cm = 21%; 55-65 cm = 21%; 65-75 cm = 35%; and 
75-85 cm = 3%. 
t h e r e f o r e  none were of an a d u l t  s i z e  (>82 cm) . 
measurements, a long wi th  t h e  i d e n t i f i c a t i o n  numbers of t h e  f l i p p e r  t a g s  
used, a l s o  appear i n  Tables 4 and 5. 
f o r  a random sample of s ix  tur t les  are given i n  Table  6. 

The l a r g e s t  t u r t l e  captured a t  Kawela was 75.1 cm, 
Comprehensive body 

The carapace l e n g t h s  and body weights 

Taxonomic i d e n t i f i c a t i o n  of t h e  stomach con ten t s  sampled from 12 
t u r t l e s  a t  Kawela revealed t h a t  t h e  red alga, Acanthophora s p i c i f e r a ,  is a 
prominent source of food (Table 7 ) .  Ten of t h e  1 2  samples (83%) cons is ted  
of 99% o r  more 8. s p i c i f e r a .  It  i s  s i g n i f i c a n t  t o  no te  t h a t  t h i s  a l g a  was 
acc iden ta l ly  introduced i n t o  Hawaiian waters, probably from t h e  wes tern  
P a c i f i c  on t h e  bottom of a barge i n  1950 (Doty l % l ) .  Acanthophora is  now 
knuwn t o  occur on a t  least s ix  of t h e  main Hawaiian I s l a n d s  (Oahu, Kauai, 
Molokai, Lanai, Maui, Hawaii). MaGruder and Hunt (1979) s ta te  t h a t  i ts  
in t roduc t ion  "...has d isp laced  many of t h e  a l g a l  s p e c i e s  prev ious ly  inhab- 
i t i n g  Hawaiian reef  f l a t s . "  However, t h i s  con jec tu re  is not  supported by 
comprehensive s t u d i e s  conducted by Russe l l  (1981). 

Algae prominent i n  t h e  stomach samples from t h e  two o the r  t u r t l e s  
shown i n  Table 7 included Amansia glomerata and Codium edu le  (from t a g  No. 
8489) and Laurencia  mariannensis (from t a g  No. 8493). Th i s  is t h e  f i r s t  
record of t. mariannensis being e a t e n  by a green t u r t l e  i n  t h e  Hawaiian 
Islands. 

An a n a l y s i s  of t h e  complete stomach contents  remwed from a 55.5 cm 
t u r t l e  t h a t  died a t  Kawela Bay on 28  March 1985 revea led  mostly Ulva r e t i cu -  - l a t a  and P te roc lad ia  c a p i l l a c e a  (Table  8 ) .  
were also i d e n t i f i e d  i n  trace o r  very  small q u a n t i t i e s .  
small b lack  c o l l o i d a l  sponge, Chondrosia chucal la ,  w a s  p resent  i n  low numbers. 

Fourteen o t h e r  spec ie s  of a lgae  
In addi t ion ,  t h e  
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Algae r egu la r ly  found growing on t h e  s k i n  and hard s u r f a c e s  of t h e  
t u r t l e s  caught a t  K a w e l a  were i d e n t i f i e d  as Sphacelar ia  t r i b u l o i d e s  and 
Polysiphonia tsudana (Table 9 ) .  
commonly occurred on the  carapace of some of t h e  t u r t l e s .  
small and harmless s k i n  barnacle ,  P la ty lepas  hexastylos ,  w a s  f r equen t ly  
seen  on t h e  neck and p e l v i c  area. 

Melobesia, an enc rus t ing  r ed  a l g a ,  a l s o  
I n  add i t ion ,  t he  

Six of t h e  3 4  t u r t l e s  captured (18%) d isp layed  some evidence of exter-  
n a l  i n j u r y  o r  abnormality (Table 10) .  ?tu0 of t h e s e  ( t a g  No. 8505 and 8809) 
were sugges t ive  of previous shark a t t ack .  Another appeared t o  involve  t h e  
e a r l y  growth s t a g e s  of tumors ( f ibropapi l lomas)  a s soc ia t ed  wi th  t h e  eyes. 
Balazs  (1986a) g ives  an overview of the  inc reas ing  incidence of tumors i n  
Hawaiian green t u r t l e s .  Another abnormality noted a t  Kawela was t h e  passage 
through t h e  gut of s y n t h e t i c  f i s h i n g  l i n e  (Table 10). It is  not  uncommon 
f o r  sea t u r t l e s  t o  inges t  p l a s t i c  d e b r i s  of t h i s  nature .  
s e r i o u s  adverse e f f e c t s  such as i n t e s t i n a l  blockage can r e s u l t  (Balazs  
1 9 8 5 ~ ) .  However, i n  t he  present  i nc iden t  t h e  l i n e  w a s  e l imina ted  w i t h  no 
apparent d i f f i c u l t y .  

In  some cases, 

The t u r t l e  found dead i n  Kawela Bay on the  morning of 28 March 1985 
w a s  apparent ly  too  weak t o  rise t o  the  su r face  t o  b rea the  a f t e r  being 
caught i n  t h e  n e t ,  The t u r t l e  was comatose on t h e  bottom a t  low t i d e  i n  
water c0.5 m deep. Attempts t o  r ev ive  it were unsuccessful.  a l though 
i n i t i a l l y  the re  were some encouraging s i g n s  of l i f e  i n  response t o  a r t i f i -  
c i a l  v e n t i l a t i o n  of t he  lungs  (Balazs 1986b). Freshly preserved t i s s u e  
from the  lungs,  l iver ,  i n t e s t i n e s ,  and kidney were h i s t o l o g i c a l l y  examined 
by a pa thologis t .  This a n a l y s i s  (Table 11) suggested t h a t  d e b i l i t a t i o n  of 
t h e  t u r t l e  had r e s u l t e d  from card iovascular  f l uke  i n f e c t i o n  (Digenea: 
Spirochidae) .  The most ex tens ive  t i s s u e  damage was found i n  the  lungs and 
small i n t e s t i n e .  The e x t e n t  of such i n f e c t i o n  i n  Hawaiian t u r t l e s ,  and t h e  
in te rmedia te  h o s t  involved i n  t ransmiss ion  (presumably an i t e m  i n  the  
t u r t l e s '  d i e t ) ,  remain unknown. Severe cases  of pa ras i t i sm by f l u k e s  have 
been documented i n  c e r t a i n  o ther  sea t u r t l e  populat ions (Wolke and Brooks 
1982; Rand and Wiles 1985). 

The two t u r t l e s  recaptured a t  Kawela on 3 J u l y  1985 (measuring 64.0 
and 54.4 cm) exh ib i t ed  a mean growth rate of 0.11 c m  per  month a f t e r  having 
been tagged here  3 months earlier (Table 12) .  A t  t h i s  rate,  a 35 cm 
j u v e n i l e  e s t a b l i s h i n g  residency a t  Kawela from p e l a g i c  h a b i t a t  could 
r e q u i r e  36 yea r s  t o  reach t h e  minimum a d u l t  s i z e  of 82 cm. 

The deep-body temperatures of t h e  t u r t l e s  recorded a t  Kawela decreased 
w i t h  the  approach of low t i d e  and t h e  concomitant increased  in f luence  of 
co ld  water  from t h e  sp r ing  (Table 13). 
t h i s  same a rea  a t  h igh  t i d e  during la te  June and e a r l y  J u l y  ranged from 
26.5O t o  27OC. A t  low t i d e ,  between 0530 and 0700. t h e  ambient tempera- 
t u r e s  were 23O-24OC. 
d i r e c t l y  r e l a t e d  t o  the  t i d a l  s t a g e  and t h e  l eng th  of time t h e  t u r t l e s  
spent  foraging i n  t h e  area before  capture .  
f a c t o r ,  s i n c e  smaller t u r t l e s  would be expected t o  cool f a s t e r .  The 
lowest deep-body temperature  of a t u r t l e  recorded a t  K a w e l a  w a s  24.8OC. 
and t h e  h ighes t  was 26.7OC (Table 13) .  

The ambient ocean temperatures i n  

The cool ing e f f e c t  on t h e  t u r t l e s  w a s  t h e r e f o r e  

Body s i z e  would a l s o  be a 
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Foraging Habitat Appraisal  

Surveys accomplished from shore  and underwater i n  conjunct ion wi th  
t h e  n e t t i n g  demonstrated t h a t  s i g n i f i c a n t  forag ing  h a b i t a t  a t  K a w e l a  occurs  
pr imar i ly  a long t h e  e a s t  and west s ides  of t he  bay. Benthic a lgae  promi- 
nent  i n  t h e s e  r e l a t i v e l y  shallow a r e a s  cons i s t  of 4. s p i c i f e r a  and l. 
r e t i c u l a t a ,  The former occurs  on hard bottom s u b s t r a t e ,  inc luding  co ra l  
rubble ,  and t h e  l a t t e r  i s  t y p i c a l l y  found here  growing i n  t h e  A c a n t h c ,  
tangled w i t h i n  i t s  branches.  Amansia and P te roc lad ia  a l s o  occur i n  t h e  
high d e n s i t y  fo rag ing  zones along each s i d e  of t h e  bay. However, t hese  
a lgae  are much less abundant, and t h e  l a t t e r  i s  mainly confined t o  l i m e -  
s t one  rocks t h a t  are p a r t i a l l y  exposed a t  the  lower t ides .  A small b iva lve  
mollusk, Isognomon ca l i forn icum,  a l s o  grows on some of t hese  rocks ,  bu t  was 
not  found among t h e  stomach con ten t s  examined. Numerous o ther  s p e c i e s  of 
a lgae  occur i n  t h e  bay, as  r e f l e c t e d  i n  p a r t  by Tables 7 and 8. However, 
they only account f o r  minor d i e t a r y  components, i n  con t r a s t  t o  t h e  major 
ones prev ious ly  mentioned. Nevertheless ,  t hese  a l g a e  may poss ib ly  play an 
important r o l e  i n  supplying c e r t a i n  e s s e n t i a l  trace n u t r i e n t s  t h a t  are 
d e f i c i e n t  i n  the  o the r  spec ie s .  
t h e  bay, such as Dic tyota  b a r t a y r e s i i ,  and - U. f a s c i a t a ,  but  were absent  i n  
the  stomach con ten t s  examined. On several occasions,  d r i f t s  of a l g a e  were 
blown or washed ashore  a long  t h e  i n n e r  sand beach, e s p e c i a l l y  a t  t h e  east 
and west corners  of t he  bay. Some of t h i s  d r i f t  material, notably Sargas- 
- sum polyphyllum and Turb ina r i a  o rna ta ,  was der ived p r i n c i p a l l y  from areas 
ou t s ide  of t he  bay. Fecal  p e l l e t s  from the  t u r t l e s  were a l s o  found washed 
ashore.  

A number of o the r  a lgae  were present  i n  

The frequency of t u r t l e s  s igh ted  from shore was cons i s t en t  w i t h  the  
temporal forag ing  p a t t e r n  a s c e r t a i n e d  from n e t  captures .  That i s ,  when i t  
w a s  deep enough, t u r t l e s  en te red  t h e  bay a t  evening t w i l i g h t  or dur ing  t h e  
n ight t ime and remained a c t i v e  usua l ly  u n t i l  s h o r t l y  a f t e r  sunr i se .  The 
g r e a t e s t  a c t i v i t y  was c o n s i s t e n t l y  seen a t  morning t w i l i g h t ,  a l though t h i s  
i s  somewhat b iased  because t u r t l e s  su r fac ing  t o  b rea the  were usua l ly  not 
v i s i b l e  a t  n igh t  except  when a b r i g h t  moon ex i s t ed .  The g r e a t e s t  numbers 
seen from shore  were on t h e  mornings of 18 October and 20 November 1985 
(Table 1) when an es t imated  15-20 t u r t l e s  were p resen t  a t  one time on t h e  
bay 's  east s ide .  Some were w i t h i n  only 3 m of t h e  sand beach and were 
l i k e l y  feeding  on detached particles of a lgae  accumulated along t h i s  zone. 
No t u r t l e s  were ever  seen i n  the  bay during t h e  middle of t he  day, e i t h e r  
from shore  or during d i v i n g  surveys.  

During t h e  e a r l y  morning pe r iods  of foraging,  few t u r t l e s  were seen 
us ing  t h e  c e n t r a l  s e c t i o n  of t h e  bay. When t u r t l e s  were observed here ,  
they  appeared t o  be l e a v i n g  t h e  bay, poss ib ly  t ak ing  advantage of t h e  
deeper sand channel l o c a t e d  i n  t h i s  area. The p r o s t r a t e  green a l g a ,  Codium 
arabicum, occurs  on hard s u b s t r a t e  i n  t h i s  deeper c e n t r a l  region of t h e  
bay. This spec ie s  (a long w i t h  C. edule)  i s  highly favored as a food source 
by green t u r t l e s  a t  c e r t a i n  o t h e r  c o a s t a l  pas tu re s  i n  H a w a i i .  A t  Kawela 
t h e  use of Codium appears  t o  be minor, based on t h e  stomach samples obtained. 

All observa t iona l  surveys  a t  Kawela l i s t e d  i n  Table 1 included per iods  
of time spen t  looking  f o r  t u r t l e s  forag ing  i n  nearshore  waters a t  t h e  adja-  
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cent  southern end of T u r t l e  Bay. None were s igh ted  along here ,  except f o r  
a s i n g l e  45-55 cm j u v e n i l e  seen 18 October 1985 s u r f a c i n g  f o r  a b r i e f  t i m e  
20-30 m from shore.  Algae used as food, such as t h e  ones seen i n  abundance 
i n  Kawela Bay, were not  found i n  T u r t l e  Bay during s h o r e l i n e  and d iv ing  
surveys. Furthermore, un l ike  K a w e l a  Bay, information gathered dur ing  
in te rv iews  w i t h  l o c a l  r e s i d e n t s  i nd ica t ed  t h a t  T u r t l e  Bay was no t  an  area 
where t u r t l e s  had been f i s h e d  dur ing  pas t  years .  
been occas iona l ly  caught and k i l l e d  i n  g i l l  n e t s  s e t  f o r  f i s h  and l o b s t e r  
i n  T u r t l e  Bay. During p a s t  y e a r s  t h i s  i s  s a i d  t o  have been a somewhat 
common source of m o r t a l i t y  f o r  t u r t l e s  a t  Kawela Bay. 

However, t u r t l e s  have 

The nor thern  po r t ion  of T u r t l e  Bay i n  t h e  v i c i n i t y  of t he  e x i s t i n g  
h o t e l  was no t  included i n  t h e  p re sen t  study. Some t u r t l e s  are r epor t ed ly  
s igh ted  t h e r e ,  but  not i n  abundance. 

Resting Habitat Appraisal 

Hawaiian green t u r t l e s  r e s i d i n g  i n  benth ic  h a b i t a t s  appear t o  spend 
most of t h e i r  time a l t e r n a t i n g  between per iods  of active fo rag ing  and 
quiescence.  The rest per iods  are spent  on t h e  bottom, usua l ly  i n  small 
s h e l t e r  caves o r  near  p r o t e c t i v e  outcroppings t h a t  are o f t e n  a s s o c i a t e d  
wi th  submarine c l i f f s .  A t  Hawaiian c o a s t a l  areas examined dur ing  previous 
s tud ie s ,  r e s t i n g  h a b i t a t  has  been found i n  proximity to t h e  fo rag ing  s i te ,  
usua l ly  w i t h i n  only 2 km o r  less of each o ther .  
around much of t h e  c o a s t l i n e  of t h e  main Hawaiian I s l ands ,  beyond which 
g r e a t  depths  occur  very rap id ly .  
t h e  18-27 m (10-15 fathom) depth curve, and i t  i s  he re  where t u r t l e s  o f t e n  
go t o  rest. 

An underwater bench e x i s t s  

This  d i s c r e t e  drop-off u sua l ly  de f ines  

Other h a b i t a t s  u t i l i z e d  f o r  r e s t i n g  c o n s i s t  of ver t ical  h o l e s  and 
c rev ices  (known l o c a l l y  as "potholes") and v e r t i c a l - w a l l e d  channels  w i th in  
t h e  r ee f  f l a t .  These s i t e s  are c l o s e r  t o  shore and normally are not  deeper 
than  8 m. Smaller t u r t l e s  i n  p a r t i c u l a r  are apparent ly  able t o  f i n d  s u f f i -  
c i e n t  s h e l t e r  a t  t h e s e  sites, even when l a r g e  waves and s t r o n g  c u r r e n t s  
e x i s t .  The l a r g e r  t u r t l e s ,  however. shuw a preference  f o r  r e s t i n g  i n  the  
deeper w a t e r  a long t h e  drop-off. 
w i t h i n  t h e  r ee f  f l a t  are more l i a b l e  t o  i n t r u s i o n  by humans, hence t h e  
g r e a t e r  l i k e l i h o o d  of t u r t l e s  be ing  d is turbed ,  d i sp laced ,  and s u c c e s s f u l l y  
hunted. 
i n t o  r e s t i n g  h a b i t a t  a long  t h e  drop-off. 

Because they are shal lower,  r e s t i n g  areas 

Scuba gear  i s  almost always necessary f o r  d i r e c t  human i n t r u s i o n  

A common f e a t u r e  of r e s t i n g  h a b i t a t  i n  H a w a i i  i s  f ine-gra ined  sand 
o r  powdery s i l t  a t  the  s i te  where t h e  t u r t l e s  se t t le  t o  rest. The s i z e  of 
t hese  s o f t  sandy s i tes  can vary  considerably,  ranging from a small accumu- 
l a t i o n  no l a r g e r  than  t h e  t u r t l e  i t s e l f ,  t o  t h e  broad expanse sometimes 
present  a long the  base of a drop-off. 

During per iods  of rest, t u r t l e s  can s t a y  submerged f o r  long  per iods  
before  coming up t o  breathe.  
equipped wi th  s m a l l  r a d i o  t r a n s m i t t e r s  were found t o  have bottom t i m e s  of 
up t o  2-1/2 h (Dizon and Balazs  1982 and unpublished da ta ) .  

Adult t u r t l e s  a t  French F r i g a t e  Shoals  
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Surveys a t  K a w e l a  i n d i c a t e d  t h a t  t u r t l e s  do not  normally use  t h e  bay 
f o r  r e s t i n g  purposes. w e n  though it is reasonably we l l  s h e l t e r e d  aga ins t  
l a r g e  no r the r ly  w i n t e r  s u r f  and p r e v a i l i n g  onshore winds. 
almost exc lus ive ly  as a fo rag ing  pasture ,  w i t h  t u r t l e s  r e s i d e n t  t o  t h e  area 
commuting t o  r e s t i n g  areas i n  nearby h a b i t a t .  It i s  unc lear  why t u r t l e s  do 
not rest w i t h i n  K a w e l a  Bay. 
depth. t h e  absence of s i g n i f i c a n t  bottom r e l i e f .  and an excess ive  l e v e l  of 
human i n t r u s i o n  (i.e.,  boating, water  recrea t ion .  f i s h i n g  a c t i v i t i e s )  f o r  
such a small body of water. 

The bay i s  used 

Poss ib l e  f a c t o r s  might be  an i n s u f f i c i e n t  

V i s u a l  searches  using a Zodiac i n  combination wi th  scuba surveys made 
during two s tudy v i s i t s  (14 and 25 June 1985) found t u r t l e s  a t  a drop-off 
800-900 m d i r e c t l y  ou t s ide  of t h e  bay. Along he re  t h e  r e l a t i v e l y  fea ture-  
l e s s  Gea f l o o r  abrupt ly  changes from about % t o  24 m deep. 
were observed f l o a t i n g  a t  t h e  surface.  and t h r e e  were seen  underwater. 
Tracking t h e  drop-off i n  a wes te r ly  d i r e c t i o n  d i d  not r e s u l t  i n  a d d i t i o n a l  
s igh t ings .  However. when it  was followed t o  t h e  east. t h e  c l i f f  curved 
toward shore  i n t o  T u r t l e  Bay. where it became l e s s  pronounced and much 
shallower (11-14 m). J u s t  before  e n t e r i n g  T u r t l e  Bay during t h e  scuba 
survey. a 42.5 cm t u r t l e  was hand captured a f t e r  i t  was seen  r e s t i n g  on a 
ledge  12 m deep. Five t u r t l e s  were s p o t t e d  a t  t h e  su r face  i n s i d e  T u r t l e  
Bay. bu t  only one was seen whi le  searching  underwater. The poor v i s i b i l i t y  
due t o  f i n e  suspended p a r t i c l e s  may have been r e spons ib l e  f o r  t h i s  low 
count. Under t u r b i d  condi t ions  t u r t l e s  can apparent ly  s e e  o r  h e a r  an 
approaching scuba d i v e r  and o f t e n  f l e e  long  be fo re  coming i n t o  t h e  d i v e r ' s  
f i e l d  of v i s ion .  

Four t u r t l e s  

Fewer t u r t l e s  were encountered i n  t y p i c a l  o f f shore  r e s t i n g  h a b i t a t  
t han  might be expected. cons ider ing  t h e  number captured  and c o n s i s t e n t l y  
s igh ted  i n s i d e  of Kawela Bay. The l i m i t e d  a v a i l a b l e  t i m e  spent  scuba 
diving (7.5 man-hours, Table 1) undoubtedly con t r ibu ted  t o  t h e s e  f ind ings .  
Never the~ess .  some general  conclusions are  p o s s i b l e  based on t h e  e x i s t i n g  
information. During a l l  times of t h e  year. t u r t l e s  t h a t  fo rage  w i t h i n  
Kawela are l i k e l y  t o  rest i n  deeper water and s h e l t e r  found along t h e  drop- 
o f f .  However. when l a r g e  no r the r ly  su r f  subs ides  during t h e  summer months. 
calmer cond i t ions  i n  T u r t l e  Bay make it p o s s i b l e  f o r  t u r t l e s  t o  rest there .  
Since t h e  t u r t l e s  are known t o  feed  a t  night.  r e s t i n g  must mainly occur 
during t h e  daytime. However. s i n c e  ind iv idua l  t u r t l e s  are not l i k e l y  t o  
forage  on consecut ive nights.  they must sometimes rest a t  night.  e spec ia l ly  
during noc turna l  l o w  t i d e s .  

Palaau. Holokai 

Physiography 

Palaau i s  a r e l a t i v e l y  remote and uninhabi ted c o a s t a l  area of Molokai. 
l oca t ed  at approximately l a t .  21°06'N. long. 157O07 'W along t h e  c e n t r a l  
po r t ion  of t h e  i s l a n d ' s  southern  shore  (Pig. 4 ) .  A l a r g e  but  very shallow 
f r i n g i n g  reef  bo rde r s  t h e  e n t i r e  reg ion  extending seaward f o r  a d i s t ance  of 
1.0 t o  1.5 km. Beyond t h e  o u t e r  reef  edge. where b reake r s  occur. t h e  
bottom descends r ap id ly  i n t o  t h e  Kalohi Channel s epa ra t ing  Molokai from 
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Lanai by only 20 km. Within 500 m of shore the  bottom a t  Palaau c o n s i s t s  
of s o f t  mud, calcareous rock and rubble  w i t h  many areas exposed a t  low 
t i d e .  
composite of co ra l  g rave l  and f i n e  te r r igenous  si1 t i n t e r s p e r s e d  wi th  l i v e  
c o r a l  heads. The sedimentat ion from c o a s t a l  s o i l  runoff dominates a l l  
areas of t he  Palaau reef  f l a t .  The incoming t i d e  and wind-driven waves 
quick ly  stir up t h e  bottom producing murky cond i t ions  w i t h  l i t t l e  o r  no 
v i s i b i l i t y ,  except a long t h e  seaward edge of t h e  r e e f .  

Far ther  o u t  t h e  depths  r a r e l y  exceed 3 m and the  bottom t u r n s  i n t o  a 

A v e r y  narrow and unmarked channel 4 m deep l e a d s  from the  open ocean 
through t h e  breakers  i n t o  t h e  Palaau reef f l a t .  A wooden shack b u i l t  on 
p i l i n g s  several decades ago i s  l o c a t e d  c l o s e  t o  sho re  i n  t h e  channel area. 
A t  one time t u r t l e s  were he ld  alive i n  pens under t h i s  shack be fo re  being 
butchered. 

Thick s tands  of t h e  red  mangrove, Rhizophora mangle, cover much of t he  
This s p e c i e s  was i n t e n t i o n a l l y  

It was i n i t i a l l y  
Palaau s h o r e l i n e  and i n t e r t i d a l  r e e f  f la t .  
introduced t o  t h e  Hawaiian I s l a n d s  from F lo r ida  i n  1902. 
p lan ted  on Molokai i n  an  at tempt  t o  r e t a i n  s o i l  a long  t h e  i s l a n d ' s  eroded 
southern s lopes  (Wester 1981). Due t o  encroachment by mangroves, many of 
t h e  abandoned anc ien t  Hawaiian f ishponds along t h i s  shore,  i nc lud ing  t h e  
ones a t  Palaau, have r ap id ly  d e t e r i o r a t e d  (Summers 1964, 1971). 

Behind the  mangroves and a long  o ther  s e c t i o n s  of t h e  Palaau shore l ine  
t h e  a r i d  t e r r a i n  c o n s i s t s  mainly of thorny kiawe trees,  Prosopus sp., and 
s a l t  f l a t s  covered w i t h  pickleweed, Batis maritima. The l and  h e r e  i s  used 
pr imar i ly  f o r  c a t t l e  ranching. However, i n l and  t h e r e  i s  a l s o  an ag r i cu l -  
t u r a l  p l o t  p lan ted  i n  corn, and an experimental  shrimp farm us ing  seawater 
pumped up i n t o  ponds from a well. 

Human i n t r u s i o n  i n t o  t h e  Palaau reef  f l a t  is  cons t r a ined  by a number 
of f a c t o r s ,  inc luding  dense s h o r e l i n e  mangroves, a dangerous ocean channel, 
an  unimproved road sometimes r e q u i r i n g  a four-wheel d r i v e  v e h i c l e ,  and 
s i l t - l a d e n  water cond i t ions  t h a t  are unappealing t o  most d ivers .  Neverthe- 
less, r e l a t i v e l y  easy access i s  p o s s i b l e  from t h e  Kaunakakai p i e r  and 
harbor loca t ed  j u s t  8 km t o  t h e  east of Palaau (Fig.  4). From he re ,  a 
small boat  w i th  a shallow d r a f t  can be motored d i r e c t l y  over t h e  r ee f  f l a t  
i n s i d e  t h e  breakers a t  high t i d e .  The use of g i l l  n e t s  a t  Palaau commonly 
occurs  by t h i s  rou te  i n  what appears  t o  be a very  product ive area f o r  f i n  
f i s h .  
grounds for f i s h  and crustaceans.  
areas on t h e  marine ecosystem and f i s h e r i e s  i n  H a w a i i ,  such as a t  Palaau, 
are i n  need of f u r t h e r  i n v e s t i g a t i o n .  

Wester (1981) noted t h e  importance of mangrove swamps as nursery  
The e f f e c t s  of e s t a b l i s h e d  mangrove 

Ecological Aspects of the  Turtles Captured 

Bullpen n e t t i n g  a t  s i x  s e p a r a t e  s i tes  a t  Palaau over 4 days i n  Apr i l  
and 4 days i n  J u l y  1985 r e s u l t e d  i n  135 cap tu res  (Tables 1 and 14: Fig. 4). 
Six t u r t l e s  were captured  twice dur ing  t h i s  per iod,  and f i v e  o t h e r s  were 
r ecove r i e s  of t u r t l e s  tagged earlier a t  Palaau dur ing  an ongoing coopera- 
t ive  p r o j e c t  wi th  t h e  same commercial fisherman. In add i t ion ,  fou r  t u r t l e s  
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were caught by hand whi le  s k i n  diving. 
v idua l  t u r t l e s  were t h e r e f o r e  examined a t  t h i s  s tudy  area. 

One hundred and t h i r t y - t h r e e  ind i -  

When the  n e t  w a s  l e f t  a t  t h e  same s i t e  f o r  two consecut ive days and 
n i g h t s  on two sepa ra t e  occas ions  (Fig. 4, si te  B, 23-25 March; and s i t e  E, 
16-18 June) ,  only a s i n g l e  t u r t l e  w a s  recaptured from the  previous  day 's  
f i sh ing .  
occasions,  from 470 t o  750 m-h pe r  t u r t l e ,  and from 500 t o  1,050 m-h per  
t u r t l e  (Table 14) .  Overa l l ,  680 m-h of n e t t i n g  e f f o r t  was expended f o r  
each t u r t l e  captured a t  Palaau. 
a t  Kawela Bay (108 m-h p e r  t u r t l e ) .  
may not  be e n t i r e l y  comparable. 
themselves i n t o  an enc losure ,  whereas w i t h  t a n g l e  n e t s  they become snar led  
i n  the  n e t  i t s e l f .  It i s  not known i f  one method i s  more e f f i c i e n t  than 
t h e  o ther .  Under c e r t a i n  cond i t ions ,  some t u r t l e s  are capable  of evading 
o r  escaping from both k inds  of ne t .  
comparative study of t h e  two n e t t i n g  techniques,  s i n c e  t h e  use of la rge-  
mesh t ang le  n e t s  a t  Palaau is impeded by f o u l i n g  from sha rks  and rays.  

The ca tch  rates, however, dropped on t h e  second day on both 

This  rate is cons iderably  higher  than  t h a t  
However, t h e  two n e t t i n g  techniques  

I n  the  case of t h e  bul lpen,  t u r t l e s  herd 

A t  p resent  i t  i s  not  f e a s i b l e  t o  do a 

Each of t h e  s i x  n e t t i n g  sites (A through F shown i n  Fig. 4) were 
s i t u a t e d  i n  a l i n e  along t h e  Palaau reef  f l a t  s epa ra t ed  by d i s t a n c e s  of 
700-1,000 m. The g r e a t e s t  number of t u r t l e s  caught i n  a s i n g l e  overn ight  
f i s h i n g  cyc le  (usua l ly  18-21 h) was 39 a t  si te F. 
w a s  a t  s i t e  C, probably because t h e  n e t  w a s  f a r t h e r  from shore a t  t h i s  
l o c a t i o n  and set  i n  deeper water (3 m). A t  t h e  o t h e r  f i s h i n g  si tes,  the  
c i r c u l a r  enclosure of t h e  n e t  was usua l ly  i n  water not  more than waist deep 
(1 m o r  l e s s ) .  

