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ABSTRACT 

It is p o s s i b l e  t h a t  t h e  s u r v i v a l  r a t e  of h a t c h l i n g  C. a cu tus  i n  F l o r i d a  
Bay is low and is a s soc i a t ed  wi th  osmoregulatory problems caused by h igh  
s a l i n i t i e s  nea r  n e s t  s i t e s .  Crocodiles  show few phys io log ica l  s p e c i a l i z a -  
t i o n s  f o r  l i f e  i n  s a l i n e  waters  i n  comparison wi th  marine snakes and 
t u r t l e s .  Wild C.  acu tus  h a t c h l i n g s  have a  plasma osmotic p re s su re  nea r  
330 mOsm, a  t y p i c a l  l e v e l  f o r  v e r t e b r a t e s .  The osmotic p re s su re  of t h e  
c l o a c a l  f l u i d  of  wi ld  caught C .  acu tus  was equal  t o  o r  l e s s  t han  t h a t  
o f  t h e  plasma. The s o l i d  p o r t i o n  of t h e  c l o a c a l  f l u i d  was mainly u r i c  
a c i d ,  and contained 1 . 3  t o  450 t imes more K than  Na. The h i g h e s t  
l e v e l s  o f  t h e s e  ions  were 1111 and 222 ymoles/g d ry  weight r e s p e c t i v e l y ,  
normal va lues  f o r  carnivorous r e p t i l e s .  Thus it appears  t h a t  K is 
excre ted  i n  both  t h e  f l u i d  and s o l i d  p o r t i o n s  of t h e  "ur ine ,"  whereas 
Na is conserved. The a n a l y s i s  of Na f luxes  of sma l l  C. a cu tus  submerged 
i n  s e a  water  (35 p p t )  is  complicated by t h e  presence  ;;f a s i z e a b l e  
compartment t h a t  t u r n s  over  q u i t e  r ap id ly .  There is  a second compartment 
wi th  a  l ong  turnover  t ime (T1/2 of  e f f l u x  29-156 days) .  I assume t h a t  t h e  
slow compartment r e p r e s e n t s  t h e  t r u e  long-term r a t e  of exchange wi th  s e a  
water .  Na i n f l u x  (11.5 yrnoles/lOOg h )  and e f f l u x  (2.3 ~moles/ lOOg h )  were 
both  q u i t e  low, al though t h e  i n f l u x  d i d  e x c e e d t h e e f f l u x .  Thus a  n e t  uptake 
of  about  10 ymoles Na/100g h may occur.  No passage of Na ac ros s  small 
p i eces  of  k e r a t i n  w a s  observed a f t e r  one day. It appears  t h a t  t h e  s k i n  
is v i r t u a l l y  impermeable t o  Na, as i s  t h e  c a s e  wi th  most a q u a t i c  r e p t i l e s .  
I n  some plasma samples taken  du r ing  t h e  f i r s t  two weeks of l i f e ,  N a  was 
a t y p i c a l l y  low, b u t  i n  o t h e r s  i t  i s  near  normal (about 150 mM). This  
discrepancy w a s  no t  found i n  plasma samples from mangrove snakes (Nerodia 
f a s c i a t a  compressicauda) taken and analyzed under i d e n t i c a l  condi t ions .  
The i n d i c a t i o n  t h a t  t h e r e  may be  a 1Ja de f i c i ency  i n  some r ecen t  h a t c h l i n g s  
i s  supported by t h e  extremely low Na concent ra t ions  of c l o a c a l  f l u i d  
(12-21 mM). I n  some, b u t  no t  a l l  c a ses ,  C 1  and K were much,higher than 
Na. The r e l a t i o n s h i p s  between snout  vent  l eng th  (L) ,  body weight (W), 
and s u r f a c e  a r e a  (A) a r e  a s  fol lows:  A = 1 . 1 5 5 0 ~ 1 . ~ ~ ~ ~ ;  W = 0 . 0 2 6 3 ~ ~ - 9 7 3 0 .  
The head-neck, t a i l ,  l e g s  and body reg ions  each account f o r  about  one 
f o u r t h  of  t h e  t o t a l  a r ea .  Af t e r  ha tch ing ,  c rocod i l e s  seek ou t  cool ,  
moist ,  t e r r e s t r i a l  microcl imates  by e n t e r i n g  c rab  ho le s  and wave-cut 
c r ev ices ,  o r  by h id ing  i n  c l u s t e r s  of mangrove r o o t s .  It might appear 
t h a t  t h i s  behavior  is advantageous f o r  small c r o c o d i l e s  i n  avoiding t h e  
l o s s  of  body weight (about  1.7%/day) t h a t  occurs  when f a s t i n g  and immersed 
i n  100% s e a  water .  Such is no t  t h e  ca se  s i n c e  a  similar amount of 
evaporat ivewater  l o s s  occurs  i n  a i r  a t  30°C and 96.5% r e l a t i v e  humidity.  
This  i s  s e v e r a l  t i m e s  t h e  l o s s  of  t h e  mangrove snake l i v i n g  i n  t h e  s a m e  
h a b i t a t .  It appears  t h a t  t h i s  ob l iga to ry  w a t e r  l o s s  is  normally counter- 
balanced by feeding.  When f ed  ad l i b .  and kep t  i n  a n  aquarium div ided  -- 
i n t o  l and  and water  po r t ions ,  sma l l  (100-480g) c rocod i l e s  main ta in  
weight a t  s a l i n i t i e s  up t o  a t  l e a s t  17.5 p p t  (50% s e a  wa te r ) .  



