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ABSTR4CT 

IA2 o r d e r  t o  develop b a s e l i n e  d a t a  on t h e  eco logy  of t h o  

Hawaiian green  t u r t l e  (Chelonia)  popu la t ion  i n  a  f e e d i n g  

p a s t u r e  s i t u a t i o n ,  i n t e n s i v e  t agg ing  s t u d i e s  w e r e  conducted 

on t h e  i s l a n d  of Hawaii (19"N; 155OW) d u r i n g  t h e  months of 

J u l y  throxgh Septerrher, 1 9 7 6 .  The p o p u l a t i o n  was sampled 

u s i n g  t zchn iques  dev ised  by t h e  a u t h o r s  and invo lved  hand 

c a p t u r e s  w i t h  subsequsn t  examinat ion and t a g g i n g ,  These 

i n v e s ~ i g a t i o n s  were des igned  t o  compliment t a g  and r e c a p t u r e  

s t u d i e s  of  Chelonia  a t  French F r i g a t e  Shoa ls  ( 2 4 O N ;  160°W) 

and &lidway (2g0N; 179 OW) being  conducted by George Balaz  of  

t h e  Haw3i.i I n s t i t u t e  of  Marine Biology and t h e  U. S. F i s h  

- -  . - -  - 
.,f--2!L:zE? ssz-7i.22. 

INTRODUCTION 

There are s e l e c t e d  a r e a s  w i t h i n  t h e  major  i s l a n d s  of t h e  
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.-- dzz,~n . A ? - C T L ~ S ~ ; ) C ~ =  ( i 3 3  to 2 3 O J T ;  1 ? 5 O  t o  179SW) whit'? 1i.ai.n- 

t a i n  a fesding popu ia t ion  of g r n e n  t u r t l e s .  Thzse t u r t l e s  

grass s ~ - : ~ x ~ r i l y  on benthic a lgaes  Eound a long  t h e  coas ta l  



regions and often venture within several meters of the 

shoreline. Uneven distribution and accessability restrict 

the icdepth investigation of most feeding sites and remain 

complicating factors in those choice sites where investi- 

gations are possible. The criteria for the investigation of 

green turtles in the feeding pasture situations ultimately 

. ., 
c e n t e r s  on the proa-"x of capturing adequate numbers of 

aniztals 2irectly from the sea. 

In order to obtain information on turtles present in 

the feeding pastures, a study area was chosen in the district 

of Ka'u on the island of Hawaii. Extending from the small 

bay at Rawa to the black sand beach at Kamehame (Fig. 1). 

this study area may best be described as a windblown stretch 

of basaltic, cliff bearing coastline located on the southeast 

shore of the island of Hawaii. 

The principal objectives of this baseline study were to 

tag as many turtles as possible within the time frame allowed 

and to make behavioral observations of green turtles in the 

RESEARCH TECHNIQUES 

The development of a simple technique for the capture 

~ r '  g r e e 2  ? .~r t l s ;  that ~ ~ j o u l d  satisfy both the conditions of 

the scientific coliectinq permit ($76-51) (a copy of the 

2srmit in A?ls~dix I) and the need to maximize the unit 



(Fig. 1) 
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e f f o r t  f i n a l l y  c e n t e r e d  on t h e  u se  of  "SCUBA" and t h e  "one 

t u r t l e ,  one d i v e r "  approach.  One member of t h e  d i v e  team 

would c a p t u r e  t h e  animal  and a l l ow t h e  t u r t l e  t o  s w i m  u n t i l  

tires. A t  t h i s  p o i n t ,  t h e  o t h e r  d i v e r  would a i d  i n  swimming 

t h e  marine  r e p t i l e  t o  t h e  boa t .  The s i z e  of t h e  t u r t l e  w a s  

i n c o n s e q u e n t i a l ,  f o r  a l t hough  t h e  l a r g e r  had q r e a t e r  acce- 

l e r a s i o n  aid s t r z n g 5 ,  t h e  subsequent  c e s s a t i o n  of a c t i v i t y  

al lowed t h e  second x e ~ b e r  o f  t h e  team t o  zid i n  hand l ing  

t h e  animal ,  

The a g i l i t y  and speed o f  a  marine t u r t l e  when approached 

by d i v e r s  i s  s u b s t a n t i a l  and c a p t u r e s  were s u c c e s s f u l  o n l y  

when t h e  animal  w a s  caught  unaware. The most p r a c t i c a l  and 

u s e f u l  approach involved a  p a r t i c u l a r  phase  of s e a  t u r t l e  

behav io r  t e r n e d  t h e  " s l e e p  phase ,"  

With t h e  development o f  a  s u c c e s s f u l  c a p t u r e  t echn ique ,  

a  problem a r o s e  d e a l i n g  w i t h  f i n d i n g  t h e  t u r t l e  i n  t h e  " s l e e p  

phase ,"  The r e c o g n i t i o n  of s u i t a b l e  r e s t i n g  a r e a s  became 

a lmos t  i n t u i t i v e  and involved  s u b s t r a t e  i d e n t i f i c a t i o n  i n  

t e n . s  cf 'i:cely - zre2s f o r  s l e e ~ i n g  t u r t l e s .  