The fewest cap tured  (3) 

A l l  personnel vacated t h e  n e t t i n g  s i t e  u n t i l  t h e  fol lowing morning 
once t h e  p i eces  of n e t  had been s e t  out properly.  Deployment usua l ly  
requi red  1-2 h. It w a s  n o t  p o s s i b l e  t o  watch t h e  n e t  cont inuously t o  
determine when t u r t l e s  were e n t e r i n g  it. 
shore,  covered t o o  l a r g e  a n  area, and t h e  water w a s  u sua l ly  t o o  cloudy t o  
make observat ions.  At Palaau, u n l i k e  Kawela Bay, some t u r t l e s  were s igh ted  
forag ing  i n  t h e  daytime c l o s e  t o  shore (<500 m) du r ing  per iods  of incoming 
high t i d e s .  Captures i n  t h e  bul lpen,  t he re fo re ,  l i k e l y  occurred d iu rna l ly ,  
as w e l l  as a t  n igh t  when most of t h e  t u r t l e s  (and f i s h )  are be l ieved  t o  
e n t e r  t h e  shallows t o  feed  dur ing  a r i s i n g  t i de .  

The n e t  w a s  l oca t ed  t o o  f a r  from 

P a r t i t i o n i n g  of t h e  133 t u r t l e s  by 10 cm s i z e  classes gave t h e  
fo l lowing  populat ion s t r u c t u r e :  35-45 cm = 21%; 45-55 cm = 29%; 55-65 cm = 
27%; 65-75 cm = 19%. and 75-85 cm = 5%. The l a r g e s t  t u r t l e  captured  i n  
t h i s  s tudy area w a s  79.4 cm. Although now r e l a t i v e l y  rare, l a r g e r  t u r t l e s  
have been captured a t  o t h e r  times during bul lpen n e t t i n g  a t  Palaau. 
example, on 10 May 1984 two t u r t l e s  found i n  t h e  enc losure  by t h e  commer- 
c i a l  fisherman were r epor t ed  t o  be "too la rge"  t o  handle  and tag.  Instead,  
they w e r e  r e l eased  by l i f t i n g  up a s e c t i o n  of t h e  ne t .  I n  t h e  p a s t ,  25 o r  
more y e a r s  ago, it w a s  r e p o r t e d l y  not unusual f o r  t u r t l e s  >90 cm and >125 
kg t o  be caught by bul lpen  n e t  a t  Palaau. 

For 

Comprehensive body measurements, inc luding  t h e  i d e n t i f i c a t i o n  numbers 
of t h e  f l i p p e r  rags  used a t  Palaau, appear i n  Tables  15 and 16. The l i n e a r  
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r e l a t i o n s h i p  of t h e  s t r a i g h t  and curved carapace l e n g t h  f o r  a composite of 
163 t u r t l e s  sampled from Palaau and Kawela Bay is i l l u s t r a t e d  i n  Figure 5 .  

It h a s  been suggested t h a t  t h e  r a t i o  of t h e  curved and s t r a i g h t  width 
of t he  carapace may serve  as a use fu l  index of body th i ckness  i n  green 
t u r t l e s  ( B a l m s  1980b). The carapace i n  c e r t a i n  popula t ions ,  i nc lud ing  
H a w a i i ,  appears  t o  have a more domed shape, hence a t h i c k e r  o r  deeper body. 
However, accu ra t e  comparisons have not  been c a r r i e d  out .  In  t h e  index 
method proposed, a higher  r a t i o  would i n d i c a t e  a p ropor t iona te ly  t h i c k e r  
body. 
t h e  r a t i o  of t h e  curved and s t r a i g h t  width f o r  162 t u r t l e s  from Palaau 
and Kawela Bay. It i s  apparent  t h a t  t h e  r a t i o  does no t  remain cons tan t ,  
bu t  r a t h e r  becomes g r e a t e r  as carapace l e n g t h  inc reases .  T u r t l e s  l a r g e r  
than  about 65 cm appear more l i k e l y  t o  have a propor t iona te ly  t h i c k e r  body. 

F igure  6 d i sp lays  t h e  r e l a t i o n s h i p  of s t r a i g h t  carapace l e n g t h  and 

l b o  techniques were used i n  t h i s  study t o  measure s t r a i g h t  carapace 
length.  As mentioned ear l ier ,  t h e  s tandard  method w a s  t aken  from t h e  
p recen t r a l  s c u t e  t o  the  p o s t e r i o r  t i p  of a p o s t c e n t r a l  scu te .  "he second 
method, recorded f o r  comparison, w a s  taken from t h e  p r e c e n t r a l  s c u t e  t o  t h e  
V-shaped notch formed where t h e  two pos tcen t r a l  s c u t e s  j o i n .  This  l a t t e r  
method a lone  has  sometimes been used by o the r  r e sea rche r s ,  so it  is 
worthwhile t o  know the  r e l a t i o n s h i p  of t h e  two measurements. F igure  7 
provides such an i l l u s t r a t i o n ,  w i th  t h e  "notch" l e n g t h  expressed on t h e  Y- 
a x i s  as a percentage of t h e  s tandard  length.  Some t u r t l e s  i n  t h e  smallest 
a v a i l a b l e  s i z e  class (35-45 cm) show g r e a t e r  v a r i a b i l i t y  than  l a r g e r  
t u r t l e s  (>45 cm). 
p o s t c e n t r a l  and marginal s c u t e s  t h a t  are o f t e n  p resen t  on small Hawaiian 
green t u r t l e s  newly r e c r u i t e d  from pe lag ic  h a b i t a t .  
t o  diminish r ap id ly  wi th  residency i n  ben th ic  h a b i t a t s .  
carapace growth, as w e l l  as ab ras ion  from phys ica l  con tac t  w i t h  c o a s t a l  
s u b s t r a t e ,  are undoubtedly responsible .  It i s  suggested from t h e s e  data 
(Fig. 7) and o t h e r  f i e l d  observa t ions  t h a t  a t u r t l e  under 45 cm w i t h  a 
notch l e n g t h  t h a t  i s  (99% of i t s  s tandard  l eng th  i s  l i k e l y  t o  be a very new 
a r r i v a l  t o  ben th ic  h a b i t a t .  

This can be a t t r i b u t e d  t o  t h e  more h ighly  s e r r a t e d  

These s e r r a t i o n s  seem 
Changes i n  

A composite of 20 t u r t l e s  from Palaau and Kawela Bay t h a t  were weighed 
(Table 6) are i l l u s t r a t e d  i n  F igure  8 as a func t ion  of t h e i r  carapace 
length.  

The i d e n t i f i c a t i o n  of  stomach contents  c o l l e c t e d  from 21 t u r t l e s  a t  
Palaau ranging i n  size from 39 t o  71  cm revealed t h a t  Acantho hora  
s p i c i f e r a  w a s  aga in  t h e  dominant food source (Table 17-a was 
found i n  13 of t h e  t u r t l e s  (62%), and comprised from 20 t o  99% of each 
sample volume. I n  f i v e  of t h e  t u r t l e s ,  it made up 90% o r  more of t h e  
sample. 
Acanthophora. Furthermore, no preferences  f o r  any of t h e  o the r  food 
sources  w e r e  ev ident  based on size. 

A l l  s i z e  classes were represented  among t h e  t u r t l e s  t h a t  f e d  on 

Amansia Rlomerata and Spyr id ia  f i lamentosa ( a l s o  r e d  a lgae )  were 
i d e n t i f i e d  as  food i t e m s  next  i n  order  of prominence a f t e r  Acanthophora. 
Each of t hese  food i t e m s  w a s  found i n  6 (29%) of t h e  21 t u r t l e s  comprising 
sample volumes of 15% o r  g rea t e r .  Three t u r t l e s  t h a t  had been feeding  on 
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Amansia, and f i v e  t h a t  had been f eed ing  on Spyr id ia ,  had a l s o  e a t e n  Acan- 
thophora. However, Amansia and Spyr id ia  were not  found toge the r  i n  any of 
t h e  stomach samples. 

Other noteworthy a l g a e  inc lude :  Hypnea c e r v i c o r n i s  and H. n i d i f i c a  - 
fou r  t u r t l e s  w i th  sample volumes of 10-50%; Laurencia  n i d i f i c a  - one t u r t l e  
comprising 20% of the  sample volume; Turb inar ia  o r n a t a  - one t u r t l e  
comprising 40% of t h e  sample volume; and Chondrococcus hornemanni - two 
t u r t l e s  comprising 30 and 90% of t h e  sample volumes (Table  17) .  
l a t t e r  s p e c i e s  i s  of s p e c i a l  i n t e r e s t  because of c e r t a i n  t o x i c  compounds i t  
is be l ieved  t o  contain.  In  previous s t u d i e s  Chrondrococcus has  only r a r e l y  
been found as  a food i t e m  of t h e  green t u r t l e ,  and then only as a trace 
component. 

This 

Three (14%) of the  21 t u r t l e s  sampled had been feeding  on Halophi la  
hawaiiana (sample volumes of 2,  50, and 75%).  Halophi la  i s  t h e  only sea- 
g ras s  (marine angiosperm) t h a t  occurs  i n  t h e  Hawaiian I s lands .  I t  has  
small mal blades,  1-3 cm long, and usua l ly  grows i n  l o w  dens i ty  meadows i n  
shallow p ro tec t ed  waters. In  many o the r  green t u r t l e  popula t ions ,  sea- 
g ras ses  ( i . e . ,  Thalass ia  testudium) i n s t e a d  of a l g a e  form t h e  major con- 
s t i t u e n t  of t h e  t u r t l e ' s  herbivorous d i e t  (Hi r th  1971; Mortimer 1981; 
B j  orndal 1985). 

The amphipod Hyachelia t o r t u g a e  w a s  found a l ive  i n  8 (38%) of t h e  21 
stomach samples (Table 17). This  highly s p e c i a l i z e d  c rus tacean  r e s i d e s  i n  
t h e  t u r t l e ' s  buccal cav i ty  where i t  feeds  on food res idue .  It w a s  f i r s t  
descr ibed from green t u r t l e s  i n  t h e  Galapagos I s l a n d s  (Barnard 1967). The 
amphipods obtained a t  Palaau were appa ren t ly  dis lodged and f lu shed  out 
during t h e  stomach sampling procedure. 

Algae were commonly found growing on t h e  e x t e r n a l  s u r f a c e s  of t u r t l e s  
a t  Palaau (Table 9 ) .  I n  add i t ion ,  s k i n  ba rnac le s ,  P l a ty l epas  hexas ty los ,  
and pa tches  of enc rus t ing  Melobsia were commonly seen. Melobsia w a s  a l s o  
growing on t h e  metal t a g s  of recaptured  t u r t l e s .  I n  one in s t ance ,  t h i s  a lga  
was present  i n  small patches a f t e r  an i n t e r v a l  of only 8 days i n  t h e  wi ld  
( t a g  No. 8847). 

F i f t e e n  of t h e  133 t u r t l e s  examined (11%) showed evidence of i n j u r y  
o r  o ther  abnormali ty  (Table 18).  A t  least six of t h e s e  (4.5%) were 
bel ieved t o  have r e s u l t e d  from shark  a t t a c k ,  and two o t h e r s  (1.5%) had 
puncture wounds almost c e r t a i n l y  caused by spear  o r  harpoon. 
sharks  are  known t o  t r a n s i t  t h e  Palaau r e e f  f l a t ,  undoubtedly i n  p a r t  t o  
prey on t u r t l e s .  I n  r ecen t  y e a r s  two such sharks  >3 m have been caught i n  
t h e  bul lpen enclosure,  bu t  an examination of t h e i r  stomach con ten t s  was not  
poss ib le .  It should be noted t h a t  t i g e r  sha rks  of t h i s  s i z e  are a b l e  t o  
swallow whole t u r t l e s  of up t o  a t  least  50 cm (20 kg) .  The d e n t i t i o n  of 
t h e  t i g e r  shark allows l a r g e r  t u r t l e s  t o  be cu t  up f o r  i nges t ion  by a very 
e f f e c t i v e  sawing mechanism involv ing  both of t h e  shark '  8 j a w s .  

Large t i g e r  

None of t h e  133 t u r t l e s  captured  had f ibropapi l lomas .  However, on 
16 October 1985 a 7&cm t u r t l e  tagged a t  Palaau by W i l l i a m  Puleloa w a s  
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repor ted  t o  be severe ly  a f f l i c t e d  w i t h  t h e s e  growths. This  i s  t h e  f i r s t  
such case t o  be documented f o r  t h e  I s l and  of Molokai. 

Seven tagged t u r t l e s  recaptured  a t  Palaau a f t e r  i n t e r v a l s  of 3-32 
months provided information on rates of growth (Table  19). The mean 
growth rate was 0.15 c m  per  month o r  27 y e a r s  t o  reach a d u l t  size. 
i s  about 25% f a s t e r  than t h e  growth estimate obtained a t  Kawela Bay. 
More da t a  are needed a t  both sites t o  determine i f  Palaau i s  indeed a 
b e t t e r  forag ing  pas tu re  than  K a w e l a  i n  t h i s  respec t .  

This  

Table 20 provides  informat ion  on t h e  homing behavior and s i t e  
f i d e l i t y  of 10 t u r t l e s  captured  a t  Palaau t h a t  were e i t h e r  r e l eased  t h e r e  
or a t  o t h e r  l o c a t i o n s  along Molokai's south shore.  
t ive  work wi th  the  commercial fisherman, t h e  release of t u r t l e s  elsewhere 
has  sometimes been necessary because t i d e  and weather  condi t ions  prevented 
s t ay ing  a t  Palaau long enough t o  do t h e  tagging  and measuring. A l l  t u r t l e s  
were r e l eased  t h e  same day they were captured. lbo  t u r t l e s  r e l eased  8 km 
away a t  t h e  Kaunakakai p i e r  were recaptured  back a t  Palaau a f t e r  only 10 and 
15 days .  Another t u r t l e  t h a t  was r e l eased  a t  Kawela (Molokai), 17 lun t o  the  
east of Palaau, was recaptured  a t  Palaau 15 months later. Six o t h e r  t u r t l e s  
l i s t e d  i n  Table 20 were recaptured  a t  Palaau a f t e r  having been caught and 
r e l eased  t h e r e  3 t o  3 2  months earlier. The apparent  movement of one t u r t l e  
away from Palaau was a l s o  documented. A 58-cm animal ( t a g  No. 8634) or ig i -  
n a l l y  tagged on 24 April  1985 w a s  r epor t ed  caught i n  a f isherman's  n e t  a t  
Kawela (Molokai) 2 months la ter .  The t u r t l e  was r e l eased  t h e r e  i n  good 
condi t ion.  

During p a s t  coopera- 

Foraging Habitat Appraisal 

Sign i f i can t  forag ing  h a b i t a t  f o r  t u r t l e s  was found a l l  a long  t h e  
Palaau c o a s t l i n e  i n  shallow nearshore  waters where t h e  i d e n t i f i e d  major 
food sources  of Acanthophora and Spyr id ia  are c o n s i s t e n t l y  p re sen t  i n  
abundance. Hypnea, which seems t o  be a less p r e f e r r e d  d i e t a r y  i t e m .  a l s o  
occurs  h e r e  i n  abundance. A l l  of t hese  a l g a e  grow on hard-bottom su r faces  
and co ra l  rubble  heavi ly  fouled  w i t h  silt  and i n t e r s p e r s e d  wi th  s o f t  mud. 
The extreme t u r b i d i t y  of t h i s  nearshore  fo rag ing  zone, which extends f o r  
up t o  500 m from land,  makes v i s u a l  obsenra t ions  of t h e  h a b i t a t  nea r ly  
impossible.  The only except ion i s  during pe r iods  of low t i d e  when por- 
t i o n s  of t h e  s u b s t r a t e  and marine v e g e t a t i o n  are l e f t  exposed. 

Other a lgae  t h a t  a re  prominent i n  t h i s  area, and dependent upon hard 
bottom f o r  attachment,  i nc lude  Laurencia  n i d i f i c a ,  Sargassum polyphyllum, 
Dictyota  spp., and Lyngbya maiucula. In  add i t ion ,  t h e  ex tens ive  .mud 
f l a t s  w i t h i n  t h i s  shallow foraging  zone commonly con ta in  p a s t u r e s  of 
Halophila hawaiiana, as w e l l  as Caulerpa s e r t u l a r i o i d e s ,  a green a l g a  not  
found i n  any of t h e  stomach samples. These two p l a n t s  are he ld  i n  p lace  
by a network of r o o t s  o r  r h i z o i d s  anchored i n  t h e  mud. A t  many sites, 
Halophila has been ab le  t o  r e t a i n  and s t a b i l i z e  small mounds of sand and 
s i l t  1-3 m i n  diameter,  thereby causing a denser  meadow. I n  add i t ion ,  
t h e  d i s t r i b u t i o n  of Halophi la  o f t e n  extends seaward beyond t h e  mud f l a t s  
i n t o  depths  of 1-1.5 m where l i v e  c o r a l  heads s t a r t  t o  occur and t h e  
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bottom changes i n t o  a mixture  of c o r a l  gravel  and s i l t .  
forage  on Halophila undoubtedly u t i l i z e  t h i s  expanded area. 
Acanthophora, Spyridia ,  and Hypnea are almost t o t a l l y  absen t  here .  

T u r t l e s  t h a t  
However. 

Amansia, which w a s  equa l  i n  prominence t o  Spyr id ia  i n  t h e  stomach 
samples, was only in f r equen t ly  encountered during d iv ing  surveys of t h e  
reef  f l a t .  
forag ing  zone. Instead,  l i m i t e d  q u a n t i t i e s  of Amansia grow f a r t h e r  from 
shore near  t he  breakers  i n  t h e  shaded c rev ices  of c o r a l  heads. Amansia 
may very  w e l l  grow i n  g r e a t e r  abundance beyond the  breakers ,  on t h e  ou te r  
edge of t h e  reef s lope ,  where surveys  were not conducted due t o  s a f e t y  
cons idera t ions .  Asparagopsis t ax i fo rmis  and Galaxaura rugosa are two 
highly v i s i b l e  a l g a e  t h a t  OCCUK very  commonly a long  t h e  seaward reg ion  of 
t h e  reef f la t .  However. n e i t h e r  spec ie s  was i d e n t i f i e d  from stomach 
samples, even i n  t r a c e  amounts, so they are presumably not  ea t en  by t h e  
t u r t l e s .  Asparagopsis (l imu kohu),  which i s  ea t en  by c e r t a i n  e t h n i c  
groups i n  t h e  Hawaiian I s l ands ,  is known t o  con ta in  mutagenic and l i k e l y  
carcinogenic  compounds (Mower 1983).  

This  a l g a  appears  t o  be absent  or rare i n  t h e  nearshore 

During t imes of calm sunny weather  and l o w  t i d e s ,  t h e  shallow waters 
a t  Palaau hea t  up s u b s t a n t i a l l y  from s o l a r  r ad ia t ion .  Temperatures 
recorded i n  t h e  bul lpen enc losu re  a t  1 m depth dur ing  t h e s e  warmer 
per iods  ranged from 28O t o  29OC. Comprehensive thermal p r o f i l e s  were not  
undertaken, bu t  i n  c e r t a i n  very  shallow areas c l o s e  t o  shore  t h e  water 
and underlying mud temperature was > 3 l o C .  The ben th ic  a l g a e  and 
Halophila are apparent ly  a b l e  t o  t o l e r a t e  these  extremes. Seawater 
temperatures averaged 2S0-260C a t  t h e  n e t  enc losure  during normal t rade-  
wind condi t ions.  

Small seeps of brackish  water can be seen a t  l o w  t i d e  along p o r t i o n s  
of the  c o a s t l i n e ,  but  not  i n  s u f f i c i e n t  volume t o  cool t h e  nearshore 
waters. In  t h e  p a s t  century,  be fo re  t h e  depos i t i on  of s i l t  from eros ion ,  
a l a r g e  freshwater  spr ing  flowed i n t o  the  sea a t  Palaau (Summers 1971). 
K i a w e  trees may have a l s o  con t r ibu ted  t o  t h e  d r a s t i c  reduct ion  of t h i s  
spr ing.  
t h a t  is, it robs  moisture  from t h e  s o i l  and may e l imina te  o r  reduce t h e  
flow of water from nearby spr ings .  

According t o  Apple and Kikuchi (1975). kiawe i s  a phreatophyte,  

K i a w e  was in t roduc ted  t o  t h e  Hawaiian 
. I s l ands  i n  1828, and it  h a s  spread  rapi'dly s ince  1900. 

Recent work by Thayer e t  a l .  (1982) i n  t h e  Caribbean i n d i c a t e s  t h a t  
green t u r t l e s ,  as herb ivores ,  are l i k e l y  t o  play a s i g n i f i c a n t  r o l e  i n  
n u t r i e n t  cyc l ing  by reducing t h e  decomposition time of marine v e g e t a t i o n  
used as  forage.  This "shor t -c i rcu i t ing"  of t h e  d e t r i t u s  cyc le  r e p r e s e n t s  
a p o t e n t i a l l y  important b e n e f i c i a l  l i n k  between t h e  abundance of t u r t l e s  
i n  nearshore h a b i t a t  and enrichment of t h e  marine ecosystem. Consider- 
a b l e  fecal material is undoubtedly r e l eased  i n t o  shallow ree f  f l a t s  where 
t u r t l e s  aggregate  t o  feed,  such as a t  Palaau and K a w e l a  Bay on Oahu. The 
a c t u a l  level and r o l e  of t h e s e  f e r t i l i z e r s  need t o  be determined. 
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Res t ing  Habitat Appraisal 

Diving surveys covering t h e  Palaau reef  f l a t  (Table  1 )  determined 
t h a t  many t u r t l e s  rest a t  the  base of c o r a l  heads and i n  c rev ices ,  holes.  
and sand channels 2-5 m deep a s h o r t  d i s t ance  i n s i d e  t h e  breakers .  
bottom areas l o c a t e d  he re  were completely s h e l t e r e d  from incoming w a v e s  and 
surge  a t  a l l  s t a g e s  of t h e  t i d e .  Similar  p r o t e c t i o n  might a l s o  be expected 
during t h e  w i n t e r  months, s i n c e  Palaau i s  not d i r e c t l y  exposed t o  no r the r ly  
s u r f .  

Se lec t  

The r ee f  zone along t h e  i n s i d e  of t h e  breakers  c o n s i s t s  of an exten- 
s ive maze of c o r a l  heads awash a t  low t ide .  The deep h o l e s  and channels 
among t h e s e  heads o f t e n  have d e p o s i t s  of f i n e  s i l t  t h a t  quickly become 
suspended when d i s tu rbed  by a d i v e r  o r  a t u r t l e .  I n  add i t ion ,  r e c e s s e s  
i n  t h e  s u b s t r a t e  are heavi ly  shaded and d i f f i c u l t  t o  v i e w  wi th  b r i g h t  
sun l igh t  c o n t r a s t i n g  from overhead. Access t o  these  s i t e s  f o r  survey 
work was t h e r e f o r e  g r e a t l y  hampered. e s p e c i a l l y  dur ing  l o w  t i d e  when t h e  
t u r t l e s  were most l i k e l y  t o  be r e s t i n g .  It w a s  u sua l ly  impossible  t o  
naviga te  t h e  Zodiac through t h e  exposed c o r a l  heads. On numerous occa- 
s i o n s  t u r t l e s  were seen a t  a d i s t a n c e  su r fac ing  t o  brea the  d i r e c t l y  Over 
h o l e s  and channels thought t o  be used f o r  r e s t i n g  purposes. However, 
when the  s i t e  w a s  reached by s k i n  o r  scuba d ive r s ,  t h e  t u r t l e s  would 
o f t e n  be gone. o r  only s igh ted  b r i e f l y  as they r a p i d l y  swam away. On 
several occasions i t  w a s  noted t h a t  movement by a s i n g l e  t u r t l e  f l e e i n g  
from the  bottom would serve a s  a s i g n a l  t o  o t h e r s  t o  do t h e  same. This 
was t r u e  even when the  o the r  t u r t l e s  were behind ad jacen t  c o r a l  heads and 
unable t o  see an  approaching sk indiver .  

Although t u r t l e s  l i e  mot ionless  on t h e  bottom whi l e  r e s t i n g ,  t h e i r  
eyes  are almost always open and alert. An except ion  i s  when they are 
pos i t ioned  head f i r s t  i n t o  a r e s t i n g  site. r a t h e r  than  sideways o r  w i t h  
t h e i r  head f ac ing  out. 
i n s i d e  a narruw cave w i t h  only a s i n g l e  opening. 
c a r e f u l l y  worked h i s  way i n t o  t h i s  s m a l l  space. t h e  t u r t l e  made no at tempt  
t o  f l e e .  Instead,  i t  slowly r e t r e a t e d  even f a r t h e r  i n t o  t h e  l i m i t e d  avail- 
a b l e  space. Once the d i v e r  grasped the  t u r t l e  and moved it  t o  t h e  en t rance  
of t h e  s h e l t e r ,  it then t r i e d  t o  swim away wi th  g r e a t  force .  
r e s t i n g  e n t i r e l y  hidden i n  small recesses have been seen elsewhere i n  the  
Hawaiian Is lands.  The s h e l t e r e d  area w i l l  o f t e n  only  be s l i g h t l y  l a r g e r  
than  the  t u r t l e ,  thereby a f fo rd ing  good p r o t e c t i o n  a g a i n s t  l a r g e  sharks  and 
ocean surge. It should be noted t h a t  t u r t l e s  were never seen "wedged" i n t o  
o r  under the  s u b s t r a t e  wh i l e  r e s t i n g .  
n e u t r a l  o r  s l i g h t l y  nega t ive  buoyancy can be maintained t o  f a c i l i t a t e  rest- 
i n g  motionless  w i t h  only minimal con tac t  t o  t h e  hard s u b s t r a t e .  

One of t h e  t u r t l e s  captured by hand w a s  r e s t i n g  >1 m 
When t h e  scuba d ive r  

T u r t l e s  

By a d j u s t i n g  t h e i r  lung  volume, a 

Some t u r t l e s  were a l s o  found r e s t i n g  on t h e  bottom by c o r a l  heads 
l o c a t e d  c l o s e r  t o  shore,  bu t  s t i l l  w e l l  ou t s ide  t h e  mud f l a t  zone a t  
Palaau. The t u r t l e s  he re  were gene ra l ly  smaller (<SO cm) than  t h e  ones 
c l o s e r  t o  the  breakers.  Like a l l  of t h e  t u r t l e s  encountered i n  r e s t i n g  
hab i t a t .  upon being d i s tu rbed  t h e r e  w a s  a d i s t i n c t  tendency t o  swim sea- 
ward tuward deeper water. T u r t l e s  a l ready  c lose  t o  t h e  b reake r s  when 
first s igh ted  would, as could best be determined. a l s o  f l e e  seaward using 
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channels l ead ing  through the  s u r f .  It seems l i k e l y  t h a t  r e s t i n g  h a b i t a t ,  
e s p e c i a l l y  f o r  l a r g e r  t u r t l e s  (>65 cm), may a l s o  e x i s t  i n  deeper water on 
t h e  ou te r  s lope  beyond t h e  Palaau r ee f  f l a t .  

D i rec t ly  toward shore  from n e t t i n g  s i t e  D (Fig. 4 )  a deep n a t u r a l  
t rench  approximately 300 m l ong  by 75 m wide occurs  ab rup t ly  i n  t h e  mud 
f l a t  i n  f r o n t  of t h e  r u i n s  of an anc ien t  f ishpond (Pakanaka Pond). 
men on Molokai have repor ted  t h a t  t u r t l e s  rest on t h e  bottom a t  t h i s  
loca t ion .  
t o  i n s p e c t  t h e  bottom w i t h  scuba and look f o r  t u r t l e s  w a s  unsuccessfu l  
because of z e r o  v i s i b i l i t y  i n  t h e  s i l t - l a d e n  water. 
i n  t h i s  area su r fac ing  momentarily t o  brea the ,  bu t  they quick ly  dove again,  
probably i n  response t o  t h e  presence of t h e  survey boa t  and personnel .  

Fisher- 

An attempt The exact  depth i s  unknown, bu t  may range up t o  7 m. 

l k o  t u r t l e s  were seen 

Kahului Bay. h u i  

Physiography 

Kahului Bay is loca ted  a t  l a t .  2O054'N. long. 156O28'W on Maui's north- 
e r n  windward coas t  ad jacent  t o  t h e  i s l a n d ' s  major urban c e n t e r s  of Kahului 
and Wailuku (Fig. 9 ) .  Kahului Harbor is s i t u a t e d  w i t h i n  t h i s  bay and i s  
the  only deep-draft  harbor  on Maui. P ro tec t ion  f o r  v e s s e l s  i s  af forded  by 
two breakwaters 2,300 and 2,700 m long, wi th  a 180-m wide en t r ance  channel 
between them. Breakers  occur on both s i d e s  of t h e  channel and cont inue  
along t h e  coas t ,  e s p e c i a l l y  t o  t h e  east, f o r  up t o  1 km from shore.  