INTRODUCTION 

There a r e  very  few r e p t i l e s  t h a t  c a r r y  out  t h e i r  e n t i r e  l i f e  cyc l e s  i n  
s e a  water .  The t r u e  sea snakes (Hydrophiidae) a r e  t h e  most s p e c i a l i z e d  
of  t h e s e  forms, b u t  some members of s e v e r a l  o t h e r  f a m i l i e s  of snakes 
have s i m i l a r  h a b i t s  (Homalopsidae, Acrochordidae, Colubridae; Dunson 
and Dunson, 1973, 1979; Dunson, 1975, 1980). The s e a  t u r t l e s  a r e  of 
course  w e l l  adapted f o r  a  marine ex i s t ence ,  b u t  r e t a i n  a dependence on 
l and  f o r  egg l ay ing .  Among c r o c o d i l i a n s  t h e r e  a r e  s e v e r a l  s p e c i e s  which 
a r e  r e g u l a r l y  observed i n  e s t u a r i e s  and even i n  t h e  open sea .  However 
i t  appears  t h a t  t h e  so-cal led " s a l t  water" c rocod i l e ,  Crocodylus porosus, 
makes i t s  n e s t s  a long  t i d a l  r i v e r s  i n  a r e a s  of f r e s h  o r  b rack i sh  water  
(Messel and Bu t l e r ,  1977). Tolerance of h igher  s a l i n i t i e s  may only  b e  
p o s s i b l e  a s  t h e  animals mature (Dunson, 1970). The American c rocod i l e ,  
C. a cu tus ,  has  s i m i l a r l y  been observed i n  s e a  water ,  b u t  t h e r e  is  l i t t l e  - 
evidence e s t a b l i s h i n g  i t s  a b i l i t y  t o  s u b s i s t  t h e r e  i n d e f i n i t e l y .  Hatchl ings 
a r e  i n t o l e r a n t  of  moderate t o  h igh  s a l i n i t i e s  (Dunson, 1970; Evans and 
E l l i s ,  1977).  Dunson (1970) was unable t o  demonstrate a  sa l t  gland i n  
h a t c h l i n g s  even though a 3.4 kg animal maintained weight i n  100% s e a  
water  f o r  f i v e  months on a  d i e t  o f  whole f i s h .  Thus i t  would appear 
t h a t  C. a cu tus  i s  a  r a t h e r  unspec ia l ized  e s t u a r i n e  form t h a t  may depend 
heav i ly  on n e s t i n g  s i t e s  nea r  t h e  i n f l u e n c e  of f r e s h  w a t e r .  Although 
t h e  a d u l t s  can  appa ren t ly  s u r v i v e  i n  100% s e a  water ,  t h e r e  a r e  no f i e l d  
d a t a  e s t a b l i s h i n g  t h e  presence  of  i n d i v i d u a l  animals under such cond i t i ons  
f o r  extended per iods .  

The ques t ion  of  t h e  a b i l i t y  of - C. a cu tus  t o  osmoregulate i n  s e a  water  
has  become a  ma t t e r  of some importance i n  t h e  e f f o r t  t o  s ave  t h e  v e s t i g e s  
of  t h e  popula t ion  i n  south  F lo r ida .  Hunting long ago decimated t h i s  s p e c i e s  
(Dimock, 1926; Simpson, 1932),  throughout i ts  very l i m i t e d  range i n  
F lo r ida  (Moore, 1953; Ogden, 1978).  Yet l i t t l e  recovery of t h e  popula t ion  
appears  t o  have occurred,  even i n  Everglades National  Park which i s  a  
major p a r t  of t h e  h i s t o r i c  range. This  is  i n  s t r i k i n g  c o n t r a s t  t o  t h e  
dramatic  comeback of  t h e  a l l i g a t o r ,  r a i s i n g  t h e  susp ic ion  t h a t  some r ecen t  
change i n  t h e  environment i s  i n h i b i t i n g  growth of t h e  c r o c o d i l e  popula t ion .  
Since i t  i s  l i k e l y  t h a t  h a t c h l i n g  C .  acu tus  r e q u i r e  low s a l i n i t y  water ,  t h e  
most obvious r e l e v a n t  environmentax f a c t o r  is  t h e  massive change i n  
hydrology o f  t h e  wetlands t h a t  o r i g i n a l l y  dra ined  i n t o  F l o r i d a  Bay. Although 
t h e  p rog res s  of  cana l  and l e v e e  cons t ruc t ion  i n  southern  F lo r ida  has  been 
w e l l  documented (Leach e t  a l . ,  1971),  i t  i s  un fo r tuna te  t h a t  t h e  q u a n t i t a t i v e  
e f f e c t  on t h e  s a l i n i t y  of F l o r i d a  Bay is  n o t  e s t a b l i s h e d .  This is due t o  
t h e  l a c k  of hydrologic  d a t a  f o r  t h e  e a r l y  1900's and t o  t h e  l a r g e  seasonal  
v a r i a t i o n  i n  s a l i n i t y  of  t h e  bay which tends t o  obscure any long-term t rend .  
There may b e  a  r e l a t i o n s h i p  between t h e s e  hydro logic  changes and t h e  
c o n t r a c t i o n  of  t h e  breeding  range of  c rocod i l e s ,  from va r ious  o u t e r  i s l a n d s  
i n  F l o r i d a  Bay back towards t h e  mainland (Ogden, 1978).  