Each c a p t u r e  r e q u i r e d  t h a t  t h e  an imal  be brought  aboard  

t h e  i n f l a t a b l e  f o r  measurements and c a r e f u l  examina t ion ,  A 

t a p e  measure was used t o  r e c o r d  t h e  n a t u r a l l y  a r ched  ca rapace  

l e n g t h  and wid th  termed "curved l i n e "  and c a l i p e r s  de te rmined  

- .  t h e  "straight ilce" measuraments. Both werz made a long  t h e  

v e r t e b r a l  szxces  bzginninq wi th  t h e  p r e c e n t r a l s  and t e r m i -  

n a t i n g  a t  t3e p o s t e e n t r a l a .  The l e n g t h  of t h e  t a i l  beyond 



the plastron and carapace was noted. A visual examination 

was made for abnormal plate counts (carapace) and other 

unusual morphological characteristics. A numbered metal 

tag bearing the inscription "notify University Hawaii, HIMB, 

Kaneohe, 96744" was attached to the proximal, caudal portion 

of one of the pectoral flippers. Weights were taken on 

turtles under 50 Ibs. The animal was then released with the 

entire above water procedure averaging less than ten minutes. 

HABITAT AND BEHAVIOR 

SLEEPING 

The bottom topography was of major importance in deter- 

mining areas searched for turtles. The best chances to affect 

a capture were times when the turtles were in a "sleeping 

phase", and this directed our attention to a particular type 

of substrate. Vie identified three major kinds of suitable 

habitat for sleeping, with the corrmon factor to each being the 

presence of some type of recession. Along the Ka'u coastline 

1 7  - - ~ c s s e  a r e s s  F?z l zzsz  tb-e followinq underwater substrates: 

(1) large boulders; ( 2 )  the base of cliff faces; and (3) a 

series of grooves alternating with spurs which extend seaward. 

Our observations on the behavior of turtles while in the 

"sleeping phase" indicates that both the orientation of the 

turtle and the state of awareness exhibited are variable. Sub- 

secuently, slee2ing behavior can be divided into seven stages: 

(1) S?isction of a recess; 



(2) Movement into the recess; 

(3) Positioning for sleep; 

(4) Sleep; 

(5  ) Awakening; 

(6) Movement out from the recess; and 

(7) Swiminq aNay or surfacirig for air. 

, i + i e ~ t h 9 j t  con2ikioxs 2nd allowable scuba time limited our 

observations to just a small portion of this sequence. We can 

only speculate on the time involved for this sleeping behavior, 

but we do feel that at most times a turtle's presence in a 

recess cr compartment indicates that it is in a "sleeping 

phase. " 

Factors in the selection of suitable recess are likely 

dependent upon: 

(1) Size of the turtle relative to the recess; 

(2) Protection from surge; 

(3) Safety fros predation. 

We found turtles sleeping in recessions, compartments 

an? s 3 3 r  pFchss -2n;ing from narrow ledqes to large oPen 

boulder areas. Thsre seems to be a marked preference for 

sleeping in areas with some sand--which forms a "bed;" although 

compartments were observed in which a turtle would sleep on 

rock rubble. We always found slekping turtles to be laying 

with the plastron in contact w i t h  t h e  bottom of t h e  recess. 

One question which we felt was important concerned 

whether turtles return to the same compartment or general 



a r e a  for s l e e p i n g .  Twice t u r t l e s  w e r e  found s l e e p i n g  i n  

t h e  samz recess where t h e  i n i t i a l  c a p t u r e  was made; b o t h  

o c c u r r i n g  a f t e r  a p e r i o d  of  s e v e r a l  weeks. Most of o u r  re- 

c a p t u r e s  on i n d i v i d u a l  t u r t l e s  were made i n  t h e  g e n e r a l  a r e a  

of l ; l k ? i a l  c a p t u r e .  kJ=. t r a n s p o r t e d  one t u r t l e  c a p t u r e d  o f f  

K a n s h ~ 3 e  hill t o  F'unaluu beach for a  s e r i e s  of photographs  

due t o  t h ~  unique n z t u r e  of  t h e  t u r t l e ' s  ca rapace  and i t s  

l a c k  of a l g a e  growth. The fo l lowing  week w e  c a p t u r e d  t h i s  

same t u r t l e ,  once a g a i n  a t  Kamehame, a d i s t a n c e  o f  app rox i -  

mately  t w o  m i l e s ,  Our s p e c u l a t i o n  i s  t h a t  w h i l e  o f f  t h e  

f e e d i n g  ? a s t u r e s ,  t u r t l e s  a r e  somewhat s t a t i o n a r y ,  and 

t h e r z f o r e ,  w i l l  c c c a s i o n a l l y  s l e e p  i n  t h e  same - r eces s  o r  

general v i c i n i t y .  