Except f o r  two s e c t i o n s  of beach, t h e  s h o r e l i n e  i n s i d e  Kahului Harbor 
i s  made up e n t i r e l y  of a r t i f i c i a l  s t r u c t u r e s .  Wharfs and o t h e r  f a c i l i t i e s ,  
inc luding  a l a r g e  Matson f r e i g h t  terminal ,  are l o c a t e d  on t h e  h a r b o r ' s  east 
s i d e  near  t h e  p r o j e c t i o n  of l and  c a l l e d  Hobron Point .  
t h e r e  i s  a cement boat  ramp. A 40-MW genera t ing  s t a t i o n  i s  s i t u a t e d  next  
t o  t h e  f r e i g h t  terminal  ou t s ide  t h e  harbor  boundaries  on t h e  seaward s i d e  
of Hobron Point. I n  a d d i t i o n  t o  numerous commercial, r e s i d e n t i a l ,  and 
a g r i c u l t u r a l  areas surrounding Kahului Harbor, t h e r e  i s  a l s o  a nearby j e t  
a i r p o r t ,  a wate rb i rd  re fuge  (Kanaha Pond), and a sewage p l a n t  t h a t  disposes  
of t r e a t e d  e f f l u e n t  by i n j e c t i o n  i n t o  t h e  l imes tone  substratum. Armstrong 
(1983) and Clark (1980) provide f u r t h e r  in format ion  on o the r  a s p e c t s  of 
Maui's c o a s t a l  zone i n  t h e  v i c i n i t y  of Kahului Bay. 

On t h e  w e s t  s i d e  

The p r i n c i p a l  study s i t e  f o r  t u r t l e s  i n  Kahului Bay was t h e  nearshore 
waters of Hobron Point  i n  t h e  immediate v i c i n i t y  of t h e  warmwater o u t f a l l  
of the  power p lan t .  The s t a t i o n ' s  cool ing  water system uses  55 m i l l i o n  
ga l lons  p e r  day of seawater pumped up from w e l l s  60 m deep. The i n t a k e  
temperature of t h i s  water i s  23OC, and t h e  o u t f a l l  temperature  i s  repor ted  
t o  range from 27O t o  33OC. depending upon t h e  load  (Hawaiian E l e c t r i c  Co, 
and Bishop Museum 1975). 
t h e i r  cool ing  water along a 50-m s t r e t c h  of s h o r e l i n e  j u s t  o u t s i d e  t h e  
p lan t .  Upon l e a v i n g  the  o u t f a l l  po r t s ,  t h e  hea ted  water cascades a s h o r t  
d i s t ance  down a boulder embankment and e n t e r s  t h e  sea w i t h  r e l a t i v e l y  
l i t t l e  force .  
and r e t a i n e d  t h e r e  t o  some ex ten t  by onshore tradewinds. 

The fou r  steam t u r b i n e  gene ra t ing  u n i t s  d i scharge  

A clear plume of w a r m  water i s  formed next  t o  t h e  embankment 
The c l e a r  plume 
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c o n t r a s t s  sharply wi th  ad jacent  water which i s  very t u r b i d  but  neve r the l e s s  
much w a r m e r  than f a r t h e r  offshore.  The plume i s  usua l ly  about 20 m i n  
diameter and varies i n  s i z e  and shape wi th  wind and t i d a l  condi t ions .  

The power p l an t  w a s  b u i l t  i n  1947 i n  e s s e n t i a l l y  t h e  same conf igura t ion  
t h a t  i t  e x i s t s  today. 
d i scharge  at n igh t  has been known by some p l a n t  employees and o t h e r  l o c a l  
r e s i d e n t s  f o r  many years .  Recently,  however, t he  numbers are be l ieved  t o  
have not iceably  increased ,  poss ib ly  because fewer are now being k i l l e d  the re  
s i n c e  l e g a l  p ro t ec t ion  w a s  granted.  Rene Sylva, a former t u r t l e  n e t  f i she r -  
man f i r s t  n o t i f i e d  research personnel i n  Apr i l  1984 about t h i s  aggregat ion.  

The ga ther ing  of a few t u r t l e s  near  t h e  warmwater 

A s e c u r i t y  fence extends around the  e n t i r e  p l a n t ,  but  pub l i c  access  t o  
the  d ischarge  area is made poss ib l e  by a narrow foo tpa th  along the  t o p  of 
t h e  6 m high embankment j u s t  o u t s i d e  t h e  fence.  A wooden s ta i rway l e a d s  
down the  embankment so t h a t  p e r i o d i c  samples of t h e  cool ing water can be 
s a f e l y  taken by power p lan t  personnel.  The stairs and p a r t  of t h e  discharge 
area are i l lumina ted  a t  n igh t  by a small f l o o d l i g h t  t h a t  ope ra t e s  automati- 
c a l l y  a t  dusk and dawn. 
va r ious  s e c u r i t y  l i g h t i n g  a t  t he  power p l a n t  and t h e  nearby f r e i g h t  terminal.  

Some background i l l umina t ion  a l s o  o r i g i n a t e s  from 

A small number of people r egu la r ly  f i s h  from t h e  embankment a t  n igh t  
w i t h  rod and reel whenever t h e  onshore winds are n o t  excessive.  Other 
a c t i v i t i e s  c a r r i e d  out h e r e  inc lude  r e c r e a t i o n a l  " t u r t l e  watching" during 
the  evening hours, a s  w e l l  as concerted pe r iod ic  a t tempts  t o  t ake  t u r t l e s ,  
some of which are undoubtedly successfu l .  Several l o c a l  r e s i d e n t s  ind i -  
ca ted  t h a t  t u r t l e s  are sometimes s h o t  here  w i t h  f i r ea rms  a s  a means of 
capture.  

Ecological Aspects of the Turtles Captured 

Large-mesh t a n g l e  n e t s  used on f i v e  n igh t s  (7 May and 17-20 June 1985) 
near the  warmwater o u t f a l l  i n  Kahului Bay r e s u l t e d  i n  e i g h t  cap tu res  (Tables 
1 and 21). Overall, 117 m-h of n e t t i n g  e f f o r t  w a s  expended f o r  each t u r t l e  
captured. One t u r t l e  was caught twice during t h i s  time, and two o t h e r s  were 
captured by hand whi l e  s k i n  d iv ing  r i g h t  next  t o  t h e  embankment. A t o t a l  of 
n ine  t u r t l e s  were t h e r e f o r e  examined, measured and tagged a t  t h i s  s i te  
(Table 22).  

Rela t ive ly  f e w  t u r t l e s  were captured i n  t h e  n e t s  d e s p i t e  t h e  l a r g e  
numbers c o n s i s t e n t l y  seen from shore  aggregated around t h e  small area of the  
o u t f a l l .  The n e t s  were almost c e r t a i n l y  being de tec t ed  and a c t i v e l y  avoided 
by the  t u r t l e s ,  even though they were set i n  t u r b i d  shallow water j u s t  out- 
s i d e  t h e  clear plume formed by the  discharge.  The t u r t l e s  were o f t e n  seen 
sur fac ing  t o  b rea the  a longs ide  t h e  net ,  thereby g iv ing  t h e  impression t h a t  
they were swimming around, o r  i n  some p laces ,  poss ib ly  under i t  t o  reach t h e  
warmer water. On several occas ions  a t u r t l e  would become entangled f o r  only 
a few minutes, during which t i m e  t h e r e  would be b u r s t s  of v i o l e n t  sp lash ing  
be fo re  i t  escaped. When a t u r t l e  t h a t  w a s  secure ly  caught i n  t h e  n e t  had t o  
be removed and brought t o  shore i n  t h e  inne r  tube,  t h e  subsequent s i g h t i n g s  
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of t u r t l e s  would dec l ine  d rama t i ca l ly  f o r  t h e  rest  of t h e  n igh t .  
t u r e  of most t u r t l e s  from t h e  area whenever personnel en te red  t h e  water 
g r e a t l y  l i m i t e d  t h e  amount of work t h a t  could be accomplished n i g h t l y .  N o  
t u r t l e s  were ever seen i n  t h e  v i c i n i t y  of t h e  o u t f a l l  dur ing  t h e  daytime, 
e i t h e r  from shore o r  dur ing  d iv ing  surveys, nor were any such r e p o r t s  
received during in te rv iews  w i t h  power p l an t  personnel or  o the r  l o c a l  resi- 
dents.  

The depar- 

The s i z e  composition of t he  n ine  t u r t l e s  was: 35-45 cm = 11%; 45-55 cm 
= 0 ;  55-65 cm = 0; 65-75 cm = 11%; 75-85 cm = 22%, and >85 cm = 56%. On t h e  
b a s i s  of t a i l  s i z e  (Table 22), i t  w a s  poss ib l e  t o  determine t h a t  two of the  
t u r t l e s  captured were males (29%) and f i v e  o t h e r s  were females (71%). The 
s i z e  c l a s s e s  found a t  a l l  t h r e e  p r i n c i p a l  study sites--Kawela Bay, Palaau 
and Kahului Bay--are compared i n  Figure 10. 

The h igh  propor t ion  of a d u l t s  present  near t h e  o u t f a l l  was confirmed by 
e s t ima tes  of t h e  s i z e  of t u r t l e s  seen su r fac ing  t o  brea the .  It was a l s o  
v e r i f i e d  by sk in  d iv ing  i n t o  t h e  plume of c l e a r  water and viewing up t o  28 
t u r t l e s  (on 2 May 1985) f o r  a s h o r t  time before  they f l e d .  A few t u r t l e s  i n  
t h e  45-55 and 55-65 cm s i z e  c l a s s e s ,  for  which no i n d i v i d u a l s  were captured, 
were i n  f a c t  seen, but n o t  near  t h e  l a r g e r  t u r t l e s .  The smallest t u r t l e  i n  
the  sample (44.8 cm, Table 22) was caught i n  a n e t  t h a t  had been pos i t i oned  
f a r t h e r  seaward from the  o u t f a l l .  Although s u f f i c i e n t  d a t a  are lacking ,  
t h e r e  was n e v e r t h e l e s s  some i n d i c a t i o n  t h a t  small t u r t l e s  <65 cm are 
r e s t r i c t e d  t o  the  cooler  reg ions  of t he  discharge.  I f  so, t h i s  might be due 
t o  t e r r i t o r i a l  behavior by l a r g e  t u r t l e s ,  o r  t h a t  smaller t u r t l e s  are less 
a b l e  t o  t o l e r a t e  t h e  h igher  temperatures c l o s e  t o  t h e  o u t f a l l .  This  l a t t e r  
p o s s i b i l i t y  would be c o n s i s t e n t  w i t h  thermoregulatory behavior i n  t h e  North- 
western Hawaiian I s l a n d s  where t u r t l e s  <65 cm seldom come ashore  t o  bask. 
The plume was c o n s i s t e n t l y  found t o  be 3Oo-3l0C a t  i ts  warmest s i t e  during 
Apr i l ,  May, and June  when t h e  f i e l d  s t u d i e s  were conducted. 

The stomach con ten t s  sampled from seven of t h e  t u r t l e s  revea led  t h a t  
fou r  (57%) contained 95% o r  more Codium edu le  (Table 23). 
cons i s t ed  of 25% Acanthophora, 25% Amansia, and 50% Laurencia n i d i f e r a .  
Only minute food p a r t i c l e s  of P t e r o c l a d i a  sp. and Laurencia sp. were i n  
t h e  sma l l e s t  t u r t l e  captured (44.8 cm). An a d d i t i o n a l  16 o the r  sDecies of 

Another sample 

ben th ic  a lgae  were i d e n t i f i e d ,  bu t  only i n  t r a c e  amounts from the -va r ious  
stomach samples. Two samples a l s o  contained a small crab o r  crab p a r t s  
which were l i k e l y  inges t ed  u n i n t e n t i o n a l l y  along w i t h  a lgae  used f o r  food. 
A n u t r i t i o n a l  b e n e f i t  would n e v e r t h e l e s s  accrue  i f  many of these  c rus t a -  
ceans are present  on t h e  a l g a e  when i t  i s  eaten.  

The green a l g a ,  Chaetomorpha brachygona, w a s  on t h e  carapace of t u r t l e s  
captured near  t h e  o u t f a l l  (Table 9). This genus has  not been previous ly  
recorded growing on green t u r t l e s  i n  Hawaii. I n  c o n t r a s t  wi th  t h e  o the r  
p r i n c i p a l  study s i tes ,  t u r t l e s  sampled near  t h e  o u t f a l l  had very  l i t t l e  o r  
no r ed  a lgae  (Polysiphonia spp.) on t h e i r  neck and gro in .  However, t h e  s k i n  
barnac le ,  P l a t y l e p a s  hexas ty los ,  w a s  exceedingly abundant, and some areas of 
t h e  groin were completely covered. Also, i n  c o n t r a s t  w i t h  t h e  o t h e r  study 
sites, t u r t l e s  examined a t  t h e  o u t f a l l  had the  burrowing barnac le ,  Stephano- 
lepas muricata,  i n  moderate numbers (5-10) along t h e  a n t e r i o r  edge of t h e i r  
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f r o n t  f l i p p e r s .  This ba rnac le  i s  p o t e n t i a l l y  harmful i n  g r e a t  numbers 
because i t  l ives  deep i n  t h e  t i s s u e  and de r ives  p a r t  of i t s  sustenance from 
t h e  t u r t l e ' s  blood. It would appear t h a t  both Stephanolepas and Pla ty lepas  
f l o u r i s h  i n  t h e  warmer water, r a t h e r  than being adverse ly  a f f e c t e d  by it. 
No dead barnac les  were on t h e  t u r t l e s  t o  suggest t h a t  t h e  higher  temperature 
a t  t he  o u t f a l l  helped t o  ge t  r i d  of them. 
major, Abudefduf abdominalis. were seen i n  the  c l e a r  plume, but t h e r e  w a s  no 
i n d i c a t i o n  t h a t  they were graz ing  on the  t u r t l e s '  e p i z o i t e s .  

Small schools  of the  sergeant  

Five of t h e  n ine  t u r t l e s  captured had prominent e x t e r n a l  i n j u r i e s  o r  
abnormal i t ies  (Table 24);  t h r e e  of these  had wounds almost c e r t a i n l y  caused 
by a s p e a r  o r  harpoon. T u r t l e s  i n  the  warmer p a r t  of t he  d ischarge  are 
e s p e c i a l l y  vu lne rab le  t o  a t t a c k  wi th  a harpoon, s i n c e  t h e  embankment i s  
d i r e c t l y  above them. Another i n j u r e d  t u r t l e  t h a t  w a s  captured had a b l i n d  
and a t rophied  r i g h t  eye. The cause could not  be determined, however, severe 
eye damage and b l indness  i n f l i c t e d  by a three-pronged s p e a r  have been docu- 
mented elsewhere i n  H a w a i i .  The l a r g e s t  t u r t l e  captured,  a 96.5 cm a d u l t  
female ( t a g  No. 8486, Tables 22 and 24). had numerous s m a l l  f ibropapi l lomas 
0.5-3 cm i n  diameter on t h e  inguina l  and a x i a l  reg ions  of a l l  four  f l i p p e r s  
and on both  eyes. Nevertheless,  i t  was vigorous when caught i n  t h e  n e t  and 
seemed t o  be i n  good n u t r i t i o n a l  condi t ion.  On 23 Ju ly  1986, 13 months 
a f t e r  being tagged, t h e  t u r t l e  was reported dead, washed ashore  a t  Nehe 
Point ,  2.2 km t o  t h e  west of Hobron Point (Fig. 9 ) .  The s ta te  of decomposi- 
t i o n  suggested t h a t  t h e  t u r t l e  had been dead f o r  5-10 days. The cause of 
dea th  was not  ev iden t ,  however, some of t h e  tumors are be l ieved  t o  have 
not iceably  increased  i n  s i z e .  ' b o  yea r s  ear l ier  on 27 J u l y  1984 another  
l a r g e  t u r t l e  (88 cm) was found dead a t  Nehe Point.  There were tumors on 
both eyes and t h e  r i g h t  f r o n t  f l i p p e r  was f r e sh ly  amputated, presumably by 
a shark. The stomach was f i l l e d  t o  capac i ty  wi th  P te roc lad ia  capillacea. 

A comparison of the  i n j u r i e s  .and abnormal i t ies  on t u r t l e s  of d i f f e r e n t  
s i z e  c l a s s e s  sampled a t  t h e  t h r e e  p r i n c i p a l  study si tes is  presented  i n  
Table 25. 

Deep-body temperatures of 28.8O and 27.6OC were recorded i n  two t u r t l e s  
r i g h t  a f t e r  being hand-captured on 18 and 19 June 1985 i n  the  c l e a r  plume of 
t h e  o u t f a l l  where the  temperature was 3OoC (Table 13) .  These t u r t l e s  may 
have been i n  t h i s  warmer water f o r  up t o  5 h, r e spec t ive ly .  The two mea- 
surements demonstrate t h e  thermal advantage obta ined  near  t h e  o u t f a l l ,  s ince  
t h e  ambient temperature f a r t h e r  from shore was 26.5OC. The b e n e f i t  would be 
even g r e a t e r  a t  o the r  times of the  year  and during c e r t a i n  weather condi- 
t i o n s  when t h e  ambient ocean temperature  i s  even cooler .  
during t h e  e a r l y  May 1985 f i e l d  work i n  Kahului Bay (Table 1) t h e  of fshore  
temperature w a s  found t o  be 2O coo le r  o r  24.5OC. 

For example, 

T u r t l e s  were censused from shore  as they sur faced  t o  brea the  i n  an 
e f f o r t  t o  b e t t e r  understand t h e i r  d i u r n a l  a c t i v i t y  p a t t e r n s  and behavior i n  
t h e  v i c i n i t y  of the  o u t f a l l .  Due t o  t u r b i d  water condi t ions  and r e f l e c t i o n  
on the  sea sur face ,  t h e  t u r t l e s  could only be seen  when they came up f o r  
a i r .  This  su r face  i n t e r v a l  was usua l ly  very  sho r t ,  l a s t i n g  only 1-3 s. 
Nevertheless ,  t h e  t u r t l e s  were h ighly  v i s i b l e  dur ing  t h i s  b r i e f  time s ince ,  
as mouth b rea the r s ,  t h e i r  e n t i r e  head w a s  r a i s e d  out of t h e  water. The 
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l i g h t e r  co lored  areas of t h e  t h r o a t  and head were e s p e c i a l l y  no t i ceab le  a t  
n igh t  under t h e  a r t i f i c a l  l i g h t i n g ' f r o m  t h e  power p l a n t  and harbor  f a c i l i -  
t i es .  Small sha rks  <1 m long  were s igh ted  a t  t h e  su r face  a few times. but  
they  were e a s i l y  d i s t ingu i shed  from t u r t l e s .  

On only a few occasions w a s  it p o s s i b l e  t o  i d e n t i f y  and keep t r a c k  of 
i nd iv idua l  t u r t l e s  t o  estimate submergence t i m e  between brea ths .  
i n t e r v a l  was t e n t a t i v e l y  determined t o  be from 1 t o  4 min. However, some 
t u r t l e s  may have s t ayed  dawn f o r  a much longe r  period. as would occur  i n  
t y p i c a l  r e s t i n g  h a b i t a t s .  The complicat ing f a c t o r  h e r e  is  tha t .  al though 
some may be on t h e  bottom i n  a prolonged r e s t i n g  phase. many o t h e r s  
o u t s i d e  of t h e  clear plume appear t o  be a c t i v e l y  forag ing  and t h e r e f o r e  
t ak ing  more f r equen t  brea ths .  
fac tor .  s i n c e  a concomitant i n c r e a s e  i n  body temperature  and metabolism 
would n e c e s s i t a t e  more f requent  r e s p i r a t i o n .  To estimate t h e  t o t a l  number 
of t u r t l e s  around t h e  o u t f a l l  a t  any given time, s i g h t i n g s  made a t  t h e  
su r face  dur ing  a l-min per iod  would have t o  be m u l t i p l i e d  by t h e  
submergence time, which i n  t h i s  case i s  assumed t o  be 1 t o  4 min. 
11 shows t h e  s i g h t i n g s  p e r  minute t h a t  were recorded at select t imes  on 13 
d i f f e r e n t  days dur ing  April .  May. and June. The h ighes t  counts  obtained 
during t h i s  per iod  were 12-29 per  min w i t h  an  average 20 p e r  min on t h e  
n igh t  of 2 May. Using 2.5 min as an  average submergence t i m e r  an est imated 
50 t u r t l e s  may have been present .  The t o t a l  number of i n d i v i d u a l s  involved 
could be even h ighe r  i f  a turnover  occurs  and new t u r t l e s  arr ive and o the r s  
depar t  throughout t h e  n ight .  Howeverr t h i e  i s  un l ike ly  t o  b e  a s i g n i f i c a n t  
f a c t o r  s i n c e  very  few t u r t l e s  ever reappeared once a major disturbance. 
l i k e  a d i v e r  e n t e r i n g  t h e  water. f r igh tened  them away. 

This  

The warmer water may a l s o  be a n  important 

Figure 

"he arrival of t u r t l e s  near  t h e  o u t f a l l  s t a r t i n g  a t  sunset.  and t h e i r  
i nc rease  a f t e r  t h e  end of twi l igh t .  are i l l u s t r a t e d  i n  F igure  1l:l-1C. Also 
shown h e r e  i s  t h e  approximate 35Z dec l ine  i n  s i g h t i n g s  t h a t  r e s u l t e d  when 
t h r e e  persons s t a r t e d  f i s h i n g  from t h e  t o p  of t h e  embankment by c a s t i n g  
beyond where t h e  t u r t l e s  were aggregated. Figure ll:2-2C i l l u s t r a t e s  a 
similar scena r io  on t h e  fol lowing n igh t  (11 Apri l ) .  only t h i s  t h e  a lone  
fisherman was present  from be fo re  sunse t  s tanding  on t h e  boulders  r i g h t  next 
t o  t h e  o u t f a l l .  H e  departed s h o r t l y  a f t e r  dusk a t  1930. U n t i l  t h e  t h e  he 
l e f t  t h e  t u r t l e  s i g h t i n g s  remained very  low.  However. a small bu t  notice- 
able i n c r e a s e  occurred 30-45 min later. even though several o the r  people 
s t a r t e d  f i s h i n g  50 m t o  t h e  east of t h e  o u t f a l l  i n  a much less i l lumina ted  
s e c t i o n  of t h e  embankment. Representa t ive  s i g h t i n g s  taken  a f t e r  dark on 
1 May. when no d i r e c t  human d i s r u p t i o n  occurred. are  shown i n  F igure  11:3. 
S i m i l a r  s i g h t i n g s  f o r  t h e  fol lowing n igh t  appear  i n  F igure  11:4. However .  
i n  t h i s  case a s k i n  d ive r  (one of t h e  research  personnel)  spent  15 min 
surveying t h e  area. A s  shown. an  almost t o t a l  abandonment of t h e  area by 
t h e  t u r t l e s  subsequently took place.  F igure  ll:5-5A aga in  i l l u s t r a t e s  a 
s i g h t i n g  per iod  from sunse t  u n t i l  a f t e r  dark w i t h  no human in t e rven t ion .  
F igure  11:6-7 covers  several censuses  dur ing  4-9 May. one of which revealed 
t h e  near  absence of t u r t l e s  due apparent ly  t o  two fishermen s tanding  c lose  
t o  t h e  o u t f a l l .  

The f l o o d l i g h t  t h a t  normally comes on au tomat ica l ly  s h o r t l y  a f t e r  
sunse t  was placed on manual con t ro l  and l e f t  o f f  f o r  s e v e r a l  hours  on t h e  
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n i g h t s  of 17-20 June. This  was done t o  t r y  t o  i n c r e a s e  the  chances of 
catching t u r t l e s  i n  n e t s  set n i g h t l y  during t h i s  per iod .  It a l s o  provided 
t h e  opportuni ty  t o  see what e f f e c t  t h i s  po in t  source  of i l l umina t ion  might 
have on t h e  presence of t u r t l e s  nea r  t he  o u t f a l l .  Figure 11:8-10 suggests  
t h a t  l i t t l e  i f  any response w a s  obtained when t h e  l i g h t  was switched on. 
Factors  t h a t  may be an important cons idera t ion  he re  inc lude  t h e  a r r a y  of 
o t h e r  l i g h s  i n  t h e  v i c i n i t y ,  and t h e  apparent ly  exceedingly d e s i r a b l e  na ture  
of the  hea ted  water t o  t h e  t u r t l e s .  Any avers ion  t h e  t u r t l e s  may have t o  
sho re l ine  l i g h t i n g  might be overcome by t h e  thermal advantage. It  should 
a l s o  be noted t h a t  when t h e  f l o o d l i g h t  i s  turned  on, i t  gradual ly  reaches 
f u l l  i l l umina t ion  Over a 5-min per iod ,  r a t h e r  than  immedia te  peak inten-  
s i t y .  However, t h i s  may be of no s i g n i f i c a n c e  s i n c e  t h e  head l igh t s  from 
nearby v e h i c l e s  t h a t  sometimes e n t e r  the  harbor  a t  n igh t  p e r i o d i c a l l y  f l a s h  
ac ross  t h e  o u t f a l l  area. 

Foraging Habitat Appraisal 

Observations made wh i l e  s k i n  d iv ing  a t  n i g h t  revea led  t h a t  t h e  aggre- 
ga ted  t u r t l e s  were not  forag ing  i n  t h e  w a r m  plume of c l e a r  water next  t o  the 
o u t f a l l .  Ins tead ,  the  t u r t l e s  seen he re  were e i t h e r  l y i n g  motionless  on t h e  
bottom, o r  d r i f t i n g  i n  t h e  shallow water column slawly back and f o r t h  along 
w i t h  the  wave surge and flow from t h e  o u t f a l l .  The t u r t l e s  were a l s o  hover- 
i ng  Over one another ,  presumably t o  obta in  maximum use of t he  w a r m e s t  por- 
t i o n  of t h e  plume. Although the  t u r t l e s  f l e d  w i t h i n  s e v e r a l  minutes a f t e r  
t he  d i v e r ' s  arrival,  it was still  poss ib l e  t o  confirm t h e  absence of any 
feeding a c t i v i t y ,  given t h e  e x c e l l e n t  underwater c l a r i t y  w i t h i n  t h e  plume 
and l a r g e  numbers (up t o  28) viewed each time. 

There were no benth ic  a lgae  growing on t h e  rubble  and boulders  which 
comprise the  bottom where t h e  h ighes t  dens i ty  of t u r t l e s  occurred. However, 
detached p ieces  of Codium spp. and ,A. s p i c i f e r a  were abundant. These a lgae  
commonly grcrw along the bottom s t a r t i n g  10-20 m from the  clear-water plume 
and extend up t o  300 m from shore.  Codiwn edule  and ,A. s p i c i f e r a ,  t h e  two 
major spec ie s  i n  the  stomach samples, were e s p e c i a l l y  abundant in a 3 m deep 
channel present  100-300 m from shore  s l i g h t l y  t o  t h e  w e s t  of t h e  o u t f a l l .  
Other a lgae  commonly found included Amansia, Sc ina ia  hormoides, and Dictyo- 
sphaer ia  cavernosa. 
apparent ly  occupying or  t r a n s i t i n g  t h e  area be fo re  moving c l o s e r  t o  the  
o u t f a l l .  
a l though i t  is t o o  f a r  away t o  make observa t ions  from shore  a t  n ight .  
T u r t l e s  t h a t  could be seen commonly sur fac ing  i n  t u r b i d  water much c lose r  t o  
t h e  c l e a r  plume may have a l s o  been feeding on a lgae  growing on t h e  bottom. 

A t  dusk t u r t l e s  were almost always seen s u r f a c i n g  here,  

Foraging seemed l i k e l y  t o  occur throughout t h i s  r i c h  a l g a l  zone, 

Fresh frozen bulk samples of t h e  two p r i n c i p a l  food sources ,  as w e l l  as 

Codium reediae ,  although abundant, was not  found i n  any 
another  a lga ,  C. reediae,  were analyned t o  compare n u t r i e n t  composition 
(Tables 26 and 27). 
of t he  stomach samples. The C. edu le  w a s  harves ted  €rom the  channel area 
approximately 200 m from shore,  and a t  a s i te  near  t h e  c l e a r  plume. The 
former l o c a t i o n  w a s  beyond the  d i r e c t  thermal i n f l u e n c e  of t h e  o u t f a l l ,  and 
t h e  l a t te r  w a s  w e l l  w i t h i n  it. 
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On a dry matter bas i s .  Acanthophora contained more than  twice as  much 
p r o t e i n  (Table 26) and i r o n  (Table 27) a8 ,C. edule.  Acanthophora a l s o  had 
much higher  levels of copper. manganese. and z i n c  than  C. edule. but  w a s  
no t iceably  lower i n  sodium, magnesium. and potassium (Table 27). The 
composition of 5. edule. sampled a t  t h e  two sites. v a r i e d  f o r  a number of 
n u t r i e n t s ;  concent ra t ions  were gene ra l ly  higher  i n  t h e  p l a n t s  growing c l o s e  
t o  t h e  o u t f a l l .  Prominent among t h e s e  were p r o t e i n  (10.7% vs. 8.2%). f i b e r  
(26.6% vs. 21.8%). calcium (5.7% vs. 1.7%). i r o n  (918 vs. 385 ppm). and 
manganese (425 vs. 44 ppm). The n u t r i t i o n a l  s i g n i f i c a n c e  and reasons f o r  
t h e s e  d i f f e rences  are unknown. However. t h e  higher  levels  of p r o t e i n  might 
be expected t o  produce f a s t e r  rates of growth i n  t u r t l e s  u t i l i z i n g  t h i s  
mater ia l .  The higher  concen t r a t ions  of c e r t a i n  heavy metals i n  a lgae  near  
t h e  o u t f a l l  could be due t o  v a r i o u s  metallic d e b r i s  and o t h e r  l i t t e r  
present  a long the  bottom. o r  poss ib ly  an elwated content  i n  t h e  d ischarge  
water.  