The purpose of  t h e  p r e s e n t  s tudy  was t o  examine t h e  phys io logica l  e f f e c t s  
of h igh  s a l i n i t y  on young C. acutus ,  and t o  determine whether m o r t a l i t y  
i n  F l o r i d a  Bay can b e  a t t r i b u t e d  t o  osmoregulatory problems. A f u l l  
eva lua t ion  o f  t h i s  ques t ion  must awai t  completion of a  s tudy  of t h e  
behavior ,  movements, and s u r v i v a l  of  marked h a t c h l i n g s  be ing  c a r r i e d  out  



by t h e  South F l o r i d a  Research Center under t h e  d i r e c t i o n  of  James A. 
Kushlan. I n  t h e  curlrent  i n v e s t i g a t i o n  measurements were made of t h e  
e l e c t r o l y t e  composition of  plasma and c loaca1  f l u i d  of w i ld  caught 
c r o c o d i l e s  i n  F l o r i d a  Bay, and of p o s s i b l e  h a t c h l i n g  food. Captive 
h a t c h l i n g s  and subadu l t s  of Jamaican o r i g i n  were used t o  s tudy  Na 
exchange, weight  changes a t  d i f f e r e n t  s a l i n i t i e s ,  and evapora t ive  
water  l o s s .  

MATERIALS AND METHODS 

Crocodiles  were captured  i n  F l o r i d a  Bay a t  n i g h t  w i t h  t h e  a i d  of head 
lamps ( 4  v o l t ,  Wheat), and i n  daytime by sea rch ing  among mangrove 
r o o t s  near  n e s t  sites. They were r i n s e d  i n  f r e s h  water ,  b l o t t e d  dry ,  
and blood was then  c o l l e c t e d  by v e n t r a l  puncture  of t h e  caudal  ve in  
(Schmidt-Nielsen and Skadhauge, 1967; Gorzula e t  a l . ,  1976).  Cloacal  
f l u i d  samples were o f t e n  voided spontaneously upon capture .  I f  n o t ,  
a  b l u n t  probe was i n s e r t e d  i n t o  t h e  c loaca  and t h e  abdomen was 
massaged t o  s t i m u l a t e  exc re t ion .  Blood and u r i n e  were s t o r e d  on i c e  
u n t i l  they could b e  cen t r i fuged  and/or  d i l u t e d  a f t e r  r e t u r n  t o  t h e  
l abo ra to ry ,  u s u a l l y  w i t h i n  24 h .  The c rocod i l e s  were measured, marked 
w i t h  a t o e  t a g  and by c l i p p i n g  of t h e  d o r s a l  t a i l  s c u t e s ,  and r e l eased .  
These same animals  were u t i l i z e d  by Mazzot t i  and Kushlan (unpub. obs.)  
i n  a s tudy  of popula t ion  ecology, movements and growth. I n  one case ,  
h a t c h l i n g s  were removed d i r e c t l y  from a  n e s t  t h a t  was under s tudy  by 
P a t t y  and Kushlan (unpub. obs . ) .  A l l  wi ld caught c rocod i l e s  were 
r e l ea sed  w i t h i n  two hours  a t  t h e i r  c a p t u r e  s i t e s .  Laboratory experiments 
were c a r r i e d  o u t  on c a p t i v e  c rocod i l e s  of  Jamaican o r i g i n  purchased 
from C e c i l  Clemons (Gatorama) and Frank Weed. Four r e c e n t  ha t ch l ings ,  
two s i x  month-old c rocod i l e s ,  and s i x  subadu l t s  of  unknown ages  were used. 

Osmotic p re s su re s  of body f l u i d  samples were measured wi th  a  Wescor 
model 5100B vapor p r e s s u r e  osmometer. Na and K were determined i n  an  a i r  
propane flame on a Varian Techtron model 1280 atomic absorp t ion  spec t ro-  
meter. C 1  w a s  analyzed by hand t i t r a t i o n  wi th  a  Sigma k i t .  Cloacal  
u r i c  a c i d  samples were d r i e d  a t  25OC i n  a  d e s s i c a t o r  (over  d r i e r i t e )  and 
measured w i t h  a  Sigma 292-UV u r i c a s e  k i t .  Na and K conten t  were determined 
a f t e r  d i s s o l u t i o n  i n  concent ra ted  n i t r i c  a c i d .  Food samples were 
d r i e d  t o  a  cons t an t  weight a t  100°C, and then  d i s so lved  i n  concent ra ted  
n i t r i c  a c i d ,  d i l u t e d ,  and analyzed f o r  Na and K. 