Ice e a r l i e r  mentioned t h e  t h r e e  t ypes  of  s u i t a b l e  h a b i t a t  

f o r  s l e e p i n g .  During t h e  cou r se  of  t h e  s tudy  w e  found t h e s e  

t o  be  dep th  independent .  The m a j o r i t y  of o u r  s l e e p i n g  cap- 

t u r e s  w e r e  made between 30 and 4 5  f e e t  i n  dep th ,  y e t  w e  a l s o  

mads a c a p t u r e  a s  sha l low a s  8 f e e t .  

Many t i m e s  W-2 n o t i c e d  that  rnrtlzs would be s l e e p i n g  in 

c l o s e  prox imi ty ,  Perhaps  t h e r e  i s  some community a s s o c i a t i o n  

here, o r  it may be a f a c t o r  of  t h e  a v a i l a b i l i t y  o f  compartments, 

Twice w e  f o u d  two t u r t l e s  s l e e p i n g  i n  t h e  same r e c e s s .  

- - ~ ~ s u a l l y  a zor ,?ar tnent  s e l e c t e d  f o r  s l e e g i n g  c o n t a i n e d  a 

very l i m i t e d  2 o p u l e t i o n  of  f i s h ;  a l though  on o c c a s i o n s  w e  

n o t i c e d  t h e s e  t y p e s  which f r e q u s n t  r e c e s s i o n s  s i m i l a r  t o  t h o s e  

used by s l e e ~ i n g  t u r t l e s :  Menapachi ( M y r i p r i s t i s  B e r n d t i ) ,  



Aweoweo (P r i acan thus  C r u e n t a f a s ) ,  P a l a n i  (Acanthurus ~ u s s u m i e r ) ,  

Kala (Naso Unicorn is )  and v a r i o u s  c a r d i n a l  f i s h e s  ( f a m i l y  

Gene ra l ly ,  o u r  d i v e s  w e r e  made a t  s u n r i s e  o r  d u r i n g  t h e  

e a r l y  morning hours ,  Th i s  p rec luded  o u r  e s t a b l i s h i n g  a s t a n -  

cxcdized d a i l y  p a t t e r n  f o r  t h e  s l e e p i n g  phase ,  i f  i ndeed  one 

i s  Zpon adviscr.szt from a l o c a l  t u r t l e  e x p e r t ,  &!re Arnold 

- -  
- ~ ~ w a r d ,  - a  s e r i e s  02 Zive n i g h t  d i v e s  were made a t  l u n a l u u  i n  

a r e a s  where t u r t l e s  have been known t o  s l e e p  a t  n i g h t .  Under 

va ry ing  c o n d i t i o n s  of t i d e ,  moon phase  and wea the r ,  one juve- 

n i l e  was s i g h t e d  and a n o t h e r  cap tu red .  Both a r e a s  w e r e  sand  

l edges  w e l l  i n s i d e  t h e  r e e f  break and c l o s e  t o  sho re .  

=STING 

The d i f f e r e n t i a t i o n  between s l e e p i n g  and r e s t i n g  is 

based on t h e  t u r t l e ' s  behav io r ,  a l t hough  t h e r e  nay be some 

o v e r l a p  between t h e  two. S l eep ing  t u r t l e s  w e r e  always found 

i n  some type  of r e c e s s i o n ,  y e t  many t imes  t u r t l e s  were  ob- 

szr-;e2 o u t  i n  ""2 -?ex i n  a r e s t i n g  o r  perched a t t i t u d e  on 

t h e  bottom. A t u r t i s  e x h i b i t i n g  t h i s  behav io r  i s  a l e r t  and 

w i l l  f l e e  when approached. S i m i l a r l y ,  t u r t l e s  w e r e  found i n  

r e c e s s i o n s  e q u a l l y  a l e r t  b u t  s imply may have been e n t e r i n g  o r  

l e a v i n g  t h e  s l e e p i n g  phase.  Th i s  ' c o n s t i t u t e s  t h e  p o t e n t i a l  

o v e r l a p .  

S u i t a b l e  h a b i t a t s  f o r  t h e  r e s t i n g  behav io r  a r e :  an open 

sand a r e a  o r  any f l a t  p a t c h  of sand amongst a  c o r a l  o r  l a v a  



s u b s t r a t e .  When i n  t h i s  r e s t i n g  phase ,  t u r t l e s  can  be  

ap2roached but a r e  hard  t o  c a p t u r e  due t o  t h e i r  p r o p e n s i t y  

t o  r ise  and move away a s  d i v e r s  c l o s e  i n .  While l e a v i n g  

t h e  bottom, t u r t l e s  e x h i b i t  a  ve ry  mobi le  u se  o f  t h e  front 

f l i p p e r s .  They w i l l  r i se  up on t h e  two p e c t o r a l  l imbs ,  

shove o f f  and begin s x i m l n g .  A t  tines, t u r t l e s  a l s o  u s e  

-cks f l i 2 a e r s  a s  walkF. i ig  li2,Ss w h i l e  ~ . o v i n g  l n t o  and away 

f rcx t k i r  s lez2Fng conpar tments .  