While d iv ing  about 150 m from t h e  o u t f a l l .  an abandoned g i l l  ne t  w a s  
l oca t ed  and remuved from t h e  bottom where it had become fouled  on 
calcareous outcroppings.  
l a r g e  (70-80 cm) t u r t l e  was found entangled on 8 October 1984 ( see  Balazs  
1985c:405). Rescuers t r i e d  t o  cu t  t h e  n e t  loose,  but  t h e  t u r t l e  swam away 
w i t h  a p i ece  of l i n e  s t i l l  wrapped around i t ' s  f l i p p e r .  
s i g n i f i c a n c e  found on t h e  bottom included t h e  s c u t e  from t h e  carapace of a 
small (45 cm) t u r t l e .  

This  n e t  was probably t h e  same one i n  which a 

Other d e b r i s  of 

Many areas along t h e  seaward s i d e  of t h e  Kahului Harbor breakwater 
have dense i n t e r t i d a l  growths of P te roc lad ia .  
low t i d e  growing on t h e  l i gh t - co lo red  concre te  on t h e  w e s t  s i d e  of t h e  
harbor entrance.  This alga. a long wi th  a band of Ulva f a sc i a t a .  a l s o  
occurs  on t h e  boulder  embankment immediately t o  t h e  east (upwind) of t h e  
warmwater o u t f a l l .  Although P te roc lad ia  i s  a v a i l a b l e  he re  i n  cons iderable  
abundance. t h e  t u r t l e s  are apparent ly  not u t i l i z i n g  it t o  any g r e a t  extent.  
based on t h e  stomach samples obtained.  In an earlier study of r e s i d e n t  
green t u r t l e s  at Punaluu Bay on t h e  I s l and  of H a w a i i .  t h e  s o l e  source of 
food w a s  P te roc lad ia .  The most r a p i d  growth rates thus  f a r  known f o r  green 
t u r t l e s  i n  t h e  Hawaiian I s l a n d s  occur  a t  t h i s  l o c a t i o n  (Balazs 1982). 

It is e s p e c i a l l y  v i s i b l e  a t  

I n s i d e  t h e  harbor  t h e r e  are profuse  growths of 1. f a s c i a t a  on t h e  
rocks and o the r  hard  s u r f a c e s  i n t e r s p e r s e d  along t h e  two sand beaches. 
Accumulations of decomposing and o the r  a lgae  o f t e n  occur on t h i s  
shore l ine .  In t h e  v i c i n i t y  of t h e  boat ramp on t h e  harbor ' s  west s i d e  
t h e r e  are l a r g e  q u a n t i t i e s  of t h e  red alga. Hypnea musciformis. This  
s p e c i e s  w a s  in t roduced  t o  t h e  Hawaiian I s l ands  from F l o r i d a  i n  1976. It is 
now sometimes found as a d i e t a r y  component of green t u r t l e s .  e s p e c i a l l y  
around Oahu (Balazs  1980b). 

T u r t l e s  are repor ted  to only r a r e l y  occur i n s i d e  t h e  harbor. 
w a s  observed during t h e  present  study. 
t h e  same l a r g e  t u r t l e ,  i d e n t i f i a b l e  by t h e  p a t t e r n  of ba rnc le s  on i ts  
carapace. has been occas iona l ly  seen i n s i d e . t h e  harbor  f o r  t h e  p a s t  several 
years .  

None 
One person interviewed s a i d  t h a t  
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Rest ing Hab i t a t  Appraisal 

The warmwater area c l o s e s t  t o  t h e  o u t f a l l  can, t o  some e x t e n t ,  be 
considered r e s t i n g  h a b i t a t  s i n c e  most of t h e  t u r t l e s  seen  the re  were i n  
an i n a c t i v e  " res t ing"  state.  
s i te ,  however (o the r  than f o r  nearby foraging)  is almost c e r t a i n l y  f o r  
thermoregulation. That is ,  t o  e l e v a t e  body temperature t o  a c c e l e r a t e  
metabolic processes  such as d i g e s t i o n ,  growth, and reproduct ion.  The 
complete absence of t u r t l e s  i n  t h e  v i c i n i t y  of t he  o u t f a l l  during the  
daytime s t rong ly  sugges ts  t h a t  r e s t i n g  h a b i t a t  of a more t y p i c a l  na tu re  
i s  being u t i l i z e d  elsewhere. 

The p r i n c i p a l  motivat ion f o r  occupying t h i s  

Other than t h e  dredged harbor  and en t rance  channel,  t h e  nearshore 
waters of t h e  power p l an t  are r e l a t i v e l y  shallow, and t h e r e  i s  no 
s t r u c t u r a l  r e l i e f  a long t h e  bottom where t u r t l e s  might f i n d  s h e l t e r  t o  
rest. Extremely high t u r b i d i t y  and hazardous cond i t ions  from v e s s e l  
t r a f f i c  prevented scuba d iv ing  a long  the  channel en t rance  t o  search  f o r  
r e s t i n g  sites. However, no t u r t l e s  were seen a t  t h e  s u r f a c e  i n  t h i s  
a r ea ,  as usua l ly  occurs  where they r e s t  i n  numbers a long  t h e  bottom. 

Besides  t h e  harbor channel, t h e  nea res t  area of deep water t o  t h e  
power p l an t  i s  loca ted  1.0-1.3 km seaward, i n  a n o r t h e r l y  d i r e c t i o n  
beyond the  breakers  (Fig. 9 ) .  S i g n i f i c a n t  r e s t i n g  h a b i t a t  w a s  i d e n t i f i e d  
here  which i s  almost c e r t a i n l y  being used by the  t u r t l e s  present  a t  t h e  
o u t f a l l .  The normally s t rong  onshore tradewinds, high t u r b i d i t y ,  and 
wind-driven swell made t h i s  a r e a  d i f f i c u l t  t o  examine. However, f o r  
s eve ra l  hours fol lowing s u n r i s e  on 9 May 1985 calmer condi t ions  p reva i l ed  
which allowed a scuba survey t o  be undertaken. 

The bottom ou t s ide  the  b reake r s  was hard and r e l a t i v e l y  f e a t u r e l e s s  
i n  depths  of 4-8 m. However, s l i g h t l y  f a r t h e r  o f f shore ,  t he re  w a s  a 
series of sheer-walled canyons w i t h  sand bottoms a t  depths  of 20-25 m. 
One of t hese  canyons t h a t  was no more than  15 m wide was examined by 
fol luwing it along the bottom f o r  about 100 m. Three l a r g e  t u r t l e s  >82 
cm were encountered r e s t i n g  under o r  w i th in  ca lcareous  r eces ses  i n  t h e  
canyon w a l l .  One t u r t l e  w a s  seen as i t  rap id ly  B W B ~  o f f ,  l eav ing  a l a r g e  
cloud of suspended sand. 
s h e l t e r s ,  where they  were pos i t ioned  somewhat sideways and w e l l  mare of 
a d i v e r ' s  presence.  One t u r t l e  moved a s h o r t  ways f a r t h e r  i n t o  i t s  
r e s t i n g  p lace  when the d ive r  touched i ts  f l i p p e r s  t o  confirm t h e  absence 
of tags .  Due t o  t h e i r  l a r g e  s i z e ,  no at tempt  w a s  made t o  ca t ch  t h e  
t u r t l e s  by hand. Outside the  canyon, another  t u r t l e  was ly ing  mot ionless  
between outcroppings on t h e  bottom a t  a depth of 23 m. A f i f t h  t u r t l e  
w a s  s igh ted  i n  a shallower area (10 m) between two s m a l l  l i ve  c o r a l  
heads, but  i t  w a s  a l e r t  and immediately swam away. While a t  anchor and 
motoring through t h i s  o f f shore  area, several t u r t l e s  were a l s o  seen 
f l o a t i n g  a t  t h e  sur face .  

The o t h e r  two remained i n  t h e i r  p r o t e c t i v e  
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Findings at Other Study Sites 

Maunalua Bay, Oahu 

A popular s u r f i n g  s i t e  known as "Turtles" e x i s t s  o u t s i d e  t h e  shallow 
ree f  f l a t  i n  Maunalua Bay ( la t ,  21°17'N, long. 157O45'W) a t  the  southeas t  
end of Oahu (Fig. 12) .  This  place-name appears  t o  be of r e l a t i v e l y  recent 
o r i g i n  having r e s u l t e d  from s u r f e r s  r egu la r ly  s p o t t i n g  t u r t l e s  i n  t h e  area 
(Pukui e t  al. 1976; Aecos 1981). Turtles are r epor t ed  t o  have been 
commonly caught i n  abundance w i t h  n e t s  set  on t h e  reef  f l a t  p r i o r  t o  major 
r e s i d e n t i a l  development involv ing  the  dredging and l a n d f i l l  of f ishponds 
f o r  the  H a w a i i  K a i  subdiv is ion ,  The east s i d e  of Maunalua Bay. i n s i d e  the 
f r i n g i n g  r ee f ,  is  now used ex tens ive ly  f o r  r e c r e a t i o n a l  purposes, inc luding  
j e t  s k i  r e n t a l s  and ou t r igge r  canoe paddling. 
boat  channel l e a d s  through t h e  shal low reef  up t o  an  improved boa t  ramp and 
a l s o  i n t o  the  H a w a i i  K a i  Marina l o c a t e d  i n s i d e  Kuapa Pond. 
Aecos (1981) provide a d d i t i o n a l  d e s c r i p t i v e  informat ion  on t h e  surrounding 
c o a s t l i n e  and r e e f ,  which inc ludes  Paiko Peninsula,  Kuliouou. Maunalua Bay 
Beach Park, and t h e  Port lock area of Koko Head. 

A dredged and well-marked 

Clark (1977) and 

Commercial scuba d iv ing  c h a r t e r s  which have used Maunalua Bay during 
recent  y e a r s  o f t e n  ope ra t e  j u s t  o u t s i d e  t h e  breakers  i n  t h e  v i c i n i t y  of the  
T u r t l e s  s u r f i n g  site. 
i n  advert isements  and promotional a r t i c l e s  appearing i n  n a t i o n a l  magazines 
(Church and Church 1985). The viewing and photography of t u r t l e s  here  has 
become a popular a t t r a c t i o n  f o r  t o u r i s t s  and o the r  d ivers .  

This  underwater region has  been named "Tur t le  Canyon" 

Scuba surveys l i s t e d  i n  Table 1 t h a t  were conducted a t  T u r t l e  Canyon 
confirmed the  area t o  be important r e s t i n g  h a b i t a t .  A series of low 
ca lcareous  r idges  extend along the  bottom separa ted  by sand channels  9-11 m 
deep. Three immature t u r t l e s  measuring 39. 42, and 62 cm were hand-captured 
w h i l e  r e s t i n g  near cora l  outcroppings t h a t  provided a minimum of s h e l t e r  
(Table 28).  One t u r t l e  had only i t s  head i n s i d e  a small recess ,  whi le  
another  was l y i n g  mostly unprotected on a waterlogged palm frond t h a t  had 
s e t t l e d  t o  t h e  bottom. V i r t u a l l y  no ocean surge could be f e l t  on t h e  bottom 
where t h e  t u r t l e s  were r e s t i n g .  

Codium edule  and C. arabicum were i n  t h e  stomach con ten t s  of t h e  s i n g l e  
t u r t l e  t h a t  w a s  sampled (Table 29). 
surrounding area and t h e r e f o r e  had l i k e l y  been e a t e n  on t h e  r ee f  f l a t  i n  
t y p i c a l  forag ing  h a b i t a t  l o c a t e d  c l o s e r  t o  shore.  An a l g a l  mat growing on 
t h e  v e n t r a l  s u r f a c e s  of  t he  f l i p p e r s  of t he  42 cm t u r t l e  was i d e n t i f i e d  a s  
Ectocarpus ind icus .  
t u r t l e s  examined. I n  add i t ion ,  a l l  t h r e e  had small numbers of s k i n  
barnac les ,  2. hexastylos ,  and. on t h e  42 cm t u r t l e  alone, a s i n g l e  burrowing 
barnac le ,  2.  muricata.  The 62 cm t u r t l e  had a small growth on i t s  r i g h t  eye 
and a x i l l a .  None of the  o the r  seven t u r t l e s  s i g h t e d  whi le  d iv ing  appeared 
to have tumors. However, j u s t  r e c e n t l y  (August 1986) a d ive  t o u r  opera tor  
has  repor ted  r e g u l a r l y  see ing  a severe ly  a f f l i c t e d  small t u r t l e  ( < 5 5  cm). 

Codium w a s  n o t  p re sen t  i n  t h e  

A similar a l g a l  growth was p resen t  on t h e  o t h e r  two 

A s i g n i f i c a n t ,  a l b e i t  b r i e f ,  observat ion made i n  t h i s  area involved 
t h r e e  t u r t l e s  near  a prominent c o r a l  head surrounded by sand. One of the 
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t u r t l e s  was seen  pos tur ing  motionless  Over the  c o r a l  wh i l e  a surgeonf i sh  
(probably Ctenochaetus s t r i g o s u s )  grazed on an a l g a l  m a t  growing on t h e  
carapace. D i sc re t e  underwater c leaning  s t a t i o n s  f o r  t u r t l e s  involv ing  
surgeonf i sh .  Acanthurus sandvicens is ,  and wrasses (Labridae) have been 
observed i n  the  Northwestern Hawaiian I s l a n d s  ( B a l a s  1980b:21). Such sites 
have not been previously documented i n  r e s t i n g  o r  fo rag ing  h a b i t a t  of the  
main i s l ands .  
d i s turbed  i n t e r s p e c i f i c  behavior of t he  t u r t l e s  and f i s h e s .  
symbiosis of t h i s  na tu re  may very  w e l l  play an important  r o l e  a t  c e r t a i n  
l o c a t i o n s  i n  reducing the  amount of foul ing  growth t h a t  accumulates on 
Hawaiian green t u r t l e s .  

Their  d e t e c t i o n  is  undoubtedly made d i f f i c u l t  by the  e a s i l y  
Cleaning 

West Beach, Oahu 

West Beach i s  t h e  name recen t ly  given t o  a l a r g e  pa rce l  of ag r i cu l -  
t u r a l  l and  f ronted  by 3 km of s h o r e l i n e  a t  lat .  21°211N, long. 158OO8'W on 
t h e  southwest leeward coas t  of Oahu (Fig. 1 3 ) .  The southern  boundary of 
t h e  area i s  the  Barbers Poin t  Deep D r a f t  Harbor which i s  p resen t ly  under 
cons t ruc t ion .  The nor thern  l i m i t  i s  Lanikuhonua. an h i s t o r i c  beachfront  
estate now c a l l e d  Paradise  Cove where Hawaiian l u a u s  are held f o r  t o u r i s t s .  
The West Beach shore l ine  c o n s i s t s  mainly of a l imes tone  bench 3-4 m high 
w i t h  pockets of sand behind it. 
at several sites along he re ,  
occurs  i n  the  lower por t ion  of t h e  i n t e r t i d a l  zone along much of t he  bench. 
However, t h i s  a l g a  is no t  present  w i t h i n  about 200 m of the  en t r ance  t o  t h e  
deep d r a f t  harbor,  nor immediately t o  t h e  south of i t .  It does occur  along 
t h e  s h o r e l i n e  t o  t h e  nor th  of Lanikuhonua t o  Kahe Point.  An underwater 
coas t a l  s h e l f  extends f o r  1.5-2.0 km off West Beach. bu t  no f r i n g i n g  or  
b a r r i e r  reef  e x i s t s  t o  b u f f e r  sou the r ly  ocean swells. Consequently the  
waves break c l o s e  t o  shore o f t e n  d i r e c t l y  upon t h e  l imestone bench. 

Freshwater s p r i n g s  p e r c o l a t e  i n t o  the  sea 
A dense growth of P te roc lad ia  capillacea 

An ex tens ive  urban, r e s i d e n t i a l ,  and r e s o r t  development is  planned f o r  
West Beach i n  t h e  near  fu tu re .  Included w i l l  be  t h e  excavat ion of four  
0.8-2.2 ha swimming lagoons wi th  f l u s h i n g  channels  cu t  through t h e  shore- 
l i n e ,  a s  w e l l  a s  a 500-berth marina using the  newly dredged en t r ance  channel 
of the Deep Draf t  Harbor. 
s t r u c t i n g  t h e  lagoons and marina has  been prepared w i t h  s p e c i a l  emphasis on 
t h e  nearshore environment of t h e  l imestone bench (01 Consul tants ,  Inc.  
1984). 
i n  t h i s  document. 
anecdotal  r e p o r t s  i n d i c a t e  t h a t  l a r g e  numbers of t u r t l e s  were f i s h e d  com- 
merc ia l ly  from nearshore waters extending from Barbers  Point northward t o  
Kahe Point  (Fig. 13) .  

An a n a l y s i s  of t he  b i o l o g i c a l  impacts of con- 

However,  green t u r t l e s  and t h e i r  forag ing  h a b i t a t  were n o t  covered 
In  t h e  pas t ,  from the  mid-1940's through t h e  1960's. 

Shorel ine surveys  shown i n  Table 1 made a t  West Beach during per iods 
of s u n r i s e  and sunse t  r e s u l t e d  i n  few t u r t l e s  (0-5) being s igh ted  each 
time. None sur faced  c l o s e  t o  t h e  l imestone bench, a l though fo rag ing  may 
have occurred t h e r e  p r i o r  t o  dawn when i t  w a s  too dark f o r  t u r t l e s  t o  be 
visible.  A s k i n  d iv ing  survey conducted on 2 Apri l  1985 i n  waters wi th in  
50 m of t he  bench revea led  cons iderable  s t r u c t u r a l  r e l i e f  to t he  bottom. 
There were numerous areas t h a t  appeared s u i t a b l e  f o r  t u r t l e s  t o  rest. but 
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no t u r t l e s  were seen. Similar bottom h a b i t a t  i s  r epor t ed  t o  e x i s t  f o r  up 
t o  500 m seaward i n  depths of 4-7 m. 

As found elsewhere,  t he  growth of P te roc lad ia  w a s  r e s t r i c t e d  t o  a very 
narrow zone immediately along t h e  l imestone bench. 
be used as food sources  by t u r t l e s  were not  present  w i t h i n  t h e  area sur- 
veyed. 
s i n k e r s  a t t ached  w e r e  commonly found tangled along the  bottom c l o s e  t o  
shore. 

Other a lgae  t h a t  might 

I t  i s  of i n t e r e s t  t o  n o t e  t h a t  masses of monofilament l i n e  w i t h  

This  d e b r i s  i l l u s t r a t e s  t h e  area's popu la r i ty  f o r  s h o r e l i n e  f i sh ing .  

On 8 August 1985 scuba d iv ing  w a s  conducted o f f  t he  e n t i r e  West Beach 
c o a s t l i n e  along t h e  18 m drop-off. 
t e r ed  t h a t  appeared s u i t a b l e  as  r e s t i n g  hab i t a t .  but no t u r t l e s  were seen, 
e i t h e r  underwater o r  a t  t h e  su r face .  
p l e n t i f u l  during similar searches  a long  the  drop-off t o  t h e  south  of t he  
Deep Dra f t  Harbor. Four t u r t l e s  were seen here  underwater, two of which 
were r e s t i n g  toge the r  i n  a l a r g e  cave. 
f r o n t  f l i p p e r .  A f i f t h  t u r t l e  w a s  seen  a t  the  su r face .  

Several  caves and ledges  were encoun- 

Po ten t i a l  r e s t i n g  sites were more 

One had a tumor on i ts  l e f t  eye and 

S i g n i f i c a n t  numbers of t u r t l e s  apparent ly  no longer  occur a long  West 
Beach and t h e  ad jacent  s h o r e l i n e  t o  t h e  south and north.  
o f fshore  r e s t i n g  areas and nearshore  forag ing  h a b i t a t  p re sen t ly  seem to  be 
i n t a c t  and available f o r  use. One area worth i n v e s t i g a t i n g  would be t o  
a s c e r t a i n  t h e  magnitude of p reda t ion  on t u r t l e s  by t i g e r  sharks  a long t h i s  
coas t l i ne .  Large sharks  are be l i eved  t o  be more abundant i n  the  Barbers  
Point area due t o  t h e i r  a t t r a c t i o n  t o  t anke r s  t h a t  anchor o f f shore  wh i l e  
de l ive r ing  o i l  t o  t he  nearby r e f i n e r y .  High preda t ion  by t i g e r  sha rks  
could be suppress ing  the  success fu l  recrui tment  r a t e  of small t u r t l e s  i n t o  
t h i s  ben th ic  c o a s t a l  h a b i t a t .  

However, both the  

Sandy Beach, Oahu 

Sandy Beach i s  a popular body s u r f i n g  and swimming s i te  loca ted  a t  
l a t .  21°17'N, long. 157O41'W on t h e  east end of Oahu along the  windswept 
K a i w i  Channel (Fig.  14).  The area is  p a r t  of a Ci ty  and County r eg iona l  
park. P r i o r  t o  t h e  opening of a c o a s t a l  road i n  1931. t h e  area was only 
a c c e s s i b l e  by f o o t  t r a i l  (Clark 1977). 
and o f t e n  has a dangerous shore  break  wi th  s t rong  o f f shore  cur ren ts .  
end of t h e  beach i s  bordered by rough lava t h a t  j u t s  i n t o  t h e  sea. 
underwater d i scharge  p ipe  f o r  a nearby sewage t rea tment  p l a n t  ex tends  500 m 
seaward nea r  t h e  no r th  end. S u r f e r s  p e r i o d i c a l l y  r epor t  s ee ing  t u r t l e s  o f f  
Sandy Beach, bu t  t h e  area i s  no t  known t o  h o s t  a s i g n i f i c a n t  aggregat ion,  
nor is t h e r e  a h i s t o r y  of such an occurrence.  

The sand beach i t s e l f  is  365 m long 
Each 

An 

The purpose of focusing a t t e n t i o n  on t h i s  s i t e  f o r  t he  p re sen t  s tudy 
w a s  t he  somewhat f o r t u i t o u s  observa t ions  made of two small t u r t l e s  forag ing  
c lose  t o  shore Over a 1-h period. On 16 May 1985, a t  1400. two 35-40 cm 
t u r t l e s  were watched as they repea ted ly  swam i n t o  t h e  i n t e r t i d a l  sp l a sh  
zone t o  reach a small patch of f a s c i a t a  growing on a rocky outcropping 
i n  the  sand. The l o c a t i o n  w a s  a t  t h e  nor th  end of t h e  beach where t h e  w a v e  
a c t i o n  c l o s e  t o  shore  i s  p a r t l y  buf fered  by t h e  ad jacen t  lava rock poin t .  
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A high t i d e  of 0.52 m (1.7 f t )  occurred a t  about t he  same time of t h e  
observat ions,  Numerous people were i n  t h e  v i c i n i t y  sunbathing, swimming, 
and r i d i n g  sur fboards  on s m a l l  waves a s h o r t  d i s t a n c e  from shore.  
of t h i s  a c t i v i t y ,  t he  t u r t l e s  p e r i o d i c a l l y  swam up t o  t h e  beach f o r  t h e  - Ulva whenever s u f f i c i e n t  depth r e s u l t e d  from incoming waves. Since t h i s  
small forag ing  s i te  w a s  exposed much of t h e  t i m e ,  i t  is l i k e l y  t h a t  t h e  
t u r t l e s  were a l s o  feeding on detached p ieces  s c a t t e r e d  along t h e  sand 
bottom. A t  no t i m e  d id  t h e  t u r t l e s  move more than  15 m from shore  o r  i n t o  
water over 1 m deep. The t u r t l e s  were highly v i s i b l e  w h i l e  a t  the  surface 
and a t t r a c t e d  t h e  a t t e n t i o n  of a number of people. 
d iv ing  gear  s tanding  i n  shallow water i n i t i a l l y  showed i n t e r e s t  i n  ca tch ing  
them by hand. However, no at tempt  w a s  c a r r i e d  out, probably due t o  t u r b i d  
water condi t ions  and t h e  a g i l i t y  of t h e  t u r t l e s .  

I n  s p i t e  

TWO men w i t h  s k i n  

These observa t ions  are  worth documenting because t h e  t u r t l e s  were very 
l i k e l y  neophyte r e c r u i t s  t o  c o a s t a l  h a b i t a t ,  poss ib ly  having only a r r i v e d  
from the  pe l ag ic  environment w i t h i n  t h e  pas t  day or  two. Their small s i z e ,  
boldness near  humans, and aggres s ive  forag ing  behavior  i n  t h e  middle of t h e  
day were s t rongly  suggest ive of t u r t l e s  i n  a famished state unaccustomed t o  
benth ic  h a b i t a t .  Previous observa t ions  of t h i s  n a t u r e  have not  been 
reported,  although the  recru i tment  of small t u r t l e s  t o  fo rag ing  pas tu re s  i n  
t h e  Hawaiian I s l a n d s  must  be a common, o r  a t  l eas t  a seasonal ,  occurrence.  
More work is needed t o  determine what a t t r i b u t e s  may a t t r a c t  small pe lag ic  
t u r t l e s  i n t o  a p a r t i c u l a r  benth ic  h a b i t a t  where t h e  c r i t i c a l  change from a 
carnivorous t o  a herbivorous d i e t  f i r s t  occurs.  Some important considera- 
t i o n s  would inc lude  f l u c t u a t i o n s  i n  d i s p e r s a l  p a t t e r n s  due t o  cu r ren t s .  
o l f ac to ry  cues emanating from fo rag ing  pas tu re s  such as from a lgae ,  t u r t l e s  
a l ready  i n  res idence  ( i . e . ,  from f e c a l  ma t t e r ) ,  and even freshwater  dis-  
charge t h a t  can sometimes be de t ec t ed  a t  t he  ocean s u r f a c e  many miles from 
shore. 
new r e c r u i t s  t o  preda t ion  from t i g e r  sharks  and humans. 

An a d d i t i o n a l  important f a c t o r  may be t h e  increased  v u l n e r a b i l i t y  of 

An understanding of what prompts t u r t l e s  t o  l i v e  i n  a p a r t i c u l a r  
foraging pas ture ,  and hou w e l l  they surv ive  soon a f t e r  arrival,  could have 
s i g n i f i c a n t  management impl ica t ions .  For example, a technique might then 
be developed t o  induce cap t ive  r e a r e d  (head-star ted)  t u r t l e s  t o  r e s i d e  i n  
t h e  area se l ec t ed  f o r  t h e i r  release. 

Honokowai i s  t h e  s i te  of a small r e s i d e n t i a l  and r e s o r t  community 
loca t ed  a t  l a t .  20°57'N, long. 156O42'W on the  west s i d e  of Maui (Fig. 15). 
Much of t h i s  c o a s t l i n e  from Lahaina through Kaanapali  and beyond Honokowai 
has  been developed i n t o  a major t o u r i s t  r e s o r t  area. The s h o r e l i n e  a t  
Honokowai c o n s i s t s  of a l o w  l imes tone  s h e l f  backed by a narrow s t r i p  of 
whi te  sand along Honokowai Beach Park. Apartment bu i ld ings  loca t ed  immedi- 
a t e l y  t o  t h e  no r th  of t he  beach park have a ser ies  of cement seawalls b u i l t  
a long t h e  water's edge. Clark (1980) r e p o r t s  t h a t  Honokawai means "bay f o r  
drawing water," and t h a t  t h i s  s i t e  w a s  a Hawaiian canoe landing  where 
freshwater  s p r i n g s  occurred. Some f reshwater  d i scha rge  may s t i l l  take 
place,  bu t  i t  w a s  no t  ev ident  dur ing  the  present  s tudy.  
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Surveys were conducted a t  Honokowai t o  follow up on s i g h t i n g  r epor t s  
received from Burgess Heacock, a t o u r i s t  who r e s i d e s  a t  the  beach-front 
Pikake Apartment during January and February of each year .  In  1984 and 
1985 he made counts  of t u r t l e s  i n  t h e  v i c i n i t y  of t h e  apartment each 
morning f o r  1-2 h fol lowing sunr i se .  The t u r t l e s  were mostly seen j u s t  
pas t  the  breakers  50-200 m from shore.  
t u r t l e s  were s igh ted  a t  o the r  times of t he  day. 
present  each morning ranged up t o  12. bu t  on most days i t  was 3-4 .  
censuses made by Heacock more r e c e n t l y  (January-February 1986) found t h a t  
probably no more than fou r  t u r t l e s  were present  on any one morning. 
most mornings (30 out of 48 days) no t u r t l e s  were s i g h t e d  a t  a l l .  This  
s u b s t a n t i a l  d e c l i n e  from the  previous  2 y e a r s  w a s  a t t r i b u t e d  by t h e  observer 
t o  f i r s t h a n d  r e p o r t s  of increased  numbers of the  t u r t l e s  being captured  i n  
t h e  area. 

With very  few except ions.  no 
The number es t imated  t o  be 

Similar  

During 

Observations made from shore i n  f r o n t  of t h e  apartment s h o r t l y  a f t e r  

Skin d iv ing  conducted ou t  t o  t h e  
sun r i se  on 11 Apr i l  1985 (Table 1) r e s u l t e d  i n  only two t u r t l e s  be ing  seen. 
both of which were beyond the  breakers .  
b reakers  on t h e  same morning revea led  dense growths of algae.  e s p e c i a l l y  
Codium spp.. Gelidium sp., Acanthophora. and P te roc lad ia  wi th  en tangled  - Ulva r e t i c u l a t a  o f t en  growing on it. The depth i n  most of t h i s  area was 
only 1.0-1.5 m. wi th  many ca lcareous  outcroppings covered wi th  P te roc lad ia  
exposed a t  low t i de .  The abundance of known food sources  t h a t  exists a t  
t h i s  s i te  i s  undoubtedly c o r r e l a t e d  t o  t h e  presence of t u r t l e s  previously 
seen by Heacock. 
f l a t  surveyed several hundred meters t o  t h e  no r th  and south.  