2 2 ~ a  f luxes  were s t u d i e d  i n  vivo on f o u r  f a s t i n g  c rocod i l e s  placed i n  
100% s e a  water .  2 2 ~ a ~ 1  (New England Nuclear) was added t o  2  l i t e r s  on 
s e a  water  (35 p p t )  a t  a s p e c i f i c  a c t i v i t y  of 0.175 m i l l i C u r i e / l i t e r .  
For i n f l u x  measurements t h e  c r o c o d i l e s  were placed i n  2  l i t e r s  r a d i o a c t i v e  
s e a  water  f o r  5  hours;  they were removed a t  hour ly  i n t e r v a l s  f o r  counting 
w i t h  a b a t t e r y  powered E b e r l i n e  SAM-2 assay  m e t e r  connected t o  a 10  x  10  
cm NaI c r y s t a l  and pho tomul t ip l i e r .  Each c r o c o d i l e  was r i n s e d  i n  t a p  
water  f o r  two minutes,  and then  pos i t i oned  i n  a p l a s t i c  box on top  of 
c r y s t a l  s o  t h a t  t h e  count ing  geometry was r epea t ab le .  Samples of t h e  
r a d i o a c t i v e  s e a  water were counted i n  t h e  same fash ion .  Af t e r  t h e  f i f t h  
hour ly  count ,  c r o c o d i l e s  were n o t  r e tu rned  t o  t h e  r a d i o a c t i v e  ba th  b u t  
were placed i n  2  l i t e r s  100% s e a  water  l a c k i n g  2 2 ~ a  i n i t i a l l y ,  f o r  measure- 
ment of t h e  e f f l u x .  They were counted a t  i n t e r v a l s  of one t o  two days 



over a  1 0  t o  11 day per iod .  Three of t h e  fou r  c rocod i l e s  were t rans-  
f e r r e d  t o  f r e s h  water  a f t e r  s i x  t o  seven days when they appeared t o  
be  weakening from t h e  combined e f f e c t s  of t h e  f a s t  and exposure t o  
s e a  water .  These s t u d i e s  were conducted between September 25 and 
October 7, 1979, a t  t h e  Univ, of M i a m i  Pigeon Key Environmental 
F i e ld  S t a t ion .  A i r  temperatures  va r i ed  between 28 and 32OC. Flux 
c a l c u l a t i o n s  were made wi th  a two compartment equat ion  ( see  Robinson 
and Dunson, 1976) programmed i n t o  a HP 67 c a l c u l a t o r .  

2 4 ~ a  i n f l u x  a c r o s s  t h e  s k i n  k e r a t i n  of C. acu tus  was measured i n  
v i t r o  i n  g l a s s  chambers designed by ~ u n s o n  (1978). A c r o c o d i l ~ ( a b o u t  
1 kg) kep t  i n  d ry  a i r  t o  measure evapora t ive  water  l o s s  sloughed o f f  
s m a l l  f l a k e s  of k e r a t i n .  These were s t o r e d  i n  a  s ea l ed  p l a s t i c  bag 
f o r  seven months. They were then  sea l ed  wi th  s i l i c o n e  grease  (high 
vacuum) ac ros s  a  3  mrn opening ( a r e a  0.283 cm2) between two g l a s s  d i s k s  
s e p a r a t i n g  1 m i l l i l i t e r  r a d i o a c t i v e  s e a  water  (35 p p t )  on t h e  o u t s i d e  
and 1 0  m i l l i l i t e r s  r e p t i l e  Ringers  s o l u t i o n  ( see  Dunson, 1978) on t h e  
i n s i d e .  2 4 ~ a ~ 1  was prepared by neutron a c t i v a t i o n  i n  t h e  Breazeale  
nuc lea r  r e a c t o r  and added t o  s e a  water  a t  s p e c i f i c  a c t i v i t i e s  of 
13-20 m i c r o C u r i e s / m i l l i l i t e r .  Over a 22-23.5 hour pe r iod ,  four  1 
m i l l i l i t e r  samples were removed from t h e  i n s i d e  s o l u t i o n ,  counted 
wi th  a  Canberra s e r i e s  30 mult ichannel  ana lyzer  connected t o  a NaI 
c r y s t a l ,  and rep laced  i n  t h e  chamber. Comparable volumes of t h e  o u t s i d e  
sea  water  had about 107 counts  per  minute. A t o t a l  of 14 chambers were 
used f o r  shed k e r a t i n  from a s i n g l e  c rocod i l e .  Two a d d i t i o n a l  chambers 
were used t o  t e s t  t h e  f l u x  ac ros s  a  double th ickness  of c e l l u l o s e  d i a l y s i s  
membrane . 
The s u r f a c e  a r e a  of c r o c o d i l i a n s  was est imated by c a r e f u l l y  sk inning  
1 3  specimens of t h r e e  spec i e s ,  and t r a c i n g  t h e  o u t l i n e  of t h e  spread 
s k i n  on graph paper.  These o u t l i n e  drawings were c u t  ou t  and t h e i r  weights  
compared wi th  weights  of known a r e a s  t o  determine s k i n  s u r f a c e  a r e a ,  
Some of  t h e s e  specimens were f rozen  and o t h e r s  were preserved.  Thus t h e  
s u r f a c e  a r e a s  were r e l a t e d  t o  a  l i n e a r  dimension, t h e  snout-vent l eng th ,  
The length-weight r e l a t i o n s h i p  f o r  - C .  a cu tus  was determined s e p a r a t e l y  
on t h e  1 2  l i v e  specimens a v a i l a b l e .  An HP67 power curve program 
(SD 03A) w a s  used t o  c a l c u l a t e  t h e  equat ions .  