Depth was an i n t e r e s t i n g  f a c t o r  i n  t h e  l o c a t i o n s  where 

r e s t i n g  t u r t l e s  were observed.  The m a j o r i t y  of  o u r  s i g h t i n g s  

were b ~ t w e e n  30 and 8 0  f e e t ,  w i t h  t h e  deepes t  a t  1 1 0  f e e t .  

SXI?MIXG 

The b u l k  of o n r  t u r t l e  s i g h t i n g s  come under t h i s  head ing .  

I n c l u s i v e  h e r e  a r e  t r a n s i t  t o  and from t h e  f e e d i n g  p a s t u r e s  

and s l e e p i n g  a r e a s .  T u r t l e s  s w i m  w i t h  a g r a c e f u l ,  g l i d i n g  

pace ;  on ly  t h e  f r o n t  f l i p p e r s  a r e  used f o r  locomotion,  and 

these? s t r o k e  i n  unison.  The on ly  t ime  w e  observed  a  r a p i d  

s..iF:-~L:cj ~ .=vsxe??  T,.;as x k - e ~  a t u r t l e  was a t te rcp t inq  t o  evade 

capture. Older  turtles ( a d u l t s  and sub -adu l t s )  w e r e  more 

a l a r a e d  by t h e  p re sence  o f  d i v e r s  t h a n  t h e  j u v e n i l e  members 

of t h e  popu la t ion .  T h i s  i s  evidenced by t h e  s i z e  r ange  o f  

t u r t l e s  which were c a p t u r e d  v i a  t h e  swimming methods (no 

I --,-... LLL L l e  l a r g e r  t h a n  19 i n c h e s )  . 
A t u r t l e ' s  l o c a t i o n  i n  t h e  wate r  column w h i l e  swimming 

i s  depsndent  upon i t s  a c t i v i t i e s .  I n  t h e  r e l a t i v e l y  sha l low 



waters where our observations were made, turtles seem to 

prefer swimming near the bottom. Breathing required a brief 

&,- iLi2 to the surface, where a ;urtle may tabe one or several -. - . . 

breaths before making its descent. If approached while sur- 

facing for air, turtles will flee, usually without renewing 

I ,  . - q 2 1 -  air supply. Al~~.ost all evasive movements were made 

01 oze occasion we observed a grooming activity take 

place with a swimming turtle. A school of rudder fishes 

(Kphosus Cinerascens) surrounded a large turtle and were 

eating algae from the carapace. It seemed that the turtle 

was consciously allowing the fish to execute this behavior, 

as it rexained motionless in the water column for a period 

of about two minxtes before moving away. 

FEEDING 

Tee feeding pastures along the Xa'u coastline consist 

of a series of bays and inlets where algae growth is abundant 

in ?he shallows. 0-r observations of feeding behavior were 

stric~ly Ilmited to shoreline sightings. All of our attempts 

to view this as7ect while diving were thwarted by the turtles 

flening toward deep water. 

A n  ideal location for shoreline observations of feeding 

;irsl,?s Ls Younc zt a site locally known as Turtle 3ay, sone 

200 yards northeast of Punaluu. A small inlet in the bay is 

surrounded by 20-foot high cliffs which afford an excellent 



view of the turtle's feeding behavior. The frequency of 

feeding and concentrations of turtles at this site made our 

observations worthwhile. It was in this area where we tried 

to establish a daily pattern for feeding based upon tides in 

conjunction with the time of day. We were unsuccessful in 

that we found turtles feeding at varying hours and all stages 

Feeding is an active process which appears to require a 

fair amount of energy output. Turtles are usually in a ver- 

tical position with the head cropping algae while the limbs 

maintain this posture. Breath-holding while feeding is very 

limited. Average down times are between 2-4 minutes, with a 

range of 1-8 minutes. Turtles will rise to the surface, 

thrust their head up, and take one or several deep inhalations 

before descending to resume feeding. At times during this 

brief surface interval, we were able to identify individual 

turtles by the location and extent of coralline algae markings 

on the carapace. These markings enabled us to determine that 

rr?anci : ~ , - z l e s  2-22. L 2  -33 sax?. Sre-1 Cizy zfter day. On numerous 

occasions, tagged turtles were noticed amongst the feeding 

population at Turtle Bay. We suspect that these turtles use 

the sleeping areas directly outside the bay, where a large 

percentage of our captures were made. 

With what appeared to be their principal food supply 

being in shallow water near shore, turtles along this coast- 

line must cope with the strong swell conditions generally 



p r e s e n t .  I n  s e v e r e  s u r g e  and s w e l l  c o n d i t i o n s ,  s e v e r a l  

f eed ing  t u r t l e s  were observed complete ly  ove r tu rned  by a 

b reak ing  wave. These s u r f  c o n d i t i o n s  are probably  one o f  
. . 

t h e  main causes  of  t h e  many types-  of damage we-observed on 

t h e  ca rapace  and p l a s t r o n  of t u r t l e s  which we cap tu red .  