Algal growth w a s  s u b s t a n t i a l l y  l ess  on t h e  ad jacen t  reef  

Large outcroppings of l i v e  c o r a l  composed of P o r i t e s  l o b a t a  and E .  
compressa were found whi le  scuba d iv ing  ou t s ide  t h e  breakers  i n  depths  of 
7-9 m. 
cont inues seaward wi th  a gradual i nc rease  i n  depth and t h e  disappearance of 
cora l .  
l e n t  sites f o r  t u r t l e s  t o  r e s t .  p a r t i c u l a r l y  a long  t h e  undercut i n t e r f a c e s  
w i t h  the  sand bottom. However, no t u r t l e s  were seen during t h e  scuba 
surveys. w e n  though t h i s  zone i s  t h e  only l i k e l y  r e s t i n g  h a b i t a t  i n  t h e  
v i c i n i t y .  

A barren  sand bottom surrounds t h e s e  1-2 m high c o r a l  mounds and 

The s t r u c t u r a l  r e l i e f  provided by the  outcroppings a f f o r d s  excel- 

A number of i n t e r e s t i n g  enigmas exis t  f o r  t h e  Honokowai site. some of 
which may be resolved by f u t u r e  r e p o r t s  from Heacock. Addit ional  d iv ing  
surveys need t o  be undertaken. i f  and when t h e  number of t u r t l e s  r e t u r n s  t o  
t h e  levels seen by Heacock i n  January-February of 1984 and 1985. 

Haliko Bay. Xaui 

Maliko Bay. l oca t ed  on Maui's nor th  coas t  a t  l a t .  20°49'N, long. 
156O38'W, i s  a small narrow bay 100-250 m wide and 500 m long  w i t h  s t e e p  
rocky s i d e s  formed by the  Maliko Gulch (Fig. 16 ) .  The area is undeveloped 
except f o r  a cement boat ramp which is a c c e s s i b l e  by a d i r t  road l ead ing  
from the  nearby main coas t a l  highway. 
l edges  and c l i f f s .  and a water-worn boulder beach where t h e  Maliko Stream 
empties i n t o  t h e  bay. Clark (1980) states t h a t  l a r g e  n o r t h e r l y  waves can 

The s h o r e l i n e  c o n s i s t s  of b a s a l t  
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c r e a t e  powerful r i p  c u r r e n t s  a t  t h e  en t rance  t o  t h e  bay and t h a t  su r f  
sometimes breaks e n t i r e l y  ac ross  i t .  

Two recent  guidebooks f o r  r e c r e a t i o n a l  scuba d iv ing  i n  t h e  Hawaiian 
I s l ands  make re ference  t o  t u r t l e s  off  t h e  east s i d e  of t h e  en t r ance  t o  
Maliko Bay. Thorne (1983) mentions t h a t  " l o t s  of t u r t l e s "  can be found 
there .  wh i l e  Thorne and Z i t n i k  (1984) state  "look f o r  t h e  r e a l l y  deep 
crevafises. They're home f o r  a number of l a r g e  sea t u r t l e s  almost always 
seen  here. Some of them are so approachable. you can swim r i g h t  up and pet  
theml" This  l a t t e r  pub l i ca t ion  g ives  a good summary on t h e  p ro tec t ed  s t a t u s  
of t u r t l e s  under Federal  and s ta te  l a w ,  as w e l l  a s  o t h e r  f i s h e r y  r egu la t ions  
t h a t  should be known by d i v e r s  i n  t h e  Hawaiian I s lands .  In  con t r a s t .  
another  recent  guidebook f a i l s  t o  say t h a t  t u r t l e s  are l e g a l l y  p ro tec t ed  
even though it desc r ibes  i n  d e t a i l  where they can o f t e n  be found. and shows 
a scuba d i v e r  on t h e  f r o n t  cuver reaching f o r  a t u r t l e  (Hoffman 1984). 

The region a t  Maliko Bay descr ibed by Thorne and Z i t n i k  (1984) w a s  
examined on 3 May 1985 us ing  t h e  d ive  map shown i n  t h e i r  publ ica t ion .  ?tu0 
narrow underwater t e r r a c e s  were found i n s i d e  t h e  bay along t h e  east  s i d e  
where s t e e p  walls descend 10 m t o  t h e  sandy bottom of t h e  stream bed. The 
water near  t h e  su r face  was s u b s t a n t i a l l y  coo le r  due t o  t h e  stream's d is -  
charge and a l s o  probably from f reshwater  s p r i n g s  i n  t h e  area. Water was 
seen dr ipping  from c l i f f s  Over t h e  bay's en t rance  on t h e  w e s t  s i de .  

Extensive co ra l  cover e x i s t s  t o  about 9 m deep on t h e  numerous sub- 
merged l edges  and boulders  a long t h e  en t rance  on t h e  east s i d e  of t h e  bay 
and extending out t o  a c l u s t e r  of rocks awash j u s t  offshore.  From 9 m dawn 
t o  t h e  sand bottom a t  20 m t h e  boulders  and rock c l i f f s  are mostly barren. 
Four t u r t l e s  were seen on t h e  scuba survey. a l l  of which w e r e  o u t s i d e  t h e  
bay along t h e  base and w a l l s  of t h e  o f f shore  rocks. Three were 55-65 cm. 
and one was i d e n t i f i e d  as  a male 75-85 cm. The l a t t e r  t u r t l e  w a s  r e s t i n g  
i n  one of t h e  deep f i s s u r e s  mentioned by Thorne and Z i t n i k  (1984). 
o t h e r  t h r e e  were swimming s l m l y  away along t h e  c l i f f  f a c e  as t h e  d i v e r s  
approached. Surface weather condi t ions  and o t h e r  c o n s t r a i n t s  d id  not  permit 
an exhaust ive search  of t h e  area.  It w a s  es t imated  t h a t  about h a l f  of t h e  
a v a i l a b l e  h a b i t a t  was seen. Hawever. w i t h i n  t h i s  l i m i t e d  space t h e r e  
appeared t o  be numerous si tes i d e a l l y  s u i t e d  f o r  t u r t l e s  t o  rest. 

The 

During both t h e  scuba survey, and s k i n  d iv ing  done ear l ie r  on 12 April. 
t h e  only apparent a l g a l  food source f o r  t u r t l e s  w a s  P te roc lad ia .  
present  near  t h e  en t rance  on t h e  east s i d e  of t h e  bay immediately above t h e  
t u r t l e s '  r e s t i n g  areas. However, most of t h e  l edges  i n  t h e  i n t e r t i d a l  zone 
on t h e  w e s t  s i d e  of t h e  bay had ve ry  dense growths of t h i s  a lga .  Large 
q u a n t i t i e s  of forage  were t h e r e f o r e  a v a i l a b l e  i n  proximity t o  t h e  t u r t l e s ,  
al though i t s  a c c e s s i b i l i t y  could become r e s t r i c t e d  a t  times dur ing  t h e  
w i n t e r  month8 by nor ther ly  s u r f .  

None was 

Olowalu, Maui 

Olowalu, l oca t ed  a t  l a t .  2O049'NS long. 156O38'W. on t h e  southwest 
s i d e  of Maui i s  a coas t a l  area comprised mainly of sugarcane f i e l d s  and a 
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prominent of fshore  reef  (Fig. 17). The main highway between Lahaina and 
Kahului passes  through here .  The r u i n s  of a former sugar  m i l l  and wharf 
f a c i l i t y  e x i s t  near  the  nor thern  end of t h e  r e e f .  The nearshore area of 
t h e  Olcwalu reef  on t h e  e a s t  s i d e  of Hek i l i  Point i s  e a s i l y  a s s e s s i b l e  from 
shore  and is a popular p l a c e  f o r  s k i n  d i v e r s  and beginning scuba d ive r s .  
Both Thorne and Z i t n i k  (1984) and Church and Church (1985) mention t h a t  
t u r t l e s  are among t h e  marine l i f e  seen there .  

In t h e  p a s t ,  l a r g e  t u r t l e s  were repor ted  t o  have been commercially 
captured by scuba d iv ing  a t  t h e  15-18 m drop-off a long  t h e  seaward edge of 
t h e  Olowalu r ee f .  
s a i d  t h a t  many t u r t l e s  prev ious ly  occurred along here .  Capture methods 
whi le  d iv ing  included t h e  use of a noose and gaf f  t o  r e s t r a i n  and haul  
t u r t l e s  t o  t h e  sur face ,  or a bangs t ick  (underwater f i rearm)  t o  d i spa tch  
them. However, long be fo re  t h e  a v a i l a b i l i t y  of scuba i n  t h e  Hawaiian 
I s l ands ,  "several tons" of t u r t l e  were being caught each day for t h e  
Honolulu market by r e s i d e n t  Japanese fishermen us ing  l a r g e  n e t s  and d iv ing  
along Maui's southwest coas t  (Anon, 1918). 

One l o c a l  r e s i d e n t ,  who w a s  involved i n  t h i s  f i s h e r y ,  

Scuba surveys were made on 8 May 1985 on t h e  w e s t  s i d e  of Olawalu 
r ee f ,  s t a r t i n g  i n  water 6 m deep and proceeding out and along t h e  15-18 m 
contour l i n e ,  Only one t u r t l e  w a s  seen dur ing  3 man-hours of diving.  It 
w a s  es t imated  t o  be 45-55 c m  and, when f i r s t  s igh ted ,  w a s  r e s t i n g  on t h e  
bottom on a mound of co ra l  deb r i s .  

A major f e a t u r e  of t h e  r ee f  t o  the  southeas t  of Olowalu wliarf (Fig.  
17) w a s  t h e  s c a r c i t y  of l i v e  co ra l .  Many canyons c o n s i s t i n g  of sand chan- 
n e l s  and ca lcareous  r i d g e s  were present .  However, t h e  dominant P o r i t e s  
spp. c o r a l s  were mostly dead and f r ac tu red .  "here were very  few p laces  i n  

, which t h e  s t r u c t u r a l  r e l i e f  had not  co l lapsed  and ruined t h e  undercuts  and 
l edges  favored by t u r t l e s  for r e s t i n g .  This damage had l i k e l y  r e s u l t e d  
from a l a r g e  storm, poss ib ly  Hurricane I w a  i n  November 1982. V i r t u a l l y  
t h e  only a lga  seen i n  t h i s  area w a s  Liagora papenfuss i ,  which i s  not  a 
known food source for t u r t l e s .  

The region d i r e c t l y  south and t o  t h e  east of t h e  wharf cons i s t ed  mainly 
of hard,  smooth bottom having a moderate seaward s l o p e  and no d i s c r e t e  drop- 
o f f .  
11-14 m. 

a y r i d i a  f i lamentosa  w a s  commonly growing on t h e  bottom a t  depths  of 

Keoruba.  Lanai 

Keomuku i s  t h e  name of a deser ted  v i l l a g e  and c o a s t a l  area l o c a t e d  a t  
l a t .  20°51'N, long. 156O5O'W on t h e  nor theas t  s i d e  of Lanai (Pig. 18). A 
sugarcane p l a n t a t i o n  w a s  s t a r t e d  t h e r e  i n  1899, but  was abandoned 2 y e a r s  
l a t e r  due t o  a plague epidemic and freshwater  i r r i g a t i o n  w e l l s  t h a t  tu rned  
brackish.  The only land access t o  t h e  area i s  by d i r t  road i n  a four-wheel 
d r i v e  v e h i c l e  t r a v e l i n g  20 km from Lanai City,  l oca t ed  i n  the c e n t e r  of t h e  
i s l and .  
where a pineapple  p l a n t a t i o n  has  been centered s i n c e  t h e  1920's. 

Nearly a l l  of t h e  i s l a n d ' s  2,500 i n h a b i t a n t s  l i ve  i n  Lanai Ci ty  
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The shore l ine  a t  Keomuku c o n s i s t s  of a narrow te r r igenous  sand beach 
backed by t h i c k  kiawe and mountain s lopes.  A shallow and mostly s i l t - l aden  
reef  f l a t  400-800 m wide borders  t h e  region and ex tends  almost continuously 
f o r  22 km from Halepalaoa through Keomuku t o  Pol ihua on t h e  i s l a n d ' s  north- 
w e s t  shore  (Figs.  18, 19, and 20). According t o  Clark (1980) - 150 m of new 
land  has  accrued i n  f r o n t  of t h e  o ld  v i l l a g e  s i n c e  1935 due t o  s o i l  runoff 
from the  severe e ros ion  a f f e c t i n g  much of t he  i s l a n d .  "he remains of two 
Hawaiian f ishponds (Waiopae and Kaa Ponds) are l o c a t e d  near  here. 

During t h e  1960's and e a r l y  1970's t u r t l e s  were in t ens ive ly  captured 
of f  the  Keamuku ree f  by commercial fishermen from Maui. The Auau Channel, 
which s e p a r a t e s  Lanai from Msui by only 13 km, is s u b s t a n t i a l l y  pro tec ted  
from s t rong  tradewinds and t h e r e f o r e  usua l ly  calm enough t o  c ros s  i n  a 
s m a l l  boat.  
south shores  are a c c e s s i b l e  by t h i s  route .  I n  add i t ion ,  when t h e  t rade-  
winds are absent ,  t h e  r e e f s  o f f  t h e  e n t i r e  remote nor thern  coas t  of Lanai 
are  a l s o  a c c e s s i b l e  by boa t  from Maui as well as Molokai. The methods 
used t o  ca tch  t u r t l e s  o f f  Keomuku i n  t h e  pas t  cons i s t ed  of scuba d iv ing  
w i t h  a noose, gaf f ,  or  powerhead. Most of t he  t u r t l e s  taken here  w e r e  so ld  
t o  r e s t a u r a n t s  on Maui and Oahu t h a t  ca te red  t o  t h e  t o u r i s t  t r ade .  

Most of Lanai ' s  remote coas t a l  wa te r s  a long t h e  east and 

Keomuku is  cu r ren t ly  a popular d e s t i n a t i o n  f o r  d ive  c h a r t e r s  o r ig ina t -  
ing  from a c r o s s  t h e  channel a t  Lahaina. T u r t l e s  p lay  a prominent r o l e  i n  
some of t hese  t o u r s  with d ive  shops naming and a d v e r t i s i n g  such si tes as 
"Tur t le  Heaven" and "Turt le  Town" (Church and Church 1985). Reports have 
been made by d ive  shop personnel of up t o  30 t u r t l e s  (mostly s m a l l  ones) 
being seen a t  c e r t a i n  locat- ions dur ing  a 40-50 min scuba dive.  Descrip- 
t i o n s  of t h e  t u r t l e s '  behavior suggest  t h a t  c leaning  s t a t i o n s  may be 
involved i n  some of these  s i g h t i n g s .  
Keomuku and former sugar p l a n t a t i o n  landing,  t he  en t rance  channel has  
r ecen t ly  been c l ea red  of co ra l  heads and a small p i e r  cons t ruc ted  f o r  
tour i s t s  t o  go ashore.  

A t  Halepalaoa, t he  southern  l i m i t  of 

The seaward edge of t he  f r i n g i n g  reef  a long Keomuku w a s  examined by 
scuba and s k i n  d iv ing  on 4 and 6 May 1985 using a Zodiac t o  reach  t h e  area 
from Maui. No surveys were made inshore  on t h e  shal low reef  f l a t .  Along 
t h e  s e c t i o n  of f r i n g i n g  reef  des igna ted  as T u r t l e  Heaven f r o n t i n g  t h e  old 
v i l l a g e  (Pig. 181, seven t u r t l e s  were seen and t h r e e  o t h e r s  captured  during 
4 man-hours of scuba d iv ing  (Table 28). The seawater  temperature  w a s  25OC. 
A l l  size classes appeared t o  be represented  i n  t h e  sample of 10 t u r t l e s .  
The l a r g e s t  t u r t l e  captured was 76 cm, but  a l a r g e r  one be l ieved  t o  be >82 
cm w a s  seen near  t h e  bottom of t h e  drop-off a t  18 m. 

The t h r e e  t u r t l e s  captured were r e s t i n g  under outcroppings of l i v e  
co ra l  i n  narrow sand channels 2-4 m wide which descend r ap id ly  from the  
ou te r  reef edge t o  the  drop-off. 
coral outcroppings of Montipora d i l i t o t a .  The p r e f e r r e d  r e s t i n g  s i t e s  
appeared t o  be between 8 and 13 m deep. 
cover and s t r u c t u r a l  r e l i e f  occur throughout t h i s  e n t i r e  zone. However. a t  
the  base of t h e  drop-off the  bottom c o n s i s t s  of f e a t u r e l e s s  rubb le  and 
sand. 

Many such channels  exis t  a long he re  wi th  

A high percentage of l ive  co ra l  
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A f o u r t h  t u r t l e  (52 cm) was captured and f i v e  o t h e r s  seen, a l l  45-55 cm, 
w h i l e  s k i n  diving i n  water 6 m deep j u s t  no r th  of Halepalaoa where t h e  
f r i n g i n g  reef  starts. 
dozen surgeonfish,  ,A. sandvicensus,  bu t  no c leaning  symbiosis was evident .  

One t u r t l e  was swimming slowly i n  a school of several 

Stomach samples taken from two t u r t l e s  were comprised almost e n t i r e l y  
of Amansia (Table 29). Five o the r  s p e c i e s  of a lgae ,  inc luding  Acanthopora, 
occurred i n  only trace amounts. 

'!ho 39 cm t u r t l e s  were found washed ashore  a t  Keomuku a t  about  the  
same time the  d iv ing  surveys were conducted. One w a s  dead and t h e  o ther  
was bare ly  a l ive but  d ied  t h e  fol lowing say. 
f rozen  t o  Honolulu by personnel of the  S t a t e  of H a w a i i  Div is ion  of 
Conservation and Resources Enforcement. A necropsy examination was 
subsequently conducted, bu t  t he  cause of dea th  could not  be determined. 
One t u r t l e  had been feeding  almost e n t i r e l y  on Acanthophora (Table  29). 
The stomach of t h e  o ther  t u r t l e  contained numerous p a r t i a l l y  d iges t ed  
p ieces  of t he  f i l e f i s h ,  Pervagor spilosoma. In  c o n t r a s t ,  t h i s  same 
t u r t l e ' s  i n t e s t i n e s  were f i l l e d  w i t h  Amansia bu t  only had small amounts 
of f i s h  bones. 
waters, o f t e n  accompanied by mass d ie -of fs  and many f i s h  washing ashore.  
During t h e  present  study 2.  spilosoma was commonly seen whi le  scuba diving. 
I n  s p i t e  of t h e i r  herbivorous na tu re  i n  ben th ic  h a b i t a t ,  green t u r t l e s ,  
e s p e c i a l l y  small ones,  w i l l  feed on animal material i f  it becomes r e a d i l y  
ava i l ab le .  This undoubtedly happened i n  the  case a t  Keomuku, a l though i t  
i s  unknown i f  t h e  i n g e s t i o n  of f i l e f i s h  was r e l a t e d  t o  t h e  t u r t l e ' s  death. 

The t u r t l e s  were shipped 

Large numbers of 2. spilosoma occur c y c l i c a l l y  i n  Hawaiian 

The only a l g a l  food source loca ted  along t h e  outer  s lope  of t h e  
f r i n g i n g  reef  w a s  Amansia. 
i n  abundance growing mostly i n  shaaed crevices 4-6 m deep. 
p l a n t s  were covered wi th  a f i n e  l a y e r  of s i l t .  

In  f r o n t  of t he  o l d  v i l l a g e  i t  was p resen t  
Many of t hese  

Kuahua. Lanai 

Kuahua is a small poin t  of l and  on t h e  wind swept nor thern  coas t  of 
Lanai  a t  l a t .  20°55'N, long. 156O55'W along what i s  known as Shipwreck 
Beach (Fig.  19) .  
sho re  and is a con t inua t ion  of the  one bordering Keomuku. The s h o r e l i n e  
i s  cha rac t e r i aed  by outcroppings of b a s a l t  and l imestone,  t e r r igenous  sand 
beaches, and kiawe. As t h e  name Shipwreck Beach implies ,  numerous vessels 
have grounded i n  t h e  v i c i n i t y  da t ing  back t o  t h e  1820's. Clark (1980) 
r e p o r t s  t h a t ,  i n  a d d i t i o n  t o  maritime acc idents ,  many of t h e s e  wrecks 
r e s u l t e d  from the  d e l i b e r a t e  d i sposa l  of unwanted vessels. Another source 
of t h i s  coas t a l  d e b r i s  comes from high seas flotsam being funneled towards 
nor thern  Lanai by cu r ren t s  and s t r o n g  tradewinds pass ing  through t h e  
narrow P a i l o l o  Channel which s e p a r a t e s  Maui and Molokai (Pig. 19). This 
s a m e  pathway may a l s o  play an important r o l e  i n  t r a n s p o r t i n g  p e l a g i c  
t u r t l e s  i n t o  the  coas t a l  ben th ic  h a b i t a t s  of nor thern  and e a s t e r n  Lanai 
and the  south  shore of Molokai. 

The f r i n g i n g  r ee f  here  extends f o r  up t o  500 m from 
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The most prominent shipwreck v i s i b l e  a long  nor thern  Lanai ( o r  anywhere 
else i n  t h e  Hawaiian I s l ands )  is  ca. 75 m t r a n s p o r t  v e s s e l  t h a t  grounded on 
t h e  reef i n  1960 on t h e  east s i d e  of Kuahua. A d i r t  road ends nearby a t  a 
small c l u s t e r  of beach shacks c a l l e d  Federa t ion  Camp. These dwel l ings  are 
used by r e s i d e n t s  of Lanai  City on weekends and hol idays  f o r  r e c r e a t i o n  and 
f i sh ing .  
munity, repor ted ly  using lumber salvaged from a shipwreck during t h e  1950's. 

They were b u i l t  by members of t h e  i s l a n d ' s  l a r g e  F i l i p i n o  com- 

The reef  between Kuahua and Federa t ion  Camp, a d i s t ance  of about 1 km, 
i s  repor ted  t o  be an  area where t u r t l e s  r e g u l a r l y  occur. According t o  some 
r e s i d e n t s  t h i s  s i t e  i s  second i n  importance only t o  Keomuku as a place where 
t u r t l e s  can be found on Lanai.  G i l l  n e t s  se t  on t h e  reef  a t  both l o c a t i o n s  
are knmn t o  ca tch  and drown small t u r t l e s .  I n  addi t ion ,  it i s  not  uncommon 
f o r  sk in  d i v e r s  from Federa t ion  Camp t o  encounter  t u r t l e s  wh i l e  spea r  f i sh -  
ing. A woman interviewed complained t h a t  when f i s h i n g  from shore  near  
Federat ion Camp t u r t l e s  sometimes t ake  b a i t  from he r  l i n e .  

Observations made from shore between Kuahua and Federa t ion  Camp on 10- 
1 2  J u l y  1985 revealed t h e  presence of t u r t l e s  f eed ing  i n  t h e  l a t e  af te rnoon 
through sunset .  A l l  of t h e  t u r t l e s  were w i t h i n  30 m of l and  i n  water 0.4- 
1.5 m deep, and m o s t  appeared t o  be small (35-55 cm). The g r e a t e s t  number 
s igh ted  during an observa t ion  per iod  was es t imated  t o  be 11. 

'!Avo of fou r  t u r t l e s  seen feeding  w i t h i n  2 m of shore i n  water only 0.4 m 
deep were hand-captured a t  1830 on 11 J u l y  (Table 281. Algae c o l l e c t e d  
from t h e i r  mouths were i d e n t i f i e d  as mostly Acanthophora, Ulva f a s c i a t a ,  
and Hypnea musciformis, t h e  r ecen t ly  introduced a l g a  from F l o r i d a  (Table 
29).  The t u r t l e s '  fo rag ing  s i t e  was confined t o  a r e l a t i v e l y  small area 
adjacent  t o  a low l imes tone  bench bordering t h e  sho re l ine  i n  t h e  i n t e r t i d a l  
sp l a sh  zone. 
bench. Bees were a t t r a c t e d  t o  t h e  water, and t h e  t r a c k s  of deer  and b i r d s  
were present  around it. Fecal  matter from t h e s e  animals may provide added 
f e r t i l i z e r s  f o r  t h e  nearby algae.  Enteromorpha tubulsa ,  a b r i g h t  green 
a l g a  present  on t h e  e leva ted  po r t ions  of t h e  l imes tone  bench. would a l s o  be 
a 1 ike ly  bene f i c i a ry  . 

Small seeps of f r e s h  water occurred i n  t h e  sand behind t h i s  

Benthic  a lgae  were seen  i n  abundance throughout most of t h e  reef  whi le  
s k i n  d iv ing  i n s i d e  t h e  b reake r s  i n  depths <3 m. 
shore forag ing  site. t h e  a l g a e  cons i s t ed  of Dic tyota  acuteloba, Spyr id ia  
f i lamentosa,  Lyngbya majucula. Laurencia  sp., and Nemalion sp. Some l ive  
c o r a l s  were present ,  bu t  t h e  bottom was comprised mostly of ca lcareous  
rock, rubble, and f i n e  sediments from c o a s t a l  run-off. Two t u r t l e s  were 
seen underwater, both of which were 35-45 cm. They were r e s t i n g  on t h e  
bottom at  a depth of 4.5 m j u s t  o u t s i d e  t h e  b reake r s  about 30 m w e s t  of 
t h e  grounded vesse l .  

However. un l ike  t h e  near- 

Polihua Beach, L a n a i  

Polihua Beach i s  l o c a t e d  on t h e  northwest shore  of Lanai  a t  lat .  
20°55'N, long. 157°03fW, about 20 km ac ross  t h e  Kalohi Channel from Palaau 
on Molokai. The beach i s  1 .8  km long, up t o  100 m wide, and composed of 
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whi te  and brownish sand w i t h  r edd i sh  areas caused by the  run-off of f i n e  
t e r r igenous  material. 
of basa l t .  There i s  no p r o t e c t i v e  reef  and s t r o n g  o f f shore  c u r r e n t s  are 
reported t o  exist  throughout t h e  y e a r  (Clark 1980). 
t i o n  growing behind the  beach i s  kiawe. 
t i m e  and g u s t s  f r equen t ly  p ick  up clouds of s t i n g i n g  sand. Dunes estimates 
t o  be 10-15 m high e x i s t  w i t h i n  t h e  vege ta t ion  zone a t  t h e  east end of t h e  
beach. Access t o  Polihua i s  by four-wheel d r i v e  v e h i c l e  Over a d i r t  road 
leading  18 km from Lanai City. 

The east and w e s t  ends are bordered by outcroppings 

The dominant vegeta- 
Strong tradewinds occur much of t h e  

Pol ihua Beach i s  t h e  only s i te  i n  t h e  main Hawaiian I s l ands  w i t h  a 
well-documented h i s t o r y  of nes t ing  by green t u r t l e s .  It i s  a l s o  t h e  only 
loca t ion  where t h e  t r a d i t i o n a l  Hawaiian place-name is  d e s c r i p t i v e  of eggs 
on a beach (Pol ihua means l i t e r a l l y  "eggs i n  bosom." Pukui e t  al. 1976). 
The a v a i l a b l e  information i n d i c a t e s  t h a t  Polihua w a s  an important breeding 
site f o r  t h e  green t u r t l e  u n t i l  t h e  l a te  1800's o r  e a r l y  l 9 O O ' s .  Since then 
very  l i t t l e  n e s t i n g  has  been r epor t ed  t o  occur the re .  The e x i s t i n g  knowl- 
edge covering t h e  h i s t o r i c a l ,  cu l tu ra l .  and eco log ica l  a spec t s  of t u r t l e s  a t  
Polihua have r ecen t ly  been summarized i n  Balazs  (1985a). S i x  cases of 
poss ib le  nes t ing  s i n c e  1954 were i d e n t i f i e d  based on p r i o r  i n t e rv i ews  and 
correspondence w i t h  r e s i d e n t s  who had v i s i t e d  t h e  beach f o r  f i s h i n g  and 
camping. 

An i n spec t ion  of Polihua was made on 8-10 J u l y  1985. s i n c e  any nes t ing  
t ak ing  p l a c e  would be most l i k e l y  t o  occur during June  and Ju ly ,  
of previous n e s t i n g  were detected.  and no t u r t l e s  came ashore  dur ing  compre- 
hensive beach p a t r o l s  made on two consecut ive n ights .  
u s e  of t h e  area w a s  noted. inc luding  v e h i c l e  tracks along t h e  beach, rubbish 
a t  numerous camping s i t e s .  and t h e  butchered remains of a deer. 
t ion.  a 7-m Zodiac from Maui passed c l o s e  t o  t h e  beach t ak ing  t o u r i s t s  on a 
s igh t see ing  t r i p  around Lanai. Ea r l i e r  r e p o r t s  i nd ica t ed  t h a t  a h e l i c o p t e r  
t o u r  service w a s  p e r i o d i c a l l y  l and ing  a t  Polihua. bu t  no w i d e n c e  of t h i s  
was found. 

No s i g n s  

Considerable human 

I n  addi- 

The beach environment a t  Pol ihua is  heavi ly  inf luenced  by sedimenta- 
t ion.  much of which comes from runoff  down t h e  s t e e p  d i r t  access road 
bulldozed some y e a r s  ago. Adjacent gulches a l s o  t r a n s p o r t  s o i l  from t h e  
severe ly  eroded upper s l o p e s  dur ing  heavy ra in .  Several  s i tes a long  t h e  
beach w i t h i n  25 m of t h e  v e g e t a t i o n  l i n e  were covered wi th  ooze as w e l l  as 
dried.  cracked depos i t s  of mud. The r o o t s  of kiawe trees a l s o  a f f e c t  t h i s  
upper beach zone where t u r t l e s  would be expected t o  nest .  A dense network 
of roo t s  w a s  o f t e n  present. bo th  underground and along t h e  surface.  forming 
a b a r r i e r  t h a t  would be d i f f i c u l t  f o r  a nes t ing  t u r t l e  t o  pene t ra te .  