A p r i m i t i v e  b u t  e f f e c t i v e  means of e s t ima t ing  t h e  genera l  f i t n e s s  of 
r e p t i l e s  t o  su rv ive  i n  a  s a l i n e  environment i s  t o  fo l low weight changes 
when they  are submerged i n  water  of var ious  s a l i n i t i e s .  I n  f a s t i n g  
animals  t h i s  appears  t o  r e f l e c t  mainly water  l o s s  o r  ga in  (Dunson, 1979).  
Severa l  previous s t u d i e s  have followed such changes i n  f a s t i n g ,  immersed 
c rocod i l e s  (Dunson, 1970; Evans and E l l i s ,  1977; E l l i s ,  unpub. obs.) .  
I n  t h e  p re sen t  s tudy  an  a t tempt  was made t o  eva lua t e  t h e  e f f e c t  of feeding  
on weight changes of submerged animals and i n  those allowed a choice  
between land  and water .  I n  t h e  f i r s t  t e s t ,  two C. acutus  were placed 
i n  50% (18 p p t )  o r  100% (35 p p t )  s e a  water  f o r  about s i x  days and 
fed  l i v e  minnows. ~ a t e r ,  four  c rocod i l e s  were placed i n  e i t h e r  50 x 27 
x 31 cm o r  75 x 32 x 48 cm aqua r i a  ( l eng th  x width x h e i g h t )  depending 
on t h e i r  body s i z e .  A shal low p l a s t i c  d i s h  was i n s e r t e d  i n  t h e  g rave l  
on t h e  bottom of each aquarium. This d i s h w a s j u s t  l a r g e  enough t o  al low 



each animal t o  f u l l y  immerse i t s e l f  i f  i t  chose t o  do so .  These 
c rocod i l e s  were w e l l  acc l imated  t o  l a b o r a t o r y  l i f e  and f ed  r e a d i l y  from 
t h e  hand. They were usua l ly  o f f e r e d  c u t  p i eces  of f i s h  -- ad l i b .  every 
two days; occas iona l ly  t h e  d i e t  was supplemented wi th  whole minnows 
o r  i n s e c t s  such a s  grasshoppers and roaches.  The s a l i n i t y  of t h e  water  
i n  t h e  d i s h  was changed every 7 t o  14 days, and t h e  c rocod i l e s  were 
weighed a t  t h i s  t ime. A i r  temperatures  va r i ed  from 24 t o  28OC. The 
r e l a t i v e  t ime spen t  on land  o r  i n  water  was es t imated  by record ing  
t h e  p o s i t i o n  o f  each animal a t  va r ious  t imes dur ing  t h e  day; consecu- 
t i v e  records  were n o t  taken a t  i n t e r v a l s  of l e s s  t han  2 hours .  

Evaporat ive wa te r  l o s s  i n  dry  a i r  was measured by t h e  same technique 
used by Dunson e t  a l .  (1978). Small c rocod i l e s  ( l e s s  than 400 grams) 
were placed i n  d e s s i c a t o r s  (20 cm diameter)  i n  a r e f r i g e r a t e d  incubator .  
A i r  from a pump a t  300 m i l l i l i t e r s / m i n u t e  passed through a  d r i e r i t e  
column i n t o  t h e  chamber, and then  through another  d r i e r i t e  column. This 
second column was weighed t o  determine water  l o s s .  To provide r e l a t i v e  
humid i t i e s  o f  75 and 96.5%, t h e  i n i t i a l  d r i e r i t e  column was rep laced  by 
two f l a s k s  of  s a t u r a t e d  N a C l  o r  K2S0 r e s p e c t i v e l y  (Winston and Bates ,  
1960).  Water l o s s  was then  es t imated  by d i r e c t l y  weighing t h e  animal 
each day. Measurements on two l a r g e r  c rocod i l e s  were madein a  chamber 
fashioned from an  a c r y l i c  c y l i n d e r  10 cm i n  diameter  and 60 cm long. 