The bottom topography a t  T u r t l e  Bay i s  a combinat ion of 

l a v a  s u b s t r a t e  and bou lde r s ;  a l l  of which i s  covered by a 

dense a l g a e  mat. Seven a l g a e  t y p e s  p r e s e n t  were i d e n t i f i e d ;  

a l l  i n  t h e  Rhodophyta ( r e d  a l g a e )  fami ly :  

Halyrnenia - Formosa 

Arnansia - Glomerata - - 

Pte roc l ad . i a  C a p i l l o c i a  - 

Gelidium P u s i l l u x  ( v a r i e t y  p a c i f  icum) 

Mar tens ia  (hemitrema) 

Desmia (chondrococcus) - - 

Cladymenia P a c i  flea - ' 
Although no t u r t l e  was a c t u a l l y  observed i n g e s t i n g  food,  

t h e  a c t i v i t y  was recorded  a t  dep ths  r ang ing  between 2 and 1 0  

- ,  . , . . .  
,.A 2- 2 : '  2 .  - - ; d L ? s  t h e  k u c t l e s  to graze t h e  algaes 

c l o s e r  i n s h o r e ,  b u t  no zona t ion  of a l g a e  t y p e s  w i t h  dep th  

seemed t o  be p r e s e n t  i n  t h e  a r e a s  where c o l l e c t i o n s  were made. 

Apparen t ly ,  t h e  t u r t l e s  f e e d i n g  i n  T u r t l e  Bay a r e  n o t  s e l e c t i v e  

i n  t a k i n g  s p e c i f i c  a l g a e s ,  a s  t h e y  seem t o o  i n t e r s p e r s e d  on 

t h e  bottom. 



S I Z E  COMPOSITION 

With a larqe segment of the c o a s t l i n e  being explored  

on a  d a i l y  b a s i s ,  we were a b l e  t o  view a  r e p r e s e n t a t i v e  sample 

of t h e  t u r t l e  popu la t ion  a long  t h e  Ka'u c o a s t .  Our d a t a  on 

d a i l y  s i g h t i n g s  and t h e  measurements of cap tu red  t u r t l e s  y i e l d  

a  popu la t ion  t h a t  c o n s i s t s  most ly  of sub-adul t s  and j u v e n i l e s  

(Fig .  2 ) .  The t h r e e  terms used i n  t h i s  paper  t o  d i f f e r e n t i a t e  

s i z e  c a t e g o r i e s  w e  d e f i n e  a s :  

J u v e n i l e  - S t r a i g h t  l i n e  carapace  l e n g t h  up t o  18 inches ;  

Sub-Adult - S t r a i g h t  l i n e  carapace  l e n g t h  between 1 8  and 

28  i n c h e s ;  

Adul t  - S t r a i g h t  l i n e  carapace  l e n g t h  29 i n c h e s  and 

g r e a t e r .  

TABLE I. 

t h e  f eed ing  p a s t u r e s  n e a r  Punaluu, S t r a i g h t  l i n e  

measurements, N = 39 ( t o t a l  c a p t u r e s )  

MEAN RANGE 

Carapf3ce l e n g t h  

C a r a p i i ~ e  -.ariZth 



(Fig. 2 )  
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TABLE 11. 

Sizes (in inches) of green turtles captured; 

Curved line carapace measurements, 

MEAN RANGE 

Carapace length 23.0 16 - 4 0  

Cara2ace  width 2 0 . 7  15 - 3 6  

TABLE 1x1. 

Percentages of the population based on 

39 captures: 

18 Sub-Adults 48.7% 

14 Juve~iles 

6 Adults 

This data on the size composition of captured turtles 

is closely supported by our daily recordings of turtle 

sightings. The si~htings consist mainly of our observations 

o' zestifig ani swi;rming turtles. After numorous sightings 

and our measurenents of captured turtles, we became fairly 

adept at judging size distinctions between juveniles, sub- 

adults and adults. 



TABLE IV. 

Percentages of the population based upon 161 

total sightings: 

Sub-Adults 

49 Juveniles 

32 Adults 

We recognize that there is some inherent error in these 

sighting data; however, its effect is probably negligable in 

these results. Th? close correlation for both captures and 

sightings illustrates the non-selectiveness of our capture 

methods: they proved to show a representative population 

sample. 

It is important here to note that our assessment of the 

size composition of turtles at Punaluu represents the summer 

months only; these figures could possibly shift toward a more 

substantial adult population with an influx of turtles from 

nesting beaches soTetime later in the year. 

SEX RATIOS 

Virtually nothing is known about sex ratios in juvenile 

and sub-adult green turtle populations. The principal dis- 

tinguishing feature between the sexes (an elongated tail in 

males) does not show development until the onset of reproductive 



maturity, when the turtle is approximately 28 inches in 

straight line carapace length. Since the turtle population 

off the Ka'u coastline consists mainly of these indeterminate 

sub-adults and juveniles, our assessment of the sex ratio is 

limited to the adult population. 

None of the captured adults or sizeable sub-adults we 

examined evidenced any unusual elongation in the tail. The 

32 sightings of adult turtles yielded only 2 definite males, 

which illustrates a preponderance of females in the adult 

turtle population off Ka'u. 