Many people con t r ibu ted  t o  t h e  success fu l  accomplishment of t h i s  pro- 
j e c t .  
Universi ty .  The n u t r i e n t  and mineral  compositon of a lgae  w a s  determined 
by Stanley I s h i z a k i  of t h e  Feed and Forage Analyses Program. Univers i ty  of 
H a w a i i .  I n v e r t e b r a t e s  were i d e n t i f i e d  by W i l l i a m  Cooke of t h e  H a w a i i  

Algae samples were i d e n t i f i e d  by Dennis Russe l l  of S e a t t l e  P a c i f i c  
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I n s t i t u t e  of Marine Biology. Grant Stemmerman conducted t h e  h i s t o l o g i c a l  
a n a l y s i s  on t i s s u e  from t h e  t u r t l e  a t  Kawela Bay. 
fol lowing companies, agencies. and ind iv idua l s  are a l s o  apprec i a t ed  and 
g r a t e f u l l y  acknowledged: Maui E l e c t r i c  Company. Captain Nemo's Dive Shop. 
Central  P a c i f i c  Divers. Lahaina Divers, Aloha Dive Shop, S t a t e  of Hawaii 
Divis ion of Conservation and Resources Enforcement, S t a t e  of H a w a i i  Div is ion  
of Aquatic Resources, Roger Allen,  Tim Aardrup, P e t r o n e l l a  Bicoy. Barry 
Blomfield,  Alvin Boteilho. Richard Brock. Steven Coles. Pe te r  Connally, 
Skippy Hau, Burgess Heacock, Earl  H e l m .  Don Ha. Ziegf r i ed  Hocajo. James 
Hoffman, Laura Johnson. Terry Kahaliano, Edward and Diane Medeiros. Robert 
Moncrief, Lindsay Pollack. Arthur Pua, W i l l i a m  Puleloa.  B l a i n  Roberts,  
Sharon Spurl ing,  Rene Sylva, Regina Thorne, Terry and Norman Walker, G. 
Causey Whittow, George Yanagi. Jim Yarbough. and Steve Young. 

The a s s i s t a n c e  of t h e  

The permission t o  cap tu re  and t a g  green t u r t l e s  f o r  t h i s  s tudy  w a s  
allowed under S c i e n t i f i c  Co l l ec t ing  P e r m i t s  85-05 and 86-07 i s sued  by the  
Department of Land and Natural  Resources of the  State of H a w a i i .  
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Table 1.--Summary of f i e l d  s t u d i e s .  

No. of t u r t l e s  
captured (when 

a t  tempted) 
No. of 

Date 1985 personnel A c t  i v  it y Tota l  Recoveries 

Kavela Bay, Oahu 

22 Feb. 

13 Mar. 

19 Mar. 

26-28 Mar. 

4 Apr. 

8-9 Apr . 
15-16 Apr. 

14 June 

25 June 

27-28 June 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

Diurnal obse rva t iona l  surveys 
from shore and in t e rv i ews  w i t h  
l o c a l  r e s i d e n t s .  

Diurnal s k i n  d i v i n g  survey. 

Observational surveys from shore  
during predawn and morning hours. 

Nocturnal sampling w i t h  t a n g l e  
n e t s  se t  a t  t h e  west end of t h e  
bay. Diurnal s k i n  d iv ing  survey. 

Diurnal s k i n  d iv ing  survey, 
i nc lud ing  nearshore  wa te r s  
1 km t o  t h e  w e s t  of Kawela Bay. 

Nocturnal sampling w i t h  t ang le  n e t s  
set a t  t h e  east  end of the  bay. 

Nocturnal sampling w i t h  t ang le  n e t s  
se t  a t  t h e  w e s t  end of t he  bay. 
Blood samples co l l ec t ed .  Diurnal 
s k i n  d i v i n g  survey. 

Diurnal scuba surveys from an 
i n f l a t a b l e  boat t o  a depth of 
15.2 m (50 f t )  involv ing  4 man- 
hours of bottom t i m e .  

Diurnal scuba surveys from an 
i n f l a t a b l e  boa t  t o  a depth of 
24.4 m (80  f t )  involv ing  3.5 
man-hours of bot tom time. 
St  anach sample co l l ec t ed .  

Nocturnal sampling wi th  t a n g l e  
n e t s  set a t  t h e  west end of t h e  
bay. Blood, bone biopsy, and 
s tanach  samples co l l ec t ed .  Deep- 
body temperatures recorded. 
Diurnal s k i n  d iv ing  survey. 

19 0 

6 1 

-- 

1 0 

5 0 
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Table 1.--Continued. 

No. of 
Date 1985 personnel Ac t iv i ty  

No. of t u r t l e s  
captured  (when 

a t  tempted) 

Tota l  Recoveries 

2-3 Ju ly  3 

15 Oct. 2 

18 O c t .  2 

20 Nav. 1 

(20 days) 

22-26 Apr. 

21-24 May 

2 

2 

2 8  May- 2 
3 June 

16-19 Ju ly  2 

(20 days) 

Nocturnal sampling with t ang le  
n e t s  se t  a t  t h e  wes t  end of t h e  
bay. Blood, bone biopsy, and 
stomach samples co l lec ted .  Deep- 
body temperatures  recorded. 
Diurnal s k i n  d iv ing  survey. . 5  0 

Observational surveys from shore  
during predawn and morning hours. -- -- 

Observational surveys from shore  
during predawn and morning hours.  -- -- 

Observational surveys from shore 
dur ing  predawn and morning hours. -- 

Subtot a1 37 

Palaau. I¶olokai 

Extensive sampling wi th  bul lpen 
n e t  in cooperat ion wi th  a l o c a l  
commercial fisherman. Blood 
and stomach samples co l l ec t ed .  
Diurnal s k i n  d iv ing  surveys. 

Diurnal scuba and s k i n  d iv ing  
surveys using an i n f l a t a b l e  
boa t ,  Blood, bone biopsy, and 
stomach sampl e c ol 1 ec ted . 
Diurnal sk in  d i v i n g  and scuba 
surveys from shore  and using 
an i n f l a t a b l e  boat .  Blood and 
stomach sample co l l ec t ed .  

Extensive sampling wi th  bul lpen 
n e t  i n  cooperat ion wi th  a l o c a l  
commercial f isherman. Blood and 
stomach samples co l l ec t ed .  

Subtotal  

50 

1 

3 

85 

13 9 

4 

0 

0 

5 

9 
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Table 1.--Continued. 

No. of 
Date 1985 personnel 

No. of t u r t l e s  
captured (when 

a t  tempted) 

Ac t iv i ty  Tota l  Recoveries 

Kahului Bay, Haui 

10-12 Apr. 2 Nocturnal census and obse rva t iona l  
s t u d i e s  ‘from shore a t  w a r m w a t e r  
o u t f a l l  of t he  Maui E l e c t r i c  P lan t .  
Diurnal s k i n  d iv ing  survey. -- 

1-10 May 

17-21 June  

(20 days) 

Nocturnal census and observa t iona l  
s t u d i e s  from shore a t  warmwater 
o u t f a l l .  One n i g h t  of sampling w i t h  
t a n g l e  n e t s .  
sample c o l l e c t e d .  Nocturnal s k i n  
d iv ing  surveys.  Diurnal scuba ( t o  
19.8 m (65 f t ) )  and sk in  d iv ing  
surveys us ing  an i n f l a t a b l e  boat. 

Bone biopsy and stomach 

1 0 

Nocturnal sampling w i t h  t ang le  n e t s  
a t  warmwater o u t f a l l .  Diurnal and 
noc turna l  s k i n  d iv ing  surveys. 
Nocturnal census and observa t iona l  , 

s t u d i e s  from shore .  Bone biopsy, 
stomach, and blood samples c o l l e c t e d .  
Deep-body temperatures recorded. 9 

Sub t o t a l  10 

Maunalua B a y ,  Oahu 

30 Apr. 3 Diurnal scuba surveys t o  a depth of 
7.6 m (25 f t )  involv ing  3 man-hours 
of bottom time. Stomach sample 
c o l l e c t e d .  1 0 

15 May 3 Diurnal scuba surveys  t o  a depth of 
10.7 m (35 f t )  involv ing  3 man-hours 
of bottom t i m e .  Blood, bone biopsy, 
and stomach samples co l l ec t ed .  2 0 
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Table 1.--Continued. 

No. of t u r t l e s  
captured (when 

a t  tempted) 
No. of 

Date 1985 personnel A c t i v i t y  Total  Recoveries 

12  Mar. 3 

20 Mar. 3 

2 Apr. 3 

24 Apr. 1 

11 June  1 

8 Aug. 4 

16 May 3 

11 Apr. 

2 May 

10 May 

2 

3 

3 

West Beach. Oahu 

Diurnal obse rva t iona l  surveys from 
shore. 

Observational surveys from shore 
during predawn and morning hours. 

Observational surveys from shore 
dur ing  predawn and morning hours. 
Diurnal s k i n  d i v i n g  survey. 

Observational surveys  from shore 
dur ing  l a t e  a f t e rnoon  and sunse t  
per iods .  -- 

-- B r i e f  aer ia l  survey and photography. 

Diurnal scuba surveys  t o  a depth of 
18.3 m (60 f t )  i nvo lv ing  3.2 man- 
hours of bottom time. 

Sandy Beach. Oahu 

Diurnal obse rva t iona l  surveys from 
shore. 

Honokowai, Maui 

Observational surveys  from shore  
dur ing  e a r l y  morning hours . 
s k i n  d i v i n g  surveys.  

Diurnal -- 

Diurnal scuba survey from an 
i n f l a t a b l e  boa t  t o  a depth of 7.6 m 
(25 f t )  involv ing  1 man-hour of 
bottom time. -- 

Diurnal scuba surveys  from an 
i n f l a t a b l e  boa t  t o  a depth of 
12.2 m (40 f t )  involv ing  2 man- 
hours of bottom t i m e .  _- 
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Table 1.--Continued. 

No. of t u r t l e s  
captured (when 

a t  tempted) 
No. of 

Date 1985 personnel Ac t iv i ty  Tota l  Recoveries 

Maliko Bay, Maui 

12 Apr. 2 Diurnal s k i n  d iv ing  survey from -- -- shore.  

3 May 3 Diurnal scuba survey from an 
i n f l a t a b l e  boat t o  a depth of 
19.8 m (65 f t )  involv ing  1.5 
man-hours of bottom time. 

8 May 3 Diurnal scuba surveys from an 
i n f l a t a b l e  boat t o  a depth of 
15.2 m (50 f t )  i nvo lv ing  3 man- 
hours of bottom t i m e .  

Keomuka,  Lana5 

4 May 3 Diurnal scuba surveys from an 
i n f l a t a b l e  boat t o  a depth of 
18.3 m (60 f t )  i nvo lv ing  3 man- 
hours of bottom time. Skin d iv ing  
surveys,  Stomach sample co l l ec t ed .  
Ocean a c c e s s  from Maui. 1 

6 May 3 Diurnal scuba surveys  from an 
i n f l a t a b l e  boat t o  a depth of 
16.8 m ( 5 5  f t )  involv ing  4 man- 
hours of bottom t i m e .  Skin 
d iv ing  surveys. Stomach sample 
c o l l e c t e d .  Ocean a c c e s s  from Maui, 3 

Subtot a1 4 

Kuahua, Lanai 

10-12 J u l y  2 Diurnal s k i n  d iv ing  surveys. 
Observational s t u d i e s .  census 
and hand cap tu re  of t u r t l e 6  
fo rag ing  a t  t h e  sho re l ine .  
Stanach samples c o l l e c t e d .  2 

0 

0 

0 

0 .  
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Tab1 e 1 .  --Continued . 
No, of t u r t l e s  
captured (when 

a t  tempted) 
No. of 

Date 1985 personnel Activity Total Recoveries 

Polihua. Lanai 

8-10 July 2 Nocturnal surveys of a mile-long 
sand beach t o  determine l eve l  of 
nesting activity.  Diurnal obser- 
vational surveys of coastal waters. -- -- 

Total 195 13 
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Table 2.--Results of t u r t l e  n e t t i n g  e f f o r t  a t  Kawela Bay, Oahu. 

Ne t t ing  No. of 
F i e l d  study Duration Length of e f f o r t  t u r  tl e s Me t e r- ho u r  s 
date 1985 i n  hours n e t s  (m) (meter-hours) captured per  t u r t l e  

26-28 March 40 6 0  2,400 19 126 -- 8-9 Apr i l '  5 18 90 0 
15-16 Apri l  15 36 540 26 90 
27-28 June  12 36 43 2 5 86 
2-3 Ju ly  12  36 43 2 36 7 2  

Overall 84 -- 3,894 36 108 

' N e t  set a t  t h e  east s i d e  of t h e  bay. A l l  o t h e r  n e t t i n g  e f f o r t  
conducted at t h e  west s i d e  of t he  bay. 

21ncludes one recapture .  

31ncludes two r ecap tu res ,  one of which had a l r e a d y  been r ecap tu red  on 
15 Apri l  1985. 

Table 3 .--Summary of samples c o l l e c t e d  from green t u r t l e s  on Oahu, 
Molokai, Maui, and Lanai. 

~ ~ 

Blood Whole Bone and 
L oca t i on serum blood Food samples lamina b iops i e s  

Kawela Bay, Oahu 13 11 13 
1 Maunalua Bay, Oahu 2 

P a l  aau, Mol okai  36 26 2 1  
7 Kahului Bay, Maui 1 
4 K e  anuku. Lanai -- -- 
2 Kuahua, Lanai -- -- 

-- 
-- 

3 
2 
1 
6 

T o t a l  52 37 48 1 2  
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Table 4.--Biometrics of 34 green tur t l e s  sampled a t  Kawela Bay, Oahu. 

Carapace length Carapace width IFr ont 

Straight Curved Straight Curved length length width width 
Tag No. ( cm> ( cm) ( cm) (em) ( cm) (cm) ( cm) ( cm) 

Plastron Tail Head f l ipper 

87 73-74 38.7 
8804-05 40.4 
8493- 94 40.8 
8489-90 42.5 
8508-09 43.4 
87 53-5 4 44.0 
8495-96 44.9 

8497-9 8 47.6 
8751-52 49.9 
8510-1 1 50.2 
85 12- 13 52.9 
87 84- 85 53.1 
8801-03 54.0 
8778-80 54.4 

Not tagged 55.5 
87 57-5 8 55.9 
87 5 5-56 56.4 
8759-60 59.6 
8499-8500 60.9 
8 80 6-0 8 61.9 
8761-63, 8505 64.0 

87 9 8- 8 800 65.7 
8995-97 66.3 
8770-72 66.3 
8506-07 67 .O 
87 86-88 67 .O 
8775-77 67.5 
8809-1 1 67.6 
85 0 2- 04 67.7 
87 64- 6 6 69.0 
89 89-91 69.7 
87 81-83 72.0 
89 92- 94 74.7 

87 67-69 75.1 

40.5 
42.5 
43.9 
44.5 
45.5 
46.0 
47 .O 

50.2 
52.5 
53.0 
56 -5  
56.0 
58.0 
57.5 

59.0 
59.5 
61.5 
62.5 
65 .O 
65.5 
68.5 

70.5 
70.5 
70.0 
70.9 
71.5 
71.5 
72.5 
73 .O 
72.5 
75.0 
75.5 
79.8 

81.0 

34.3 
34.5 
34.0 
33.1 
33.8 
35.7 
36.8 

37.9 
40.7 
40.2 
40.1 
44.2 
39.9 
44.9 

44.0 
43.2 
45.2 
48.6 
46.6 

52.0 

50.2 
51.7 
52.3 
52.8 
54.0 
52.1 
53.3 
54.7 
54.5 
53 e5 
55.4 
56.1 

61.2 

48.2 

40.0 
41.5 
39.5 
39.8 
39.0 
41.2 
42.5 

45.6 
47.2 
47.1 
48.5 
51.5 
49.5 
53.2 

52.0 
53.0 
55.2 
59.0 
56.5 
58.2 
63.0 

62.0 
67.0 
65.5 
65.1 
66.5 
65.5 
68.0 
66.5 
69.0 
68.0 
69.0 
72.2 

76.0 

31.1 
32.3 
33.0 
33.5 
34.6 
35.5 
35.9 

37.8 
40.1 
40.4 
41.7 
43.8 
43.1 
44.6 

44.3 
45.4 
46.1 
48.0 
47.9 
48.3 
50.9 

53.7 
54.2 
55.4 
52.9 
55.0 
53.1 
55.3 
56.2 
57.6 
55.2 
57.0 
61.8 

59.8 

8.5 
6.0 
7 e5 
9.5 
7.2 
7.5 
8.0 

10.0 
7.0 
9.5 
8.5 
9.0 
9.5 
11.0 

10.5 
12.5 
10.5 
14.0 
14.0 
11.5 
14.0 

11.0 
14.0 
16.0 
13.0 
13.0 
14.0 
13.5 
12.5 
16.0 
15.5 

18.5 

14.5 

16.5 

6.4 
6.7 
6.9 
6.6 
7.3 
6.9 
7.8 

7.8 
8.2 
7.8 
8.1 
8.2 
8.5 
9.2 

10.5 
8.6 
9.0 
9.6 
9.0 
9.2 
9.5 

9.8 
10.1 
10.6 
10.0 
10.3 
10.4 
10.2 
10.0 
10.7 
10.6 
10.7 
11.0 

11.4 

7.0 
6.7 
7.9 
7.4 
7.2 
7.8 
8.0 

8.0 
8.6 
8.8 
8.7 
8.6 
9.1 
10.5 

-- 
9.5 
9.7 
10.4 
10.0 
10.8 
10.6 

-- 
11.4 
11.7 
11.2 
11.9 
11.6 
11.3 
10.4 

12.2 
12.3 
12.1 

12.7 

-- 

'Straight-line measurement taken from the anterior d i s ta l  edge of the claw 
scale  t o  the sca le  located direct ly  across on the f l ipper ' s  t ra i l ing  edge 
(usually sca le  No.  6 counting proximal t o  d i s t a l  along the t ra i l ing  edge). 
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Table 5.--Straight carapace lengths and curved/straight w i d t h  ra t ios  of 
34 green tur t l e s  sampled a t  Kawela Bay, Oahu. 

Straight carapace length (cm) 
Carapace width 

Midline t o  Percent of 
posterior edge of Midline posterior edge Curved/ 

Tag No. the postcentrals t o  notch measurement s tra ight  ra t io  

87 73-74 
8804-05 
8493-94 
8489-90 
8508-09 
8753-54 
8495-96 

8497 -98 
8751-52 
8510-11 
85 12- 13 
87 84-85 
8 801-03 
8778-80 

Not tagged 
8757-58 
8755-56 
8759-60 
849 9-85 0 0 
8806-08 
8761-63, 8505 

87 9 8-8800 
8770-72 
8995-97 
85 06-07 

8775-77 
8809-1 1 
8502-04 
87 64-66 
89 89-9 1 
87 81-83 
8992-94 

87 86-88 

8767-69 

38.7 
40.4 
40.8 
42.5 
43.4 
44.0 
44.9 

47.6 
49.9 
50.2 
52.9 
53.1 
54.0 
54.4 

55.5 
55.9 
56.4 
59.6 
60.9 
61.9 
64.0 

65.7 
66.3 
66.3 
67 .O 
67 .O 
67.5 
67.6 
67.7 
69.0 
69.7 
72.0 
74.7 

75.1 

38.0 
39.6 
40.4 
42.3 
43.0 
43.8 
44.7 

47.4 
49.5 
50.0 
52.5 
52.1 

54.2 
-- 

55.1 
55.5 
56.4 
59.2 
60.6 
61.6 
63.4 

65.1 
65.6 
66.2 
66.9 
66.2 
67.0 

67.3 
68.6 
69.4 
7 1.5 
74.6 

-- 

74.7 

98.2 
98.0 
99.0 
99.5 
99.1 
99.5 
99.6 

99.6 
99.2 
99.6 
99.2 
99.2 

99.6 
-- 

99.3 
99.3 

99.3 
99.5 
99.5 
99.1 

100 

99.1 
98.9 
99.8 
99.9 

99.3 

99.4 
99.4 
99.6 
99.3 
99.9 

98.8 

-- 

99.5 

1.17 
1.20 
1.16 
1.20 
1.15 
1.15 
1.15 

1.20 
1.16 
1.17 
1.21 
1.15 
1.24 
1.18 

1.18 
1.23 
1.22 
1.21 
1.22 
1.21 
1.21 

1.24 
1.25 
1.30 
1.23 
1.23 
1.26 
1.28 
1.22 
1.27 
1.27 
1.25 
1.29 

1.24 

I I 
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Table 6.--Carapace l e n g t h s  and weights  f o r  20 green t u r t l e s  
sampled on Oahu and Molokai. 

S t r a i g h t  carapace Curved carapace Weight 
Tag No. l e n g t h  (cm) l e n g t h  (cm) (kg) ( l b )  

8804-05 
8801-03 
8806-08 
8761-63, 8505 
87 9 8-8 80 0 
8809-1 1 

853 9-40 
8541-42 
7825-26 
7829-30 
7831-32 
85 43 -4 4 
83 4 9-5 0 
8545-46 
7 893-9 4 
7 827-28 
85 47-48 
8627-28 
7 79 8-9 9 
7833-34 

Kawela Bay, Oahu 

40.4 
54.0 
61.9 
64.1 
65.7 
67.6 

38.8 
38.8 
39.6 
46.7 
49.3 
51.8 
52.1 
52.2 
51.9 
53.0 
53.6 
55.8 
62.9 
63.4 

42.5 
58.0 
65.5 

70.5 
72.5 

-- 

Palaau, Molokai 

40.5 
41.5 
41.5 
50.0 
52.5 
56 .O 
55.5 
56.0 
56.0 
56.5 
58.5 
59.5 
68.5 
67.5 

10.9 24 
20.9 46 
34.5 76 
35.5 78 
37.3 82 
41.4 91 

7.3 16 
8.6 19 
8.6 19 

14.1 31 
19.5 43 
19.5 43 
19.5 43 
20.9 46 
19.5 43 
20.9 46 
22.3 49 
25.0 55 
31.8 70 
34.5 76 
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Table 7 . - - Ident i f ica t ion  of stomach con ten t s  sampled from 
12  green t u r t l e s  a t  Kawela Bay, Oahu. 

S t r a i g h t  carapace Sample conten ts  ( X )  
T = t r a c e  Tag No. l eng th  (cm) 

84 93 - 94 40.8 

8489-90 1 42.5 

8508-09 

8495-96 

8497-98 

8510-11 

85 12-13 

0778-80 

8499-8501 

8761.8763. 
8505 

8506-07 

43.4 

44.9 

47.6 

50.2 

52.9 

54.6 

60.9 

64.5 

67 .O 

8502-04 67.7 

Laurencia mariannensis 
J a n i a  c a p i l l a c e a  
Acanthophora s p i c i f e r a  
Polysiphonia horve i  
Os c ill a t  o r  i a s p. 

- 

Amansia glomerata 
Codium edule  
P te roc lad ia  sp. 
Ceramium sp. 
R a l f s i a  o c c i d e n t a l i s  

Acanthophora s p i c i f e r a  
- L. n i d i f i c a  
Amansia nlomerata 
Hypnea pannosa 
Gelidium sp. 

-- 
.- 

Acanthophora s p i c i f e r a  -- Codium edule  
O s c i l l a t o r i a  sp. 

A. s p i c i f e r a  
L. n i d i f i c a  
T e r r e s t r i a l  p l a n t  material 

- 
- 

- A. s p i c i f e r a  
- J. c a p i l l a c e a  
Amansia glomerata 
Cora l l i na  sp. 

Acanthophora s p i c i f e r a  
Laurencia n i d i f i c a  

A. s p i c i f e r a  
Microdictyon sp.  
Polysiphonia sp. 

- 

A. s p i c i f e r a  
Ceramium sp. 
Laurencia  sp. 
Dic t y o t a  a c u t  e l  oba 

- 

Amansia glornereta 
Laurencia sp. 
Ulva r e t i c u l a t a  

Acanthophora s p i c i f e r a  
D. a cu te loba  
Amansia alomerata_ 
U. r e r i c u l a t a  

Acanthophora s p i c i f e r a  

- 
- 

99 
T 
T 
T 
T 

50 
25 

5 
T 
T 

99 
T 
T 
T 
T 

99 
1 
T 

99 
1 
T 

99 
T 
T 
T 

99 
1 

99  
T 
T 

99 
T 
T 
T 

99 
1 
T 

99  
T 
T 
T 

100 

'Captured by hand on 25 June 1985 dur ing  scuba S U N ~ S  of r e s t i n g  h a b i t a t  
ou te ide  of Kawela Bay. 
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Table 8.- - Ident i f icat ion of stomach contents  from a green t u r t l e  found 
dead a t  Kawela Bay, Oahu, on 28 March 1985. 

Carapace l e n g t h  Carapace width 
P1 a s t r o n  T a i l  Head 

S t r a i g h t  Curved S t r a i  ght Curved l e n g t h  l e n g t h  width 
(cm) (cm) (cm) (cm) (cm) ( cm) (em) 

55.5 59.0 44.0 52.0 44.3 10.5 10.5 

Benthic algae 

Ulva r e t i c u l a t a  Forsskal  
P t e roc lad ia  capillacea (Gmelin) Bornet 
Amansia glomerata C. Ag. 
Turbinar ia  orna ta  J. Ag. 

- 

Approximate 
(XI  

75 
20 

2 
2 

Rhodophy ta  (red)  
Acanthophora s p i c i f e r a  (Vahl) Boerg. Trace 
Botryocladia  s k o t t s b e r g i i  (Boerg. 1 L e n .  Trace 
Ge l id iops i s  v a r i a b l e  J. Ag. Trace 
G r i f f i t h s i a  t enu i s  C. Ag. Trace 
Hypnea musciformis (Wulfen) C. Ag.  Trace 
Laurencia c a r t i l a g i n e a  Yamada Trace 
L e v e i l l e a  jungermannioides Harv. Trace 
Martensia f r a g i l i s  Harv. Trace 

Chlorophyta (green) 
Cladophoropsis gracillum Dau 
Codium arabicum Kuczing 
C. edule  S i lva  - -  

Phaeophyta (brown) 
Sargassum polyphyllum J. Ag. 

Trace 
Trace 
Trace 

Trace 

Invertebrates 

Porif  era 
Chondr os i a  c hucal 1 a 
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Table 9.--Epizoites sampled from four  green t u r t l e s  on 
Oahu, Molokai. and Maui.  

S t r a i g h t  carapace 
Tag No. l eng th  (cm) Location Epiz o i  t e s  

8495-96 44.9 Kawela Bay. Oahu Sphacelar ia  t r i b u l o i d e s  
Polysiphonia tsudana 
Melobesia sp. 
P l a t  l e  as hexastylos  + harm1 es s s k i n  barnacle)  
Smal l  clawed shrimp l a r v a  

8545-46 

7917-18 

S . t r i b u l o i d e s  
P. s c r o p u l o r m  
Lyngbya semiplena 

S. f u r c i g e r a  
P. tsudana 
P. s e t acea  
P i l i n i a  rimosa 
Calo thr ix  sp. 
Melobesia sp. 
P1 a t y l e p a s  hexastylos  

- 52.2 Palaau. Molokai 
- 

- 57.4 Palaau. Molokai 
- 
- 

8479-81 71.8 Kahului Bay, Maui Chaetomorpha brachygona 
Melobesia sp. 
Polysiphonia sp. 
P l a ty l epas  hexastylos  

'The burrowing barnacle .  Stephanolepas muricata,  was found along the 
a n t e r i o r  edge of t he  f r o n t  f l i p p e r s  on s i x  of t h e  o the r  t u r t l e s  captured a t  
t h i s  s i t e .  I n  add i t ion ,  two t u r t l e s  caught he re  had s e v e r a l  Chelonibia 
t e s t u d i n a r i a  on t h e i r  carapace and p las t ron .  This nonburrowing. harmless 
barnac le  i s  commonly found on green t u r t l e s  a t  some l o c a t i o n s  i n  Hawaii. 
but  not  a t  the  p r inc ipa l  study si tes covered i n  t h i s  r epor t .  
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Table 10.--Injuries and abnormal i t ies  found on s ix  green t u r t l e s  a t  
Kawela Bay, Oahu. (See a l s o  Table 11.) 

S t r a i g h t  carapace 
Tag No. l e n g t h  (cm) Descr ip t ion  

8508-09 

8506 

8809-1 1 

8764-66 

8781-83 

43.4 L e f t  t h i r d  l a t e ra l  s c u t e  of carapace 
p a r t l y  l i f t e d  up and pee l ing ,  

53.1 Monofilament f i s h i n g  l i n e  pro t ruding  
from t h e  c loaca ;  manually removed wi th  
no apparent  in jury .  

67.0 

67.6 

Moderately deep s c r a t c h  i n  l e f t  s i d e  of 
carapace through t h e  second and t h i r d  
l a te ra l  scu te s .  

Healed p i ece  missing from l e f t  p o s t e r i o r  
edge of t he  carapace between t h e  10th  
marginal s c u t e  and the  pos t cen t r a l s .  
Approximately 20% of r i g h t  h ind  f l i p p e r  
missing bu t  healed. 

69.0 Small neoplasms i n  t h e  p o s t e r i o r  corner 
of each eye. 

72.0 Healed inden ta t ion  i n  t h e  second r i g h t  
l a te ra l  scu te .  
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Table 11.--Histology r e p o r t  by Grant N. Stemmermann, M.D.,l  f o r  a green 
t u r t l e  found dead a t  Kawela Bay, Oahu. on 28 March 1985. 

Lungs: There is  marked enlargement of t h e  a l v e o l a r  spaces ,  asso- 
c i a t e d  wi th  g r e a t l y  increased  amounts of smooth muscle i n  t h e  
a l v e o l a r  w a l l s .  
na ted  helminth eggs. most of which are surrounded by m u l t i -  
nucleated h i s t i o c y t e s .  The pulmonary arteries. e s p e c i a l l y  
the l a r g e  and medium-sized vesse ls .  show extens ive  i n t i m a l  
thickening by smooth muscle. 
lumens of some vessels.  