RESULTS 

Plasma composition 

There was no apparent  r e l a t i o n s h i p  be tweenplasmaconcent ra t ion  and 
t h e  s a l i n i t y  of water  a t  which an  animal was captured  (Table 1 ) .  
Crocodiles  were found a t  s a l i n i t i e s  ranging  from f r e s h  water  t o  
hypsrsal ine(0 '43 p p t ) .  The l a t t e r  va lue  f o r  Basin H i l l s  i s  from a 
l o c a l i t y  o u t s i d e  Everglades Nat iona l  Park, a long  t h e  sho re  of Barnes 
Sound. Although t h e s e  d a t a  document t h e  s a l i n i t i e s  a t  t h e  time of 
cap tu re ,  such va lues  g ive  l i t t l e  in format ion  on t h e  cond i t i ons  t h e s e  
c rocod i l e s  were acc l imated  t o ,  s i n c e  t h e  animals  move around and 
s a l i n i t i e s  may vary cons iderably  over  s h o r t  pe r iods  due t o  r a i n  and 
wind s h i f t s  (which a l s o  cause  water  l e v e l  changes).  Mazzotti  and Kushlan 
(unpub. obs.)  w i l l  r e p o r t  on long  t e r m  f l u c t u a t i o n s  i n  s a l i n i t y  a t  t h e s e  
s t a t i o n s .  It i s  important  t o  no te ,  however, t h a t  s a l i n i t i e s  near  f i v e  
n e s t  s i t e s  i n  F lo r ida  Bay (Cocoa Po in t ,  A l l i g a t o r  Bay, Black Betsy Beach, 
Trout  Cove, Dead Stork)  s h o r t l y  a f t e r  t h e  t i m e  of ha t ch ing  were f a i r l y  
h igh  (22-32 pp t ;  Table 1 ) .  However many h a t c h l i n g s  were found on land 
dur ing  t h e  f i r s t  few weeks, h i d i n g  i n  ho le s  o r  i n  c l u s t e r s  of mangrove 
roo t s .  

Plasma samples were taken from seven h a t c h l i n g s  removed d i r e c t l y  from 
a n e s t  on Black Betsy Beach i n  t h e  summer of 1979 (Table 1 ) .  Plasma 
Na (150 mM) and osmotic p r e s s u r e  (327 m0sm) w e r e  a t  l e v e l s  accepted 
a s  normal f o r  v e r t e b r a t e s  (Dessauer, 1970).  The mean plasma osmotic 
p re s su re  f o r  samples from a l l  r e c e n t  h a t c h l i n g s  v a r i e d  from 314 t o  353 m0sm. 
These va lues  a r e  probably w i t h i n  t h e  normal range of v a r i a t i o n  f o r  t h i s  
spec i e s  and provide  no evidence f o r  a  theory  of p rog res s ive  dehydrat ion 



dur ing  t h e  f i r s t  two weeks of l i f e .  This is  e s p e c i a l l y  ev ident  i f  
s e q u e n t i a l  samples from t h e  same n e s t  s i t e  a r e  examined. For example, 
c rocod i l e s  a t  both Cocoa Po in t  and Black Betsy Beach (summer, 1978) 
showed f a i r l y  s t a b l e  plasma osmotic p re s su re s  over t h e  f i r s t  two 
weeks (Table 1 ) .  There were i r r e g u l a r i t i e s  i n  t h e  plasma e l e c t r o l y t e  
composition. Despi te  t h e  r a t h e r  normal plasma osmotic p re s su re s ,  some 
c rocod i l e s  had abnormally low plasma Na. S i x  d i f f e r e n t  groups had 
means of 111-120 mM, va lues  o f t e n  exceeded by C 1  (Table 1 ) .  There i s  
a p o s s i b i l i t y  t h a t  t h i s  phenomenon is  age r e l a t e d  i n  t h e  sense  t h a t  
t h e  f i r s t  few weeks of  l i f e  a r e  probably spent  f a s t i n g  and h id ing  on 
land.  However t h e  p re sen t  d a t a  a r e  i n s u f f i c i e n t  t o  eva lua t e  t h i s  
ques t ion .  Another p o s s i b i l i t y  considered was t h a t  of an ana ly t i ca l .  
e r r o r .  This seems un l ike ly  i n  view of t h e  f a c t  t h a t  t h e  numerous 
samples taken from mangrove snakes (Table 2) had t h e  expected h ighe r  
l e v e l s  of Na and C 1 .  A t  p r e sen t  w e  must cons ider  t h e  p o s s i b i l i t y  
t h a t  some very young c rocod i l e s  a c t u a l l y  have a  de f i c i ency  of Na. 

Hatchl ing  - C .  a cu tus  r a p i d l y  d isappear  from t h e  v i c i n i t y  of t h e i r  
n e s t  s i t e s .  Whether t h i s  i s  due t o  s imple d i s p e r s a l  o r  dea th  is  
unclear  a t  p re sen t .  Only one marked h a t c h l i n g  from t h e  summer of 
1978 was recaptured.  This  animal,  marked i n  Davis Creek and recaptured  
t h e r e ,  was s i x  months o l d  (Table 3 ) .  Its plasma was "normal" a s  t h a t  
of f o u r  o t h e r  animals of  s i m i l a r  s i z e  from t h e  same l o c a l i t y .  The 
s i n g l e  a d u l t  sampled and two a l l i g a t o r s  a l s o  had plasma osmotic 
p re s su re s  s i m i l a r  t o  t hose  of  t h e  younger c rocod i l e s  sampled. Their  
plasma Na l e v e l s  tended t o  be  s l i g h t l y  h ighe r  (Table 1 ) .  