In an effort to obtain information on sex ratios in the 

sub-adult and juvenile members of the population, measurements 

were taken of the tail lengths pask both the carapace and 

plastron on all captured turtles. Using this data, a regres- 

sion analysis was performed. The resultant set of points 

closely fit the regression line, substantiating the linear 

relationship between carapace length and growth of the tail. 

(Fig. 3) 

Tail lengths (in inches) of captured turtles. 
'\ 

N - 3 9 ,  

MEAN RANGE 

Tail p a s t  carapace - 9 9  0 - 2.5 

Tail past plastron 4.29 2.5 - 3 



( F i g .  3)  
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T a i l  Lengths 

2.ZGPSSSION ANALYSIS OF TAIL LENGTHS 

.. . = cistarsce (in inches) of tail beyond carapace 
x = d i s t a > c -  (in inches) of tail beyong plascron 



UNIT EFFORT AND ABUNDANCE 

During the course of the study 160 scuba bottles (72 

cubic inches) were used in 44 days of diving. We sighted 

161 turtles, captured and tagged 39, and re-captured 13; 

which gives a total of 213 observations. This yields an 

average of 4.8 turtles observed per day, From this data 

alone, it's difficult to make an estimation of the population 

abundance of turtles off the Ka'u coastline. Many of our 

turtle sightings were undoubtedly repeat observations, and 

our limited diving time precluded our viewing the entire 

population. A more extensive tagging operation with some 

type of visible identification to differentiate individual 

turtles would be required in order to make this assessment. 

In addition to our green turtle sightings, we made six 

identifications of hawksbill turtles (Eretmochelys). Visible 

differentiations which we noticed between the green and hawks- 

bill turtles include: the hawksbill's more narrow, pointed 

head; different counts for pre-frontal and post-orbital scales 

of LL ..-- -1 - > 7 ~ . , 2 & 2 ;  = : ; e ~ L ? . 1 3 ; 3 i ? ~ j  S C ~ ~ P S  of t he  carapace ; t.c,.ro c l a i r : ~  
- - 

on each of the front flippers; and a slightly different 

coloration of the flippers, carapace and head. 

Among the six hawksbill sightings were three adults 

and three sub-adults. It's interesting that these three 

adults were among the largest turtles sighted all summer, and 

aiL Tdere females. Due to identification difficulties, we 



inadvertently twice captured hawksbills; these we released 

after making our usual observations and measurements. To 

our knowledge, no hawksbills have nested at Punaluu beach 

within the past year. . .  

TURTLE MOVEMENTS 

Three factors seem to indicate that the green turtle 

population in the Punaluu area was stationary during the 

course of the study: (1) Of the 39 turtles captured, 13 were 

subsequently recaptured; with 8 being sub-adults, 4 juveniles 

and 1 adult; (2) Our shoreline observations of feeding turtles 

which were tagged or otherwise noticeably marked showed daily 

usage of the sane feeding area; (3) While diving, many turtle 

sightings were of the same individuals, and on occasions, 

turtles were found using established sleeping areas. 

Abundant feeding areas, the availability of good sleeping 

sites, and a low level of predation probably all contribute in 

making this an ideal feeding pasture for green turtles. 

Miyraeion roucss for the recruitment of nsw ~ndivldudis, 

and remigrations for reproductive and nesting purposes are not 

thoroughly known for green turtles on the Big Island. Our 

study could potentially shed some light on the subject; with 

zeca???2res of ? x ~ r c l e s  tagged at K3'u on other islands or 

nesting beaches. 



The s m a l l e s t  j u v e n i l e s  s i g h t e d  were approximately  14 

inches  i n  s t r a i g h t  l i n e  ca rapace  l e n g t h ;  t h i s  i s  probably  

c l o s e  . t o  t h e  s i z e  where r e c r u i t m e n t  i n t o  t h e  Ka'u f e e d i n g  

p o p u l a t i o n  occurs .  

One i n t e r e s t i n g  c a p t u r e  was a j u v e n i l e  t u r t l e  (16-7/8 

i nches  s t r a i g h t  l i n e  carapace  l e n g t h )  which had Seen tagged  

and r e l e a s e d  by G.  3. B a l a z  at Coconut Island i n  Ransohe 

Bay, (Tag #474) ,  Oahu, 11 months p rev ious .  T h i s  i s  a  minimum 

t r a v e l  d i s t a n c e  t o  Ka'u of  344 k i lome te r s .  Although t h i s  young 

t u r t l e  had been r a i s e d  i n  c a p t i v i t y ,  it appeared t o  have 

s u c c e s s f u l l y  adapte?. t o  n a t u r a l  c o n d i t i o n s .  Growth d u r i n g  

t h e  t ime p e r i o d  f r o m  r e l e a s e  t o  c a p t u r e  was on ly  1 / 4  i n c h  

i n  ca rapace  wid th ,  w i t h  no i n c r e a s e  i n  l e n g t h .  