The a l v e o l a r  sep ta  conta in  numerous embryo- 

This  almost o b l i t e r a t e s  t h e  

Liver  : - The l o b u l a r  a r c h i t e c t u r e  i s  f a i r l y  w e l l  preserved. a l though 
t h e r e  are  l a r g e  numbers of hemosiderin-laden h i s t i o c y t e s  
through a l l  por t ions  of t h e  lobules .  
t h e  lungs a r e  found w i t h i n  t h e  lobules ,  bu t  a r e  fewer i n  
number and a r e  a s s o c i a t e d  wi th  a less conspicuous h o s t  
reac t ion .  A s ingle .  f a i r l y  l a r g e  segment of the  p o r t a l  v e i n  
has  a markedly thickened in t ima and is  surrounded by c l u s t e r s  
of round cells.  

Ova s i m i l a r  t o  those  i n  

Small - 
i n t e s t i n e :  There i s  t o o  much a u t o l y s i s  t o  d i s t i n g u i s h  much c y t o l o g i c  or 

even h i s t o l o g i c  d e t a i l  i n  t h e  mucosa. However. the  configu- 
r a t i o n  of t h e  v i l l i  suggest t h a t  t h e r e  has  been marked 
mucosal damage and inflammation. assoc ia ted  w i t h  t h e  accumu- 
l a t i o n  of many round c e l l s  i n  t h e  lamina propria .  
and submucosa c o n t a i n  occasional  helminth ova. 
l a r g e r  than those i n  t h e  l iver and lungb. 

The conf igura t ion  of the  glomeruli, some i n  t h e  process  of 
subcapsular  development, suggest t h a t  t h i s  animal i s  not  y e t  
mature. Present  i n  both t h e  capsule  and t h e  i n t e r s t i t i u m  of 
t h e  cor tex  a r e  occasional  0-78 s i m i l a r  t o  those  in t h e  l i v e r  
and lung. 
i n t i m a l  aspec ts  and a l s o  s h m s  d i s t i n c t  endothe l ia l  hyper- 
p l a s i a .  
i n f i l t r a t i o n ,  adhesions between c a p i l l a r y  and capsule ,  and 
basement membrane thickening. This glomerulus is surrounded 
by a dense cuff  of round c e l l s .  
Ovum w i t h i n  a d i s t a l  convoluted tubule. This egg is  not  
a s s o c i a t e d  with e i t h e r  c e l l  r e a c t i o n  or t u b u l a r  damage. 

This  animal apparent ly  succumbed t o  t h e  e f f e c t  of cardio- 
vascular  f l u k e  i n f e c t i o n  (Digenea: Spirorchidae) .  The most 
ex tens ive  t i s s u e  damage was found i n  t h e  lungs. which showed 
extens ive  i n t e r s t i t i a l  f i b r o s i s  and severe pulmonary s c l e r o s i s  
c o n s i s t e n t  with d e b i l i t a t i n g  r i g h t  h e a r t  f a i l u r e :  and of the  
small  gut  where t h e r e  was extens ive  mucosal n e c r o s i s  and 
u lcera t ion .  The l a t t e r  would have been i n c o n s i s t e n t  w i t h  
adequate n u t r i t i o n .  Renal involvement was a s s o c i a t e d  wi th  
f o c a l  emtzlic glomerulonephri t is .  The presence of embryonated 
eggs i n  undamaged d i s t a l  cimroluted t u b u l e s  sugges ts  t h a t  some 
eggs may be passed i n  the  ur ine.  

The mucosa 
They are 

Kidney : 

The r e n a l  a r t e r y  is markedly thickened i n  i t s  

There i s  a s i n g l e  glomerulus t h a t  shows c e l l u l a r  

There i s  one embryonated 

Conclusions: 

‘Address: 46-458 Haiku P l a n t a t i o n  Drive, Kaneohe. HI 96744. 
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Table 12.--Growth rates  of two green tur t l e s  recaptured a t  Kawela Bay, Oahu. 

1985 Growth rate Growth rate 

Date interval 
Date tagged Carapace length (cm) Recovery i n  cm/month i n  cdyear  

Tag No. recaptured Straight Curved (months) Straight Curved Straight Curved 

876 1-63 3/26 64.0 68.5 3.2 0.16 0.37 1.87 4.50 
4/ 15 
7 /3 

7/3 
8778-80 3/27 54.4 57.5 3.2 0.06 0.31 0.75 3.75 

Mean growth rates  0.11 0.34 1.31 4.12 
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Table 13 .--Deep-body temperatures of n ine  green t u r t l e s  sampled a t  
Kawela Bay, Oahu, and Kahului Bay, Maui. 

S t r a i g h t  carapace Date Ap pr oxima t e Deep body 
Tag No. l e n g t h  (cm) 1985 t i m e  of cap tu re  temperature ( O C )  

Kawela Bay, Oahu 

85 0 2-04 67.7 28 June  0030 26.7 

8499-8500 60.9 28 June 0200 26.2 

8497-98 47.6 28 June  0430 25.6 

8495-96 44.9 28 June 0630 24.8 

8761, 8763, 64.9 2 J u l y  2200 
8505 

25.9 

85 06-07 67 .O 3 J u l y  0100 26.3 

85 10-1 1 50.2 3 J u l y  0230 24.8 

Kahului Bay. Maui 

846 8-7 1 92.0 18  June  2230 28.0 

847 9-81 71 .8  19  June 0030 27.6 

Ambient temperature on t h e  w e s t  s i d e  of Kawela Bay a t  h i g h  t i d e  was 
26.5O-27.5OC. A t  luw t i d e  (0530-0700) i t  was 23O-24OC due t o  the g r e a t e r  
i n f luence  of freshwater d ischarge  from t h e  spr ing .  