In  c o n t r a s t  t o  t h e  c rocod i l e s ,  t h e  e f f e c t s  of dehydrat ion can r e a d i l y  
be discerned i n  plasma samples from mangrove snakes (Table 2 ) .  Specimens 
from L i t t l e  P ine  I s l and  (Lower F lo r ida  Keys) and Davis Creek had e l eva t ed  
plasma Na and osmotic p re s su re s  when captured.  A group of f i v e  snakes 
from Summerland Key (Lower F lo r ida  Keys) caught i n  s e a  water  underwent 
cons iderable  i nc reases  i n  plasma Na (148 t o  194 mM) and C1,(135 t o  181  mM). 
when h e l d  27 days i n  35 pp t  s e a  water  wi thout  feeding.  It is  a l s o  
e s p e c i a l l y  i n t e r e s t i n g  t h a t  t h r e e  snakes from Davis Creek had h ighe r  
plasma Na, C 1 ,  and osmotlc p re s su re s  than t h e  f i v e  c rocod i l e s  caught 
i n  t h e  same h a b i t a t  a t  t h e  same time. 

Cloaca1 e x c r e t i o n  

I n  e v a l u a t i n g  t h e s e  d a t a  i t  i s  important  t o  remember t h a t  t h e  samples 
c o l l e c t e d  were expel led  prematurely due t o  handl ing.  Thus t h e  n a t u r a l  
p rocesses  of reabsorp t ion  and s e c r e t i o n  i n  t h e  c loaca  and gut  may no t  
have been completed. It is  evident  from Table 3 t h a t  c l o a c a l  f l u i d  
osmotic p re s su re  w a s  always equal  t o  (wi th in  experimental  e r r o r )  o r  
l e s s  than  t h a t  of t h e  plasma, A s t r i k i n g  r e s u l t  is  t h e  extremely low 
Na concen t r a t ion  (12-21 mM) of c l o a c a l  f l u i d  i n  comparison wi th  plasma 
(106-166 mM). I n  f i v e  ou t  of s i x  ca ses  C l w a s  much h igher  than N a .  
I n  only t h r e e  of  seven,cases  was K p re sen t  i n  s i g n i f i c a n t  amounts 
(30-45mE-I). Na, C 1  and K account f o r  a  much smal le r  percentage of t h e  
osmotic p re s su re  i n  c l o a c a l  f l u i d  than  they do i n  plasma. 



Faecal  samples were no t  ob ta ined ,  b u t  ana lyses  were made on t h e  whi te  
s o l i d  found mixed wi th  t h e  c l o a c a l  f l u i d .  I n  t h r e e  samples from c a p t i v e  
C. a cu tus  and four  from C.  porosus,  72-95% of t h e  dry wh i t e  s o l i d  m a t e r i a l  - 
could be  accounted f o r  b y  u r i c  a c i d .  K and smal l  amounts of N a  were p re sen t  
i n  t h e  c l o a c a l  f l u i d  s o l i d s  (Table 4 ) .  I n  f o u r  w i ld  h a t c h l i n g s  and two 
six-months-old animals  from Davis Creek, Na and K l e v e l s  were 11-222 and 
87-1111 ~-lmoles/gram d ry  weight r e s p e c t i v e l y .  Capt ive animals he ld  i n  
dry  a i r ,  f r e s h  water  o r  s e a  water  had s i m i l a r  amounts of Na and K 
(2-60 and 62-1003 ymoles/gram d r y  weight r e s p e c t i v e l y ) .  There was no 
apparent  r e l a t i o n s h i p  w i t h  t h e  cond i t i ons  of t rea tment ,  a t  l e a s t  i n  
t h e  p r e s e n t  smal l  sample. 

Na exchange i n  s e a  water  

The t h r e e  s m a l l e r  C. acu tus  used t o  measure Na f l u x e s  were about two 
months o ld ;  t h e  l a r g e r  one was about  14 months o ld .  The uptake of 2 2 ~ a  
from 35 p p t  s e a  water  was most r ap id  dur ing  t h e  f i r s t  hour,  and then 
l e v e l e d  o f f  f o r  t h e  next  fou r  hours  (Table 5 ) .  A t  t h e  end of t h e  f i v e  
hour i n f l u x  per iod ,  t h e  s p e c i f i c  a c t i v i t y  of t h e  ba th  w a s  es t imated  t o  
s t i l l  b e  about  47 t imes t h a t  of  t h e  c rocod i l e s .  Thus t h e  c rocod i l e s  
were n o t  nea r ing  equi l ibr ium.  The i n i t i a l  (0-1 hour) r ap id  phase of 
i n f l u x  might be due t o  a r ap id  abso rp t ion  of i s o t o p e  t o  t h e  body s u r f a c e  
and j u s t  r ep re sen t  t h e  r e s i d u a l  2 2 ~ a  t h a t  cannot be  r i n s e d  o f f  w i t h i n  
t h e  two minutes a l l o t t e d .  I b e l i e v e  t h e  t r u e  i n f l u x  t o  b e  more accu ra t e ly  
represented  by t h e  va lue  f o r  t h e  1-5 hour per iod.  Three of t h e  fou r  
c rocod i l e s  had a mean i n f l u x  of  11.5 ~(moles/100 gram hour,  wi th  a f o u r t h  
h ighe r  p o i n t  o f  37 ~ m o l e s / 1 0 0  gram hour (Table 5 ) .  