INZURIES AND ABNORMALITIES 

Perhaps  the most n o t i c e a b l e  i n j u r i e s  c e n t e r e d  on t h e  

t u r t l e ' s  ca ragace .  Appearing p r i m a r i l y  an t h e  c o a s t a l  s c u t e s  

of all sizs qrguTs, t h e s e  i n j u r i e s  were bo th  f r e s h  and h e a l e d ,  

indicating a comon  o r  ongoing occurancs .  ConsiderLn~ the 

f a c t  t h a t  f e e d i n g  t u r t l e s  f r e q u e n t  sha l low a r e a s  w i th  high 

s u r g e  and wave a c t i v i t y ,  t h i s  ca rapace  damage i s  n o t  

unreasonable .  Observa t ions  of t u r t l e s  upon e n t r a n c e  o r  e x i t  

f r o m  r e c e s s e s  i n 5 i c a t e d  a d e l i b e r a t e  Drocess i n c a p a b l e  of 

v i o l e n t  gouges and c u t s .  A l l  i n d i c a t i o n s ,  t h e r e f o r e ,  p o i n t  

t o  t h e  feedirg a c t i v i t y  a s  a sourcs of i n j u r y  and ev idence  



t h e  u s e f u l n e s s  of  bo th  t h e  p l a s t r o n  and carapace  i n  pro- 

t e c t i n g  a  sha l low feed ing  marine t u r t l e .  

The p e l v i c  l imbs used p r i m a r i l y  f o r  s t e e r a g e  s u s t a i n e d  

a  15% i nc idence  of  p a r t i a l  o r  t o t a l  amputat ion.  These mi s s ing  

4 p o r t i o n s  w e r e  accompanied by s c a r  t i s s u e  a long  t h e  h e a l e d  

edge sugges t ing  v i o l e n t  a t t a c k  r a t h e r  t han  a f e e d i n g  a c t i v i t y  

i n j u r y .  I n  c e r t a i n  i n s t a n c e s ,  t h e  damage extended t o  t h e  p o s t  

c e n t r a l s  of  t h e  ca rapace ,  r e s u l t i n g  i n  some deg ree  o f  d e f o r -  

mation.  

J n j u r i e s  t o  t h e  p e c t o r a l  l imbs w e r e  n o t  a s  common ( 5 % )  

o r  s e v e r e  a s  t h o s e  t o  t h e  p e l v i c  r eg ion .  There a r e  s e v e r a l  

p o s s i b l e  r ea sons  f o r  this, b u t  t h e  most p r a c t i c a l  i s  t h e  f a c t  

t h a t  t h e  p e c t o r a l  l imbs a r e  t h e  swimming appendages of t h e  

t u r t l e .  A s eve re  i n j u r y  t o  t h i s  r e g i o n  would cause  a l o s s  of  

locomotion a t  l e a s t  f o r  a t ime and r e s u l t  i n  a g r e a t e r  vu lne r -  

a b i l i t y  t o  p r e d a t i o n  and s e v e r e l y  handicap t h e  main means o f  

o b t a i n i n g  food.  I n  a d d i t i o n ,  t h e  pr imary d e f e n s i v e  behav io r  

i s  r a p i d  and s u s t a i n e d  f l i g h t .  A s  p r e v i o u s l y  mentioned,  t h e  

p e l v i c  l imbs are used f o r  s t e e r a g e  and a s  such remain t r a i l i n g  

+ 1 : : - 7  --.. L-i= . 3 i i ~  - .  d ;  - .  ~~1.2 a:;lrr.al o z i e r l n ;  - - a good t a rgec  f o r  an 

a t t a c k i n g  p r e d a t o r .  The p e c t o r a l  l imbs do n o t  o f f e r  such  a  

p e r f e c t  t a r g e t .  

I n  t h e  c a s e  of  one t u r t l e ,  t h e  r i g h t  p e c t o r a l  l imbs  had 

;>3 - , 2  : ;T~ , - -E  ;Z ? r ~ l r J ? r ~ ~ 2  b;r 2;: ir;??roperly heal..? bsn?. T h e  

a c c o - ~ s ~ - y i n g  s c a r  t i s s u e  sugges ted  a  v i o l e n t  r a t h e r  t h a n  

f2-?.177 a c t i v i t y  acc idenz  wi th  man o r  sha rk  be ing  t h e  most 

p rcbrAb 1- p r e d a t o r .  



The a b n o r m a l i t i e s  most commonly observed a g a i n  c e n t e r e d  

i n  t h e  r eg ion  of t h e  carapace  (15%)  i n  t h e  form o f  abnormal 

p l a t e  coun t s .  These i r r e g u l a r  p l a t e  coun t s  w e r e  c o n s i s t e n t l y  

i n  t h e  v e r t e b r a l  r eg ion  and appeared a s  subdiv ided  v e r t e b r a l  

p l a t e s  remaining e s s e n t i a l l y  w i t h i n  t h e  r eg ion  normal ly  

occu?;-ed Sy a  ~ F n ~ l e  p l a t e .  