Temperature i n  t h e  o u t f a l l  plume where t h e  t u r t l e s  were captured was 
3OOC. Far the r  from shore beyond t h e  d i r e c t  i n f l u e n c e  of t h e  o u t f a l l  t he  
ambient temperature was 26.5OC. 
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Table 14.--Results of bu l lpen  n e t t i n g  e f f o r t  €or  green t u r t l e s  
a t  Palaau, Molokai. 

~~~~~ 

F i e l d  study Net t ing  Dura t i o n  Number of 'Met er-hours 
d a t e  1985 l o c a t i o n  i n  hours t u r t l e s  captured per  t u r t l e  

22-23 Apri l  
23-24 Apr i l  
24-25 Apri l  
25-26 A p r i l  

15-1 6 J u l y  
16-17 J u l y  
17-1 8 J u l y  
18-19 J u l y  

Overall 

A 15 
B 18 
B 20 
C 20 

D 19 
E 20 
E 21 
F 20 

153 

28 
323 
"16 

3 

10 
9 524 

4,739 

135 

5 , 6 1 2  

1,125 
47 0 
750 

4 , 000 
1,140 

500 
1 , 050 

308 

680 
~~ _ _ ~ ~  ~ ~ _ _ ~  

'Approximate n e t  l e n g t h  600 m. 

'Includes t h r e e  r ecap tu res  of t u r t l e s  tagged a t  Palaau p r i o r  t o  t h i s  
study. 

31ncludes t h e  short-term recap tu re  of a t u r t l e  tagged by the  
commercial f isherman on 11 Apr i l  1985. 

' A t  l eas t  two other  t u r t l e s  are  known t o  have escaped from t h e  n e t  
enclosure.  

51ncludes two r ecap tu res  of t u r t l e s  tagged dur ing  22-26 Apr i l  1985. 

61ncludes a short-term recap tu re  o r i g i n a l l y  tagged on 16-17 J u l y  1985. 

' Includes t h e  short-term recap tu re  of a t u r t l e  tagged by t h e  
commercial fishermen on 11 J u l y  1985. 

! I 
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Table 15.--Biometrics of 133 green t u r t l e s  sampled a t  Palaau, Molokai. (A, B, C, 
D, E, F = n e t t i n g  si tes;  B2, E2 = second consecutive n i g h t  a t  n e t t i n g  sites B and 
E; H = hand capture . )  

Carapace l e n g t h  Carapace width Front 

S t r a i g h t  Curved S t r a i g h t  Curved l e n g t h  l e n g t h  wid th  width 
Tag No. S i t e  ( c m )  (cm) (cm) (cm) ( cm) ( cm) (cm) (cm) 

P l a s t r o n  T a i l  Head f l i p p e r  

9 423 -24 
8539-40 
8541-42 
7945-46 
7825-26 
7902-03 
85 2 1-2 2 
85 80-85 81 
946 2-63 
8601 , 865 0 
9419-20 
845 8-59 
9458-59 
9417-18 
7901,7905 
9 456 -5 7 
8600,86 26 
9452-53 
9460-61 
8460-61 
9415-16 
73 03-04 
946 4-65 
9421-22 
8523-24 
73 01-02 
8525-26 
9454-55 

9450-51 
7919-20 
7 91 5-1 6 
9448-49 
8529-30 
7 829-3 0 
8575-76 
7913-14 
7794-95 
9444-45 
8638-3 9 
9446-47 
7924-25 
9436-37 
7 882-83 
94 42-43 
852?-28 

F 
E 
E 
A 
E2 
A 
D 
B 
F 
C 
F 
H 
F 
F 
A 
F 
B2 
F 
F 
H 
F 
A 
F 
F 
D 
A 
D 
F 

F 
B 
B 
F 
D 
E2 
B 
B 
E 
F 
B2 
F 
B 
F 
B 
F 
D 

38.2 
38.8 
38.8 
38.8 
39.6 
39.7 
39.7 
39.9 
40.2 
40.6 
40.9 
41.2 
41.3 
41.5 
41.6 
42.5 
42.7 
42.9 
43 .O 

43.1 
43.7 
43.8 
44.1 
44.3 
44.4 
44.7 
44.8 

45.1 
45.5 
45.6 
46.5 
46.5 
46.7 
47 .O 
47.4 
47.4 
47.4 
47.5 
47.8 
48.0 
48.5 
48.8 
48.8 
48.8 

-- 

41.0 
40.5 
41.5 
41 .O 
41.5 
42.0 
42.5 

42.0 
43 .O 
42.5 
43.3 
44.0 
44.0 
44.5 
45 .O 
45.5 
46.0 
46.0 
46.0 
46.0 
46.5 
46.5 
46.0 
46.5 
47 .O 
48.5 
48.0 

48.0 
48.5 
48.5 
49.5 
49.5 
50.0 
50.0 
50.7 
50.0 
51.0 
50.5 
51 .O 
50.5 
52.0 
52.6 
51.5 
52.0 

-- 

32.4 
32.9 
32.8 
31.4 
33.2 
34.4 
32.5 
34.6 
33.6 
34.5 
33.7 
33.9 
33.8 
35 .O 
32.6 
35 .O 
34.6 
34.4 
34.0 

35.8 
35.1 
37.9 
36.4 
35.4 
34.5 
36.2 
35.2 

36.4 
35.8 
37.8 
37.2 
38.8 
37 .O 
39.9 
38.7 
38.6 
38.2 
37.0 
37.8 
37.3 
39.7 
37.5 
38.0 
38.3 

-- 

38.0 
36.5 
38.5 
37.2 
38.0 
40.0 
38.5 

38.5 
41.0 
39.@ 
40.7 
40.0 
40.5 
39.7 
40.0 
41.0 
41 .O 
40.5 
44.5 
42.0 
41.3 
43.5 
41 .O 
41.5 
40.0 
43.0 
41.5 

43.0 
43.5 
45 .O 
44.0 
46.0 
42.5 
47.0 
45.8 
44.5 
43.5 
44.5 
45.5 
44.3 
48.0 
46.2 
45.5 
44.5 

-- 

-- 
31.4 
29.9 
31.2 
32.0 
32.0 
3 2.3 
32.6 

32.0 

31.8 

-- 

-- 

-- 
-- 

34.3 

34.6 
-- 
-- 
-- 
-- 
-- 

35.9 -- 
-- 

35.4 
35.4 
35.0 

-- 

-- 
35.9 
37.6 

37.6 
36.5 
39.0 
39.4 
38.8 

37.4 

-- 

-- 
-- 
-- 
-- 

40.2 

38.6 
-- 

6.4 
6.0 
6.1 
6.5 
6.6 
6.5 
6.4 
6.1 
6.5 
6.6 
6.9 
6.7 
6.9 
6.5 
6.5 
6.7 
7.2 
7 .O 
7 . 1  

6.9 
7.4 
7 .O 
7.3 
7.3 
7 .O 
7.2 
7.3 

7.4 
7.6 
8.9 
7.6 
9.0 
7.2 
7.9 
7.5 
7 .3  
7.5 
7 .8  
7.6 
7.7 
8.0 
7.8 
7 .O 
7.9 

-- 

7 .O 
7.1  
6.6 
7 .1  
7.1 
6.9 
7.3 
6.9 
7.3 
6.8 
7 . 1  
7 $3  
7.3 
7 .1  
6.7 
7 . 1  
7.9 
7.5 
7.2 
-- 
-- 

7.9 
7.6 
7.9 
7.5 

7.5 
7 . 8  

7.6 
7.9 
7.9 
8.1 
8.3 
7.9 
8.1 
8.2 

8.2 
8.7 
7.6 
8.1 
8.2 
8.5 
8.6 
8.1 

-- 

-- 
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Table 15.--Continued. 

Carapace l e n g t h  

S t r a i g h t  Curved 
Tag No. S i t e  (cm) (cm) 

Carapace width Front 

S t r a i g h t  Curved l e n g t h  l e n g t h  wid th  width 
( c m )  (cm) (cm) (cm) (cm) (em) 

Plastron T a i l  Head f l i p p e r  

851Y-20 D 
8640-41 B2 
8462-63 H 
7831-32 E2 
8642-43 B2 
9413-14 F 
7842-43 E2 
8636-37 B2 
7893-94 B 
7 947-49 A 
8543-44 E 
9433-34 F 
8549-50 E 
8545-46 E 
9435 F 
7804-05 E 
7792-93 E 
7827-28 E2 
9438-39 P 
8547-48 E 
8537-38 D 

8632-33 B2 
8621-28 B2 
9427-28 F 
7802-03 E 
9407-08 F 
9440-41 P 
9405-06 F 
9409-10 F 
9431-32 F 
7907-09 B 
9429-30 F 
7917-18 B 
8629-31 B2 
8634-35 B2 
7796-97 E 
8531-32 D 
7748,7801 E 

7939-40 B2 
9425-26 F 
7887-89 B 
8453-55 H 
8597-99 B2 

7879-81 B 

49.0 
49.2 

49.3 
49.7 
50.0 
50.2 
51.3 
51.5 
51.7 
51.8 
52 .O 
52.1 
52.2 
52.3 
52.8 
52.9 
53 .O 
53.4 
53.6 
54.7 

-- 

55 .O 
55.3 
55.5 
55.6 
55.8 
55 09 
56.0 
56.4 
56.4 
56.7 
56.9 
57.2 
57.3 
57.8 
57.9 
58.7 
59.4 
59.4 
59.5 
60.0 
60.0 
60.2 
61.5 

53 .O 
53 .O 
53.3 
52.5 
54.0 
53 05 
53.5 
56.5 
55.5 
55.2 
56.0 
55.5 
55.5 
56.0 
56.0 
56.5 
55.5 
56.5 
57.5 
58.5 
58.0 

59.0 
59.0 
59.5 
59.0 
59.0 
59.5 
61 .O 
60.5 
60.5 
60.8 
61 .O 
60.6 
61 .O 
62.0 
62.0 
63.0 
63 .O 
63.5 
64.5 

64.5 
64.5 
66.0 

-- 

38.0 
39.7 

40.3 
38.6 
40.4 
39.1 
41.1 
39.4 
40.2 
41.3 
40.7 
39.4 
40.7 
40.9 
41.1 
40.3 
40.7 
41.0 
41.6 
42.0 

-- 

43.5 
41.3 
42.4 
44.8 
45.3 
44.0 
44.4 
43.9 
43.5 
45 .O 
44.2 
46.7 
45.2 
45.1 
45.3 
44.0 
45.9 
46.0 
46.9 
47.2 
49.3 
48.4 
50.8 

45.5 
46 .O 
46 .O 
49.5 
47 .O 
47.0 
46.5 
48.0 
48.5 
48.3 
49.5 
47.5 
47.5 
48.5 
47.5 
49.0 
47 .O 
47 .O 
49.5 
51.5 
50.0 

52.5 
50.8 
52.0 
52.5 
54.0 
52.0 
52.5 
52.5 
51 ,O 
55.5 
51 .O 
55.3 
55.5 
52.5 
54.5 
52.5 
55.0 
56.0 
56.5 
56.0 
58.0 
58.5 
61.5 

37.9 
39.6 

39.7 
41.1 

-- 

-- -- 
41.4 
41.4 
41.1 
41.7 

43.3 
41.1 

43.9 
42.4 
42.7 

43.9 
45.4 

-- 

-- 

-- 

44.8 
43.6 

44.3 
-- 

-- 
-- 
-- 

45.8 

46.7 
47 .O 
47.1 
46.1 
46.8 
47.5 
48.9 
46.2 

49.0 
48.3 
49.9 

-- 

-- 

-- 
8.0 

11.0 
9.5 

-- 

-- 
-- 

8.0 
10.0 
9.5 
8.5 

9.0 
8.5 

9.0 
11.5 
9.5 

9.5 
13.0 

-- 

-- 

-- 

10.5 
10.0 

12.5 
-- 

-- 
c- 

-- 
12.0 

10.5 

11.6 

12.0 
11.0 
11.5 
12.0 

11 .o 
14.0 
11.0 

-- 
-- 

- 

-- 

7.4 8.1 
8.1 8.8 

7.9 9.1 
7.8 8.8 
8.1 
7.8 8.3 
8.2 9.6 
8.4 9.0 
8.3 8.8 
8.0 9.1 
8.0 8.8 
8.2 
8.2 9.1 
7.6 8.2 
8.6 8.0 
8.3 9.1 
8.5 8.8 
8.2 8.5 
8.7 9.2 
8.7 6.6 

-- -- 

-- 

-- 

8.4 9.8 
8.7 9.2 
8.6 9.6 
8.4 9.5 

8.7 9.9 
8.5 9.4 
8.5 9.7 
8.3 9.0 
9.0 9.2 
8.6 9.5 
8.9 9.7 
9.1 9.6 
9.1 9.5 
8.7 9.4 
9.0 10.8 
9.0 9.8 
9.1 10.4 
9.3 10.3 
8.9 9.5 
9.2 10.9 
9.4 10.6 
9.6 10.8 

8.5 9.5 
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Table 15 .--Continued. 

Carapace length Carapace width Front 

Straight Curved Straight Curved length length width width 
Tag No, Site  (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) 

Plastron Tail Head fl ipper 

85/7-79 
85 91-93 
7910-12 
9403-04 
853 5-3 6 
7798-99 
637 6-7 7 
7833-34 
7819-20 
85 94-96 
7895-97 
8569-7 1 
7812-14 

7 942-44 
8533-3 4 
7823-24 

7 846- 47 
7 81 5-16 
7876-78 
9 46 6-67 
8 847-48 
8644-46 
9411-12 

7 821-22 
7898-7900 
7817-18 

8588-90 
7810-11 
85 85- 87 
7 921-23 
8647-49 
7 83 7-3 8 
7 808-09 
851 2-7 4 
7904-06 

7 806-07 

9401-02 
7 848-50 
85 82- 84 
7839-41 

7 890-92 

7835-36 

7884-86 

7 a44- 45 

B 
B2 
B 
F 
D 
E 
A 
E2 
E 
B2 
B 
B 
E 

A 
D 
E 
B 
F 
E 
B 
F 
F 
C 
F 
E2 
E 
B 
E 
B 
B2 
E 
B2 
B 
c 
E2 
E 
B 
B 

E 
F 
F 
F 
B2 
E2 

61.7 
61.9 
61.9 
62.0 
62.0 
62.9 
63.3 
63.4 
63.7 
63.8 
63.8 
63.9 
64.6 

65 .O 
65.1 
65.5 
65.8 
66.3 
66.3 
66.4 
66.9 
67 .O 
67.3 
67.4 
68.6 
69.7 
69.8 
70.3 
70.6 
70.7 
70.8 
70.9 
71.0 
71.4 
71.8 
73.3 
74.0 
74.0 

75.9 
76 .O 
77.5 
78.6 
79.2 
79.4 

66.2 
67 .O 
66.4 
67 .O 
66.5 
68.5 
68.0 
67.5 
68.0 
69.0 
68.0 
68.7 
69.5 

69.5 
69.0 
70.0 
71.0 
70.5 
72.0 
70.5 
70.5 
71 .O 
72.5 
72.5 
73.5 
76.0 
75.0 
75 e5 
76.5 
75 .O 
76.0 
76.0 
78.0 
77.5 

79.0 
78.5 
79.0 

80.5 
81.5 
82.0 
83.5 
85.3 
85.5 

78.0 

48.7 
49.4 
49.1 
51.3 
48.3 
47 .O 
52.4 
50.4 
48.0 
50.6 
50.0 
49.8 
50.3 

50.2 

52.2 
51.3 
51 .O 
54.1 
53.7 
51.3 
52.6 
54.0 
52.4 

53.7 
57 .O 
59.4 
54.5 
53.2 
57.4 

56.3 
56.6 

59.2 
58.8 
58.0 

56.9 
60.0 
59.5 
59.1 
60.3 
61.7 

-- 

-- 

-- 

-- 

60.0 
61 .O 
59.0 
60.5 
59.0 
56 .O 
64.0 
60.0 
58.5 
63.5 
61.5 
62 .O 
60.5 

61 .O 

61 .O 
61.0 
63 .O 
65.5 
63.5 
65.0 
64.5 
65.0 
66.5 
64.5 
68.0 
69.0 
69.5 
68.0 
66.5 
70.0 
68.0 
71.3 
71.4 
69.0 
71.5 
68.5 
72.8 

74.0 
77 .o 
74,O 
71.5 
77.0 
78.0 

-- 

49.0 
49.7 
49.6 

48.9 
51.3 
50.3 
50.9 

51 .O 
51.3 
52.3 

-- 

-- 

-- 

52.1 
52.8 

52.2 
-- 

-- 
-- 

53.3 
54.2 

54.6 

55.0 

-- 

-- 

-- 
58.8 

-- 
57.5 
56.9 

57.3 
56.2 
56.1 

-- 

-- 
-- 

59.5 
58.9 

-- 
-- 
-- 
-- 

64.3 
-- 

12.5 
10.5 
12.5 

14.5 
12.0 
10.5 
13.0 

11.5 
13.0 
14.0 

-- 

-- 

-- 

12.0 
16.0 

15.0 
-- 
-- 
-- 

16.0 
-- 
-- 

12.5 

16.0 

12.5 

14.5 
16.0 

15.5 
14.5 
18.0 

-- 
-- 
-- 

-- 

-- 
-- 

17.5 
17 .O 

-- -- 
-- 
-- 

21.5 -- 

8.8 
9.8 
9.7 
9.1 
9.1 
9.5 
9.9 
9.5 
9.2 
9.3 
9.6 
10.0 
10.3 

9.6 
9.6 
9.7 
9.2 
9.7 
9.9 
9.5 
10.3 
9 ,9 
9.8 
9.6 
10.0 
10.6 
10.7 
10.0 
9.9 
10.0 
10.2 
10.6 
10.5 
9.6 
10.4 
10.8 
10.6 
10.6 

-- 
11.0 
10.8 
10.8 
10.9 
11.4 

9.8 
10.5 
10.2 
9.8 
10.6 
10.5 
12.6 
11.1 
10.4 
9.7 
10.3 
10.9 
11.4 

10.4 
11.0 
10.8 
10.4 
10.8 
10.9 
10.4 
12.0 
11.8 
10.7 
11.3 
12.1 
11.1 
12.3 
10.2 
11.4 
11.5 
12,0 
12.1 
12.3 
11.5 
12.3 

13.6 
11.4 

-- 

-- 
12.6 
12.5 
13.5 
13 .O 
13.4 
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Table 16.--Straight carapace l e n g t h s  and c u r v e d / s t r a i g h t  width r a t i o s  of 
128 green t u r t l e s  sampled a t  Palaau, Molokai. 

S t r a i g h t  carapace l e n g t h  (em) 
Carapace width 

Midline t o  Percent  of 
p o s t e r i o r  edge of Midline p o s t e r i o r  edge Curved and 

Tag No. t h e  p o s t c e n t r a l s  t o  notch measurement s t r a i g h t  r a t i o  

9423-24 
85 41-42 
7945-46 
8539-40 
7825-26 
8521-22 
7902-03 
85 80-81 
9462-63 
8601, 8650 
9419-20 
845 8-59 
9458-59 
9417-18 
7901, 7950 
945 6-5 7 
8600, 8626 
9452-53 
9460-61 
9415-16 
9464-65 
9421-22 
85 23-24 
8525-26 
9454-55 

945 0-5 1 
7 919-20 
7915-16 
9448-49 
8529-30 
7 829-30 
857 5-7 6 
7913-14 
9444-45 
7 7 94-95 
8638-39 
94 46- 47 
7924-25 
94 42- 43 
9436-37 
85 27-28 
7882-83 

38.2 
38.8 
38.8 
38.8 
39.6 
39.7 
39.7 
39.9 
40.2 
40.6 
40.9 
41.2 
41.3 
41.5 
41.6 
42.5 
42.7 
42.9 
43 .O 
43.6 
43.8 
44.1 
44.3 
44.7 
44.8 

45.1 
45.5 
45.6 
46.5 
46.5 
46.7 
47 .O 
47.4 
47.4 
47.4 
47.5 
47.8 
48.0 
48.8 
48.5 
48.8 
48.8 

37.9 
38.2 
38.4 
38.1 
39.1 
39.4 
39.0 
39.2 
39.7 
40.2 
40.1 
40.6 
40.8 
40.6 
41.1 
42.0 
42.5 
42.5 
42.7 
43.6 
43.1 
43.8 
44.0 
44.4 
44.4 

44.9 
45.1 
45.1 
46.2 
46.2 
46.4 
46.6 
47.2 
47.2 
47.1 
47.2 
47.5 
47.6 
48.4 
48.2 
48.4 
48.5 

99.2 
98.4 
99.0 
98.2 
98.7 
99.2 
98.2 
98.2 
98.8 
99.0 
98.0 
98.5 
98.8 
97.8 
98.8 
98.8 
99.5 
99.1 
99.3 

98.4 
99.3 
99.3 
99.3 

'\ 99.1 

100 

99.6 
99.1 
98.9 
99.3 
99.4 
99.4 
99.1 
99.6 
99.6 
99.4 
99.3 
99.4 
99.1 
99.2 
99.4 
99.2 
99.4 

1.17 
1.17 
1.18 
1.11 
1.14 
1.18 
1.16 

1.15 
1.19 
1.16 
1.20 
1.18 
1.16 
1.22 
1.14 
1.18 
1.19 
1.19 
1.17 
1.15 
1.13 
1.17 
1.19 
1.18 

1.18 
1.22 
1.19 
1.18 
1.19 
1.15 
1.18 
1.18 
1.14 
1.15 
1.20 
1.20 
1.19 
1.20 
1.21 
1.16 
1.23 

-- 
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Table 16.--Continued. 

Straight carapace length (cm) 
Carapace width 

Midline t o  Per cent of 
posterior edge of Midline posterior edge Curved and 

Tag No. the postcentrals t o  notch measurement straight  ra t io  

8519-20 
8640-41 
7831-32 
8642-43 
9413-14 
7842-43 
8636-37 
7 893-94 
7947-49 
85 43 -44 
943 3-3 4 
8549-50 
85 45- 46 
9435 
7 804-05 
7792-93 
7 827-28 
943 8-3 9 
8547-48 
8537-3 8 

863 2-33 
862/-28 
9427-28 
7 80 2-03 
9407-08 
9440-41 
9405-06 
943 1-32 
9 409- 10 
7907-09 
9429-30 
7917-1 8 
8629-31 

' 8634-35 
7 7 96-97 
853 1-3 2 
7748, 7801 
7 87 9-81 
9425-26 
7887-89 
8453-55 
8597-99 
857 7 -7 9 

49 .O 
49.2 
49.3 
49.7 
50.0 
50.2 
51.3 
51.5 
51.7 
51.8 
52 .O 
52.1 
52.2 
52.3 
52.8 
52.9 
53 .O 
53.4 
53.6 
54.7 

55.0 
55.3 
55.5 
55.6 
55.8 
55.9 
56.0 
56.4 
56.4 
56.7 
56.9 
57.2 
57.3 
57.8 
57.9 
58.7 
59.4 
59.4 
60.0 
60.0 
60.2 
61.5 
61.7 

48.5 
48.9 
49.0 
49.4 
49.5 
50.0 
50.9 
51.1 
51.3 
51.6 
51.7 
52.0 
52.1 
51.9 
52.6 
52.8 
52.8 
53.0 
53.2 
54.7 

54.5 
55 .O 
55 .O 
55.2 
55.6 
55.7 
55.7 
56.3 
56.0 
56.1 
56.4 
56.7 
57 *2 
57.8 
57.3 
58.5 
59.1 
59.4 
59.6 
59.9 

61.2 
61.6 

-- 

99.0 
99.4 
99.4 
99.4 
99.0 
99.6 
99.2 
99.2 
99.2 
99.6 
99.4 
99.8 
99.8 
99.2 
99.6 
99.8 
99.6 
99.3 
99.3 
100 

99.1 
99.5 
99.1 
99.3 
99.6 
99.6 
99.5 
99.8 
99.3 
98.9 
99.1 
99.1 
99.8 

99.0 
99.7 
99.5 

99.3 
99.8 

99.5 
99.8 

100 

100 

-- 

1.20 
1.16 
1.23 
1.22 
1.16 
1.19 
1.17 
1.23 
1.20 
1.20 
1.16 
1.21 
1.19 
1.16 
1.19 
1.17 
1.15 
1.21 
1.24 
1.19 

1.21 
1.23 
1.23 
1.17 
1.19 
1.18 
1.18 
1.17 
1.20 
1.22 
1.15 
1.18 
1.23 
1.16 
1.20 
1.19 
1.20 
1.22 
1.19 
1.18 
1.21 
1.21 
1.23 
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Table 16.--Continued. 
~ -~~ 

Straight carapace length (em) 
Carapace width 

Midline t o  Percent of 
posterior edge of Midline posterior edge Curved and 

Tag No. the postcentrals t o  notch measurement straight  rat io  

8591-93 
7910-12 
853 5-36 
9403-04 
7798-99, 7800 
6376-77, 7941 
7833-34 
7 819-20 
85 94-96 
7 895-97 
8569-71 
7812-14 

7 942-44 
8533-34 
7 823-24 
7890-92 
7 846-47 
7 81 5-16 
7 876-7 8 
9466-67 
8644- 46 
941 1-12 
7 835-36 
7 821-22 
7 87 8-7 900 
7 81 7-1 8 
7884-86 
85 88-90 
7 810-1 1 

7921-23 
8647-48 
7837-38 
7 80 8-09 
857 2-7 4 
7904-06 

85 85-87 

7 806-07 
7 844-45 
9402-02 
7848-50 
85 82-84 
7 83 9-41 

61.9 
61.9 
62.0 
62.0 
62.9 
63.3 
63.4 
63.7 
63.8 
63.8 
63.9 
64.6 

65 .O 
65.1 
65.5 
65.8 
66.3 
66.3 
66.4 
66.9 
67.3 
67.4 
68.6 
69.7 
69.8 
70.3 
70.6 
70.7 
70.8 
70.9 
71 .O 
71.4 
71.8 
73.3 
74.0 
74.0 

75.9 
76.0 
77.5 
78.6 
79.2 
79.4 

61.7 
61.2 
61.6 
61.9 
62.5 
63.1 
63.3 
63.4 
63 .O 
63.5 
63.7 
64.2 

64.8 
64.6 
65 .O 
65.7 
66.3 
66.3 
66.2 
66.6 
66.7 
67 .O 
68.4 
69.4 
69.5 
70.0 
69.9 
70.3 
70.4 
70.6 
70.6 
71.0 
71.6 
73.3 
73.5 
73.9 

75.4 
75.8 
77.2 
78.4 
79.0 
79.0 

99.7 
98.9 
99.4 
99.8 
99.4 
99.7 
99.8 
99.5 
98.7 
99.5 
99.7 
99.4 

99.7 
99.2 
99.2 
99.8 
100 
100 
99.7 
99.6 
99.1 
99.4 
99.7 
99.6 
99.6 
99.6 
99.0 
99.4 
99.4 
99.6 
99.4 
99.4 
99.7 

99.3 
99.9 

100 

99.3 
99.7 
99.6 
99.7 
99.7 
99.5 

1.23 
1.25 
1.22 
1.18 
1.19 
1.22 
1.19 
1.22 
1.25 
1.23 
1.24 
1.20 

1.22 

1.17 
1.19 
1.24 
1.21 
1.18 
1.27 
1.20 
1.27 

1.27 
1.21 
1.17 
1.25 
1.25 
1.22 

1.27 
1.26 

1.21 
1.16 
1.26 

1.30 
1.28 
1.24 
1.21 
1.28 
1.26 

-- 

-- 

-- 

-- 
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Table 17 . - - Ident i f ica t ion  of stomach con ten t s  sampled from 21 
green t u r t l e s  a t  Palaau, Molokai. 

S t r a i g h t  carapace Sample con ten t s  ( X I  
Tag No. l ength  (cm) T = trace 

a53 9-40 

a5 41-42 

a5 ao 
8601, 8650 

8458-59 

8600. 8626 

38.8 

38.8  

39.6 

39.9 

40.6 

41.2 

42.7 

Acanthophora s p i c i f e r a  
Hypnea n i d i f  i c a  
Amansia glomerata 
Halimeda d i sco idea  
Polysiphona sp. 
Spyr id ia  f i lamentosa  
Hypneocolax s te l la r i s  

Hypnea c e r v i c o r n i s  
Acanthophora s p i c i f e r a  
Halophil  a hawaiiana 
Amansia glomerata 

- H. hawaiiana 
- A. glomerata  
Dictyota  acute loba  
Gelidium sp .  
Acanthophora s p i c i f e r a  

40 
40 
20 

T 
T 
T 
T 

50 
50 
T 
T 

75 
25 
T 
T 
T 

Amansia glomerata 

Acanthophora s p i c i f e r a  
- D. f r i a b i l i s  
Hypnea n i d i f i c a  
Dic tyop te r i s  sp. 
Laurencia n i d i f i c a  
Halophil  a hawai i a n a  
Sargassum polyphyllum 
J a n i a  capillacea 
Halimeda d i sco idea  
Amphipod 

Hypnea sp. 
Laurencia sp. 
Codium edule  
O c i l l a t o r i a  sp. 

- A. s p i c i f e r a  
- H. c e r v i c o r n i s  
Halophil  i a  hawai i ana  

T 

95 
1 
1 
1 
1 
1 
T 
T 
T 

T 
T 
T 
T 

90 
10 
T 
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Table 17 .--Continued. . 

S t r a i g h t  carapace Sample con ten t s  ( X I  
Tag No. l eng th  (em) T = trace 

7 829-30 

8638-39 

7831-32 

8636-37 

8543-44 

7 893-94 

A. s p i c i f  era 
Spyr id ia  f i lamentosa 
Dictyota  d i v a r i c a t a  
L. n i d i f i c a  
Ceramium sp. 
Polysiphonia sp. 
Sphacelar ia  sp. 
Amphipod 

46.7 - 

- 

47.5 

49.3 

51.3 

51.8 

51.9 

52.1 

Acanthophora s p i c i f e r a  
Hypnea c e r v i c o r n i s  
Spyr id ia  f i lamentosa  
Polysiphonia pseudovillum 

Amansia glomerata 
Acanthophora s p i c i f e r a  
L. n i d i f i c a  - - D. d i v a r i c a t a  
Sphacelar ia  t r i b u l  o ides  
Polysiphonia sp. 
H. c e r v i c o r n i s  - 
Spyridia  f i lamentosa  
Ceramium sp. 
Small s n a i l  egg mass 

Halophila hawaiiana 
S. f i lamentosa - A. s p i c i f e r a  
Lyngbya sp. 

S. f i l amentosa  - A. s p i c i f e r a  
L. n i d i f i c a  
H. c e rv i co rn i s  
Centroceras clavulatum 
Sargassum polyphyllum 
Dic tyota  sp. 
Amphipods 
Small s n a i l s  

- 

- 
- - 

A. s p i c i f e r a  
H . hawai i an a 
Amansia glomerata 
ttypnea c e r v i c o r n i s  
Ceramium sp. 

- 
- 

75 
25 

T 
T 
T 
T 
T 

99 
T 
T 
T 

75 
25 
T 
T 
T 
T 
T 

99 
T 

50 
30 
20 

T 

40 
20 
20 
20 

T 
T 
T 

95 
2 
2 
1 
T 
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Table 17 .--Continued. 

S t r a i g h t  carapace Sample conten ts  ( X I  
Tag No. l ength  (cm) T = t r a c e  

7827-28 

85 47-48 

8627-28 

8453-55 

7833-34 

7 835-36 

7921-23 

53 .O 

53.6 

55.8 

60.2 

63.4 

68.6 

71.3 

Chondrococcus hornemanni 
A. glomerata  
Acanthophora s p i c i f e r a  
Amphipod 

- 
99 
T 
T 

Amansia glomerata 
Gelidium sp. 
Halophila hawaiiana 
Ceramium sp. 
Acrochaetium sp. 
Sphacelar ia  sp. 
Amphipods 

Acanthophora s p i c i f e r a  
Hy pne a c e rv i c orn i s 
Cent r oceros  c l  avul  atum 
Polysiphonia sp. 
G e l i d i e l l a  sp. 

Amansia glomerata  
Ceramium sp. 
Hypnea sp. 
Polypiocladia  ca lodic tyon  
Amphipod 

Turbinar ia  o rna ta  
- A. glomerata  
Chondrococcus hornemanni 
D ic tyop te r i s  plogiograma 
Amphipods 

Spyrihia  f i lamentosa  
Acanthophora spicifera  

95 
5 
T 
T 
T 
T 

99 
1 
T 
T 
T 

99 
T 
T 
T 

40 
30 
30 
T 

75 
25 

Amansia glomerata T 
Bryopsis pennata  T 
Valonia aegagrop i l a  T 
Ceramium sp. T 
- L. maiuscula T 
O s c i l l a t o r i a  sp. ' T  

a0 Acanthophora s p i c i f e r a  
S. f i lamentosa 
V. aegauropi la  
Polys iphonia  home  i 
Amphipods 

15 
5 
T 

- - 

'Tag r ecap tu res  r e s u l t i n g  i n  growth data.  See Table 19. 
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Table 18.--Injuries and abnormal i t ies  found on 15 green t u r t l e s  
a t  Palaau. Molokai. 

~ ~~~ 

S t r a i g h t  carapace 
Tag No. l eng th  (cm) Descr ip t ion  

9421-22 44.1 Healed s l i t  between t h e  11th r i g h t  marginal 
s c u t e  and pos t cen t r a l .  

7882-83 48.0 Healed inden ta t ion  i n  f i r s t  and second l e f t  
l a t e r a l  scu tes .  

7842-43 50.2 Large healed p iece  missing from t h e  10th  and 
1 1 t h  r i g h t  marginal scu tes .  

9435 

9409-10 

8634-35 

7819-20 

8533-34 

52.3 Healed i d e n t a t i o n  between t h e  11 th  r i g h t  
marginal s c u t e  and pos tcent ra l .  A substan- 
t i a l  por t ion  of t h e  t r a i l i n g  edge of t h e  l e f t  
f r o n t  f l i p p e r  miss ing  but healed. 

56.4 

57.8 

63.7 

65.1 

'Ibo healed gouges on t h e  l e f t  s i d e  of the 
carapace. Photo taken. 

Healed p iece  missing from four th  r i g h t  
marginal scu te .  

P a r t l y  healed puncture i n  second c e n t r a l  
scute.  l i k e l y  from spear  pene t ra t ion .  

Large healed inden ta t ion  i n  s i x t h  and seventh 
l e f t  l a t e r a l  mu tes .  Also a missing healed 
s t r i p  from t h e  t h i r d  through 8th l e f t  mar- 
g ina l  scu tes .  

7 046-47 66.3 Deep p a r t l y  healed l a c e r a t i o n s  t o  l e f t  
hind f l i p p e r .  Right pos tcent ra l  s c u t e  broken 
o f f .  Photo taken. 

7817-18 70.3 Deep scra tches ,  l i k e l y  from shark a t t ack ,  
a c r o s s  seve ra l  a r eas  of t he  carapace. 

7 808-09 73.3 Healed p ieces  missing from t r a i l i n g  edge of 
r i g h t  f r o n t  f l i p p e r .  

7 844-45 76.0 P a r t l y  healed puncture,  l i k e l y  from spea r  
pene t ra t ion ,  i n  second r i g h t  l a t e r a l  scute.  

9401-02 77.5 Healed p i ece  missing from l e f t  hind f l i p p e r .  

7048-50 70.6 Deep scra tches .  l i k e l y  from shark a t t a c k ,  
ac ross  severa l  a r e a s  of t he  carapace. Fresh 
l a c e r a t i o n s  on l e f t  hind f l i ppe r .  

7 83 9-41 79.4 Deep 6cratches.  l i k e l y  from shark a t tack .  
a c r o s s  seve ra l  a r e a s  of t he  carapace and on 
the  t o p  of the  head. 
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Table 19.--Growth rates  of seven immature green turtles 
recaptured a t  Palaau, Molokai. 

Carapace length Growth rate Growth rate 
Date tagged i n  cm Recovery i n  cm/month i n  cm/year 

Date interval  
Tag No. recaptured Straight Curved (months) Straight Curved Straight Curved 

7303-04 1/6/84 40.0 43 .O 15.5 0.24 0.23 2.86 2.71 
4/ 231 85 

7 30 1-02 1/5/84 
4/ 23 / 85 

7 893 - 94 4/ 2 4/ 85 
7/18/85 

637 6-7 7 8/30/82 
4/ 23/85 

8627-28 4/ 25/ 85 
7/ 17 / 85 

7917-18 4/ 2 4/ 85 
7/ 17 / 85 

7921-23 4 /  2 4/ 85 
7/ 18/85 

Mean growth rate 

42.0 44.5 15.5 0.15 0.16 1.86 1.94 

51.5 55.5 2.8 0.14 0.18 1.71 2.14 

57.5 31.8 -- 0.33 -- 3.96 -- 

55.3 59.0 2.8 0.18 0.18 2.14 2.14 

57.2 60.6 2.8 0.07 0.14 0.86 1.71 

71.0 78.0 2.8 0.11 -- 1.29 -- 

0.15 0.20 1.78 2.43 
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Table 20.--Homing behavior  exh ib i t ed  by 10 green t u r t l e s  
recaptured  on Molokai. 

S t r a i g h t  Capture Release Recapture 
carapace s i te  and s i t e  and s i t e  and I n t e r v a l  

Tag No. l eng th  (cm) da te  date da te  (months) 

_I_ 

73 03-04 

73 01-02 

7 893-94 

8627-28 

7917-18 

863 4-35 

7939-40 

6376-77 . 

8 847-48 

7921-23 

43.7 

44.4 

51.5 

55.3 

57.2 

57.8 

59.5 

63.3 

67.0 

71.0 

Palaau 
1/6/84 

Palaau 
1/5/84 

Palaau 
4/ 24/ 85 

Palaau 
4/ 25/ 85 

Palaau 
4/24/85 

Palaau 
4/24/85 

Palaau 
4/ 11/ 85 

Palaau  
8/ 3 O/ 82 

Palaau 
7 / 1 1/ 85 

Palaau 
4/ 24/ 85 

Kawela 
1/6/84 

Pala au 
1/5/84 

Palaau 
4/ 2 4/ 85 

Pala au 
4/25/85 

Palaau 
4/ 2 4/ 85 

Palaau 
4/ 2 4/ 85 

Kaunakakai 
4/ 11/ 85 

Palaau 
8/3 O/ 82 

Kaunakakai 
7/11/85 

Palaau 
4/24/85 

Palaau 15.5 
4/ 2 3 / 85 

Palaau 15.5 
4/23/85 

Palaau 2.7 
7 /18/ 85 

Palaau 2.7 
7/17/85 

Palaau 2.7 
7 / 1 7 / 85 

Kawela 2.0 
6 /2 9/ 85 

Palaau 0.5 
4/24/85 

Palaau 31.7 
4/23/85 

Palaau 0.3 
7/19/85 

Palaau 2.7 
7 / 1 8/ 85 

Distances 

Kaunakakai t o  Palaau = 8 km 
Kawela t o  Palaau = 17 km 
Kaunakakai t o  Kawela = 9 km 
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Table 21.--Results of t u r t l e  n e t t i n g  e f f o r t  near  t h e  warmwater 
o u t f a l l  i n  Kahului Bay, Maui. 

Net t ing  No. of 
F i e l d  s tudy Durat ion Length of e f f o r t  t u r t l e s  Met er-hours 
da t e  1985 i n  hours  n e t s  (m) (meter-hours) cap tured  per  t u r t l e  

7 May 5 9 
17 June 7 18 
18 June 6 36 
19 June 6 36 
20 June 6 55 

-- Overall 30 

45 
126 
2 16 
21 6 
330 

1 45 
1 126 

3 2  108 
10 
24 82 

-- 

93 0 8 117 

'An a d d i t i o n a l  t u r t l e  w a s  captured by hand on each of t hese  n i g h t s  
wh i l e  s k i n  d iv ing  i n  t h e  warmwater o u t f a l l .  

21ncludes t h e  r ecap tu re  of a t u r t l e  o r i g i n a l l y  tagged on 18 June 1985. 

Table 22.--Biometrics of nine green t u r t l e s  sampled near  t he  warmwater 
o u t f a l l  i n  Kahului Bay, Maui. 

Carapace l eng th  Carapace width T a i l  Front 

S t r a i g h t  Curved S t r a i g h t  Curved l e n g t h  sex width width 
Tag No. ( c m )  (cm) (cm) (a) (cm) ( cm) (cm) ( e m >  

P l a s t ron  length /  Head f l i p p e r  

8456-57 
8479-81 
7 2/ 0-7 2 

8482-85 
847 6-7 a 
846 4-6 7 

8468-7 l1 
8486-882 

847 2-75 

44.8 
71.8 
78.3 
80.4 
86.0 
86.2 
90.2 
92.0 
96.5 

35.7 
55.9 
59.3 
62.3 
65.5 

63.9 
69.2 
73.0 

-- 

41.5 
69.0 
77.5 -- 

35.4 6.5(?) 7.0 
56.8 12.5(?) 10.5 
64.2 25.O(M) 10.7 
66.9 13.7(F?) 11.5 
68.4 20.3(F) 11.8 
70.4 40.2(M) 12.2 
71.2 22.O(F) 11.8 
72.7 20.O(F) 12.3 
78.0 28.O(F) 14.1 

7.8 
12.9 
13.6 
12.9 
15.5 
14.8 
14.8 
14.6 
16.6 

kap tu red  by hand whi le  s k i n  d iv ing  a t  n igh t  nea r  t h e  warmwater o u t f a l l .  

'Numerous small tumors present  on most s k i n  s u r f a c e s  and both eyes.  This  
t u r t l e  w a s  found dead of unknown causes  a t  Nehe Point ,  23 July 1986. 2.2 km nor th  
of where i t  had been tagged on 20 June  1985. 
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Table 23.--Ident i f icat ion of stomach contents  sampled from seven green 
t u r t l e s  near  t he  warmwater o u t f a l l  i n  Kahului Bay, Maui. 

S t r a i g h t  carapace Sample conten ts  ( X I  
Tag No. l eng th  (cm) T = trace 

8456-57 

847 9-81 

7 27 0-7 2 

a47 6-7 8 

84 82- a5 

846 4- 67 

847 2-75 

44.8 

71.8 

78.3 (MI 

80.4 (F?) 

86.0 (F) 

86.2 (M) 

90.2 (F) 

Pte roc lad ia  sp. 
Laurencia sp. 

L. n i d i f i c a  
Amansia glomerata 
- 
Acanthophora s p i c i f e r a  
Chondrococcus hornemanni 
Ceramium sp. 
Codium edule  
Dictyota  sp. 
Small c rab  
T e r r e s t r i a l  g r a s s  f i b e r s  
Sand 

-.__ C. edule  
Antithamnion sp. 
Climacosphenia sp. 
Synedra sp. 

Codium edule  
Acanthophora s p i c i f e r a  
Amansia glomerata 
Champia p a r v u l a  
Laurencia n i d i f i c a  - J a n i a  c a p i l l a c e a  
P te roc lad ia  sp. 
Acrochaetium seriatum Boerg. 

Acanthophora s p i c i f e r a  
Amaneia Rlomerata 
Codium phasmaticum 

- -  C. edule  
Acanthophora spicifera  

Red-orange pa in t - ch ips  
Small c rab  l e g  and eyes  

C. edule  
A. s p i c i f  era 
- -  
- 
Amansia glomerata  
Ahnfe l t ia  concinna 
Hypnea pannosa 
Ceramium sp. 

T 
T 

50 
25 
25 
T 
T 
T 
T 

99 
T 
T 
T 

99 
1 
T 
T 
T 
T 
T 
T 

99 
T 
T 

95 
T 
T 
T 

99 
1 
T 
T 
T 
T 
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Table 24.--Injuries and abnorma l i t i e s  found on f i v e  green t u r t l e s  
near  t he  warmwater o u t f a l l  i n  Kahului Bay, Maui. 

~- - -  ~- ~ ~~ ~ 

S t r a i g h t  carapace 
Tag No. l ength  ( c m )  Descr ip t ion  

847 9-81 

7270-72 

8464-67 

846 8-7 1 

8486-88’ 

71.8 Hole i n  f i r s t  r i g h t  l a te ra l  l i k e l y  
caused by a spea r  or harpoon. 

78.3 P a r t i a l l y  healed inden ta t ion  4.5 cm i n  
diameter i n  t h i r d  c e n t r a l  s c u t e  of 
carapace. Poss ib ly  a gunshot wound t h a t  
impacted underwater, or blow by a d u l l  
i n  st rument . 

86.2 

92.0 

96.5 

Thick mound of scar t i s s u e  around 1 c m  
diameter h o l e  i n  r i g h t  v e n t r a l  region 
of neck. A l i k e l y  spear  puncture.  

Blind i n  r i g h t  eye  due t o  completely 
a t rophied  eyebal l .  Healed p i e c e  missing 
from r i g h t  h ind  f l i p p e r .  

Numerous tumors ( f ibropapi l lomas)  OD 
both eyes as w e l l  as t h e  ingu ina l  and 
a x i a l  regions.  Healed p ieces  missing 
from t h e  t r a i l i n g  edge of l e f t  front 
f 1 ippe r . 

‘This t u r t l e  was found dead of unknown causes  a t  Nehe Point  on 23 Ju ly  
1986, 2.2 km nor th  of where i t  had been tagged on 20 June 1985. 

Table 25.--Percent i n j u r i e s  and abnormal i t ies  found on d i f f e r e n t  s i z e  
classes of green t u r t l e s  sampled on Oahu, Molokai. and Maui. 
- 

Size  c l a s s  - s t r a i g h t  carapace l e n g t h  (cm) 

Locat ion 35-45 45-55 55-65 65-75 75-85 > 85 

-- Kawela Bay, Oahu N = 34 1 4X 1 4% 0% 33% 0% 

-- Palaau, Molokai N = 133 0% 1 1% 8% 16% 67 % 

100% 5 0% 60% -- -- Kahului Bay, Maui N = 9 0% 
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Table 26.--Percent n u t r i e n t  composition' of ben th ic  a l g a e  c o l l e c t e d  
near  t h e  warmwater o u t f a l l  a t  Kahului Bay, Maui. 

Acid de t e rgen t  f i b e r  
Neutral  

Algae D r y  Crude Ether  de t e rgen t  Permanganate Cellu- 
(source) matter p r o t e i n 3  extract Ash f i b e r  1 i g n i n  l o s e  

Codium edule  7.4 10.7 0.5 57.0 26.6 3.4 6.9 
(near  warmwa ter 
o u t f a l l )  

- -  C. edule  5.6 8.2 0.6 ' 60.1 21.8 3.5 6.2 
(from channel 
200 m of fshore)  

- C. reediae  5.3 12.2 0.8 53.5 23.8 
(near  warmwater 
outf  a1 1) 

Acanthophora 6.8 23.2 0.1 45.3 23.1 
s i c i f e r a  
*mater 
out  f a1 1) 

2.5 

6.8 

5.6  

8.9 

'Reported on a dry matter b a s i s  as determined by the  "proximate ana lys i s "  
method commonly used f o r  terrestrial  animal forage.  

2Present  i n  ben th ic  a l g a e  as  a complex polysacchride;  not  t r u e  l i g n i n  or 
c e l l u l o s e  a s  found i n  terrestrial  p l an t s .  

3Nitrogen X 6.25. 
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Table 27 .--Mineral composition’ of ben th ic  a l g a e  c o l l e c t e d  n e a r  t h e  
warmwater o u t f a l l  i n  Kahului Bay, Maui. 

Percent  age P a r t s  p e r  m i l l i o n  

Algae (source) Ca P K Mg Na Fe Cu Mn Zn 

Codium edule  (near  5.68 0.11 2.88 1.84 >a.75 918 13 425 10  
warmwater o u t f a l l )  

- -  C. edule  (from 1.68 0.09 4.45 1.98 >8.75 385 10 44 9 
channel 200 m 
offshore)  

C. r eed iae  (near  1.15 0.14 1.13 1.60 >8.75 251 3 4  244 21 - 
warmwater o u t f a l l )  

4.38 0.29 1.44 0.80 0.95 1,838 198 1,036 67 Acanthophora 
s p i c i f e r a  (near  
w a  rmwa ter out f a1 1) 

‘Dry matter bas i s .  Ca = Calcium; P = Phosphorus; K = Potassium; Mg = 
Magnesium; Na = Sodium; Fe = I ron;  Cu = Copper; Mn = Manganese; Zn = Zinc. 

4 



81 

Table 28.--Biometrics of green t u r t l e s  sampled a t  Lanai and Maunalua Bay, Oahu. 

Carapace length Carapace width Front 

Straight Curved Straight Curved length length width width 
Tag N o .  ( cm) ( cm) ( cm) ( cm) ( cm) ( cm) (cm) (cm) 

Plastron Tail Head fl ipper 

Kecmuku, Lanai 

7259-60 
7 264-6 6 
7 267-69 
7 261-63 

8514-15 
8516-18 

7251-58 
7273-74 
8451-5 2, 
7275 

52.1 
62.3 
65.8 
75.8 

-- 
-- 

39.2 
41.7 
62.2 

56.0 
66 .O 
69.5 
81.5 

47 .O 
72.5 

40.1 
43.7 
66.5 

41.2 49.0 41.1 
48.7 59.5 50.8 
51.9 64.0 52.7 
57.3 76.0 61.3 

Kuahaa, Lanai 

-- 43.7 37.5 
-- 66.0 57 .O 

Maualua Bay, Oahu 

34.8 40.0 31.1 
34.5 40.5 34.3 
49.2 61.5 49.8 

10.0 
11.0 
13.5 
15 .O 

-- 
-- 

7 .O 
7 .O 

13 .O 

7.8 
6.3 
9.5 
10.3 

-- 
-- 

6.3 
6.6 
9.6 

8.7 
9.7 

10.6 
12.3 

-- 
-- 

6.2 
7.1 
10.4 



82 

Table 29.--Ident i f icat ion of stomach contents  sampled from green t u r t l e s  
a t  Lanai and Maunalua Bay, Oahu. 

S t r a i g h t  carapace Sample conten ts  (%I 
Tag No. l eng th  (cm) T = t r a c e  

Waiopae, Lanai 38.9 
( n a t u r a l  mor t a l i t y  
on 2 8  A p r i l  1985) 

Hal epal  aoa, Lanai 
( n a t u r a l  mortal i ty 
on 4 May 85) 

38.9  

Keomuku, Lanai 

7259-60 52.1 

Acanthophora s p i c i f e r a  
Codium edule  - C. arabic-  
Chondrococcus hornemanni 

Stomach c o n t e n t s  
F i l e f i s h  bones 
Amansia plomerata  
Acanthophora s p i c i f e r a  

I n t e s t i n a l  contents 
Amansia glomerata 
Codium edule  
Acanthophora s p i c i f e r a  
Dictyosphaeria  v e r s l u y s i i  
F ish  bones 

Amansia glomerata  
J a n i a  c a p i l l a c e a  
Acanthophora s p i c i f e r a  
Ceramium sp. 

- 

99 
1 
T 
T 

99 
1 
T 

99 
1 
T 
T 

99 
T 
T 
T 

7267-69 

Kuahua, Lanai 

8514-15 

85 16-1 8 

Maunalua Bay, Oahu 

7257-58 

65.8 

l47.0 

l72.5 

Amansia glomerata 
Hypnea c e r v i c o r n i s  - J a n i a  c a p i l l a c e a  
Sargassum polyphyllum 
Amph i p  ods 
Copepods 

Acanthophora s p i c i f e r a  
Hypnea musciformis 
G r i f f i t h s i a  sp. - Ulva f a s c i a t a  

- A. s p i c i f e r a  
Hypnea musciformis - Ulva f a s c i a t a  

39.2 Codium edule  - C. arabicum 

99 
T 
T 
T 

90 
10 

T 
T 

90 
5 
5 

67 
33 

lCurved length .  



3 

&. 
o p t  
0 

-? 



84 

I 1 

INSHORE HABITAT 

FEEDING - RESTING 

(JUVENILES 1 

BEACH HABITAT 

BASKiNG 

JUVENILES 

I PELAGIC HABITAT 

INSHORE HABITAT 

FEEDING - RESTING 

(JUVENILES - SUBADULTS - ADULTS) 
+ 

ADULTS 
BASKING 

INSHORE HABITAT 

COPULATION - 
FEEDING - RESTING 

FEEDING - RESTING - HATCHLINGS 

t I  
ADULTS 

BEACH HABITAT 

NESTING - BASKING 

Figure 2.--Life h is tory  and habi tat  model for the  Hawaiian green t u r t l e .  
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Figure 5.--Relationship of the straight  and curved carapace length for  163 
green t u r t l e s  samples a t  Palaau, Molokai and Kawela Bay, Oshu. 
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Figure 10.--Size c lasses  in 10-cm increments of green t u r t l e s  sampled a t  
Kawela Bay. Oahu; Palaau, Molokai; and Kahului Bay, Maui. 
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Figure 13.--West Beach, Oahu, l a t .  21°21'N, long. 158°08'W. Adapted from N O M  
chart 19357 (depth i n  fathoms). 
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Figure 15.--Honokowai. Maui. l a t .  20°57'N, long.  156O42'W. Adapted from NOAA 
chart 19348 (depth i n  f a t h o m ) .  
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Figure 17.-Olawalu. Maui. lat. 2O049'N. long. 156O38'W. Adapted from NOAA 
chart 19348 (depth in fathoms). 
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Figure 18.--Keomuku, Lanai, l e t .  .2O051'N, long. 156°50'W. Adapted from NOAA 
chart 19347 (depth i n  fathoms). 
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Figure 19.--Kuahua (Shipwreck Beach), Lanai, lat. 20°55'N. long. 156O5S'W. 
Adapted from NOAA chart 19351 (depth in fathoms). 
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Figure 20.--Polihua Beach, Lanai, lat. 20°55'N. long. 157OO3'W. Adapted from . 
NOAA chart 19351 (depth in fathoms). 
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