3 . b n o r a a l i t i e s  c a n n o t  be adequa te ly  d i s c u s s e d  w i t h o u t  

mention of Chelonia  Xa. 1862. I n  g e n e r a l  t e rms ,  t h i s  t u r t l e  

w a s  a b s o l u t e l y  f r e e  of a l g a l  growth and markedly l i g h t e r  i n  

c o l o r  t h a n  a l l  of t h e  t u r t l e s  sampled du r ing  t h e  s tudy  p e r i o d .  

The carapace  evidenc2d t h e  common s u n b u r s t  dark  and l i g h t  

brown c o l o r a t i o n  and t h e  p l a s t r o n  was l i g h t  enough t o  appea r  

wh i t e  a s  compared t o  t h e  ye l low p l a s t r o n  most colmonly observed.  

N o  f e e d i n g  a c t i v i t y  i n j u r i e s  w e r e  observed and bo th  t h e  p e c t o r a l  

and p e l v i c  l imbs,  a long  w i t h  t h e  cauda l  p o r t i o n  o f  t h e  ca rapace ,  

evidenced a  t r a n s p a r e n t ,  ve ry  t h i n ,  b r eakab le  b o r d e r  which 

i n i t i a l l y  appeared a s  a  new growth reg ion .  A n y  of  t h e  f e e d i n g  

a c t i v i t y  com.only observed would have r e s u l t e d  i n  t h e  complete  

Z e s t r s ~ t i o -  3f t h s s -  a reas ,  I n  a l l  e x t e r n a l  morphologica l  

r e s p e c t s ,  t h i s  k u r t l e  w a s  normal. The main a b b e r a t i o n s  w e r e  

c o l o r a t i o n ,  l a c k  of i n j u r i e s ,  absence of a l g a l  growth and t h e  

t h i n ,  t r a n s p a r e n t  bo rde r s  d e s c r i b e d .  This  member of  t h e  f eed ing  

popu la t ion  was n o t  r e p r e s e n t a t i v e x o f  t h e  t u r t l e s  sampled i n  

any z e s p s z t  and poses many q c e s t i o n s  well beyond t h e  scope  of 

t h i s  s k u d y .  



PREDATION 

TJe n o t i c e d  damages which w e r e  probably i n c u r r e d  

by a t t a c k  f r o m  sha rks  on n e a r l y  2 0 8  of  t h e  cap tued  t u r t l e s .  

These i nc luded  miss ing  f l i p p e r s ,  s c a r s  and p r e v i o u s l y  broken  

bones and damages t o  t h e  carapace . .  I t ' s  l i k e l y  t h a t  t h e s e  

a t t a c k s  occu r red  b e f o r e  t h e  t u r t l e s  made t h e i r  a r r i v a l  a t  

Punaluu, because t h e r e  seems t o  be no real i n c i d e n c e  of  l a r g e  

s h a r k s  i n  i n s h o r e  a r e a s .  White t i p  r e e f  s h a r k s  a r e  common, 

b u t  d o n ' t  c o n s t i t u t e  a  t h r e a t  t o  t u r t l e s .  Only once d u r i n g  

t h e  p r o j e c t  d u r a t i o n  d i d  w e  see a  l a r g e  sha rk  ( a  g r e y  r e e f )  

and t h i s  occu r re2  when tuna  long l i n e  f ishermen w e r e  d i r e c t l y  

o u t s i d e  Punaluu Bay. 

The major t h r e a t  t o  s e a  t u r t l e s  r e s i d i n g  a l o n g  t h i s  

c o a s t l i n e  cones  f r o m  man. T h e r e ' s  a  long  h i s t o r y  of  t u r t l e  

c a t c h i n g  i n  t h e  r eg ion :  du r ing  t h e  six-month p e r i o d ,  f rom 

June t o  Noveinber, 1976, we were a b l e  t o  v e r i f y  f i v e  s e p a r a t e  

c a s e s  of t u r t l e  poaching.  

With t h e  g iven  s i z e  composi t ion of t u r t l e s  a t  Ka'u be ing  

- .  
i7.-i-'.;cli .;_,j-z!~~Lz.i ,i:il j : l v e ~ i l z s ,  and i ~ i t h  the  pars ic i l lar  

s c a r c i t y  o f  l a r g e r  i n d i v i d u a l s  (36" s t r a i g h t  l i n e  c a r a p a c e  

l e n g t h  o r  g r e a t e r  t o  be  l e g a l l y  t aken )  n e a r l y  a l l  c a p t u r e s  

a r e  made w i t h  complete d i s r e g a r d  t o  t h e  S t a t e ' s  r e s t r i c t i o n s .  



CONCLUSION 

The Ka'u area warrants further investigation by virtue 

of its turtle population in view of the numerical results 

of this study. Suitable sites also exist within this area 

for alternative capture methods such as nets across the 

shallow feeding areas. 

The capture methods developed were both effective in 

obtaining specimens and non-injurious to the turtle. They 

could be adapted to any area of concentrated turtle population, 

including nesting and breeding sites. 

Csnsideration nust also be given to this Ka'u area in 

lieu of future coastal development, especially at Punaluu. 

The occasional nesting hawksbill turtles, along with the 

feeding population of green turtles, must be considered in 

terms of possible wildlife conservation. 
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