The c rocod i l e s  used i n  t h e  2 2 ~ a  i n f l u x  measurements were placed d i r e c t l y  
i n t o  unlabeled sea water  f o r  t h e  e f f l u x  de termina t ions .  A c l a s s i c  two 
compartment e f f l u x  was obta ined .  However t h e r e  was a l a r g e r  " fas t"  
compartment than  is  usua l  among a q u a t i c  r e p t i l e s  (Table 5 ) .  The r a t e  
of l o s s  from t h i s  " f a s t "  phase was approximately equal  t o  t h e  acce l e ra t ed  
r a t e  of i n f l u x  du r ing  t h e  f i r s t  hour ,  sugges t ing  t h a t  they might be  
a s soc i a t ed .  A s  w i th  t h e  i n f l u x ,  i t  i s  l i k e l y  t h a t  t h i s  i n i t i a l  ra i d  
r a t e  of e f f l u x  is  an  a r t i f a c t  of t h e  experimental  procedure. The 92Na 
i n f l u x  was used a s  a means of "loading" t h e  body f o r  t h e  subsequent 
e f f l u x  measurement. It i s  q u i t e  p o s s i b l e  t h a t  t h e  process  of equ i l i b r ium 
of 2 2 ~ a  i n  t h e  body t akes  s e v e r a l  days. A h ighe r  s p e c i f i c  a c t i v i t y  of 
t h e  t i s s u e s  t h a t  a r e  more a c c e s s i b l e  t o  exchange wi th  t h e  environment 
could have occurred du r ing  t h e  f i r s t  few days of  t h e  e f f l u x  determinat ion,  
caus ing  t h e  appearance of a l a r g e r  than  u s u a l  f a s t  compartment. This  appears  
t o  b e  t h e  most l o g i c a l  explana t ion  a t  p re sen t .  Thus t h e  t r u e  e f f l u x  is  
b e s t  es t imated  by t h e  mean va lue  of e f f l u x  of t h e  "slow'' compartment, 
which w a s  2 .3  ymoles/100 gram hour (Table 5 ) .  Three of t h e  f o u r  c rocod i l e s  
were t r a n s f e r r e d  from s e a  water  t o  f r e s h  water  a t  days 6 and 7, b u t  
i t  appears  t h a t  t h i s  had l i t t l e  o r  no e f f e c t  on t h e  e f f l u x .  

The o v e r a l l  r a t e s  of  Na exchange i n  C .  a cu tus  placed i n  s ea  water  a r e  
q u i t e  low. The i n f l u x  exceeds t h e  e i f l u x  by about 10  ~ m o l e s / 1 0 0  gram 
hour,  sugges t ing  t h a t  t h e r e  i s  a low bu t  s i g n i f i c a n t  n e t  uptake of Na 
when small c rocod i l e s  are submerged i n  s e a  water .  Note t h a t  t h e  f a s t  
phases of  i n f l u x  and e f f l u x  d i f f e r  by approximately t h e  same amount. 



For t h e  purposes of t h e s e  f l u x  c a l c u l a t i o n s  tbebody N a  conten t  of 
c rocod i l e s  was assumed t o  be  50 pmoles/gram wet weight .  I n  one 
de termina t ion  on a 56 gram h a t c h l i n g  t h a t  was k i l l e d  by a  cage mate, 
t h e  a c t u a l  va lue  was 39.1 pmoles ~ a / g r a m  w e t  weight (10.9 pmoles K/ 
gram wet  weight,  and 79.4% wa te r ) .  Since s e a  water has  s o  much 
more Na than t h e  body, such s l i g h t  d i f f e r e n c e s  i n  body N a  conten t  have 
no s i g n i f i c a n t  e f f e c t  on t h e  c a l c u l a t i o n s .  Evans and E l l i s  (1977) 
g ive  va lues  of 52 and 69 pmoles/gram wet weight f o r  two c rocod i l e s  
i n  25% sea water .  

Skin a r e a  

The "standard" s u r f a c e  a r e a  (A)  t o  weight (W) equat ion  used by many 
i n v e s t i g a t o r s  (A = 1 0 ~ 0 . 6 7 )  (Minnich, 1979) has  n o t  prev ious ly  been 
v e r i f i e d  f o r  c rocod i l i ans .  The r e l a t i o n s  between a r e a  and snout-vent 
l eng th ,  and weight and snout-vent l eng th  were s e p a r a t e l y  determined 
i n  t h i s  s tudy  (Table 6) .  The ca l cu la t ed  s u r f a c e  a r e a  t o  weight 
r e l a t i o n  was then  found t o  be: A = 1 1 . 7 3 8 4 ~ ~ * ~ 3 7 3 .  This  and t h e  
s tandard form probably d i f f e r  by less than  t h e  experimental  e r r o r  
of  t h e  s k i n  a r e a  measurements. It i s  i n t e r e s t i n g  t h a t  c rocod i l i ans  
of  a given weight have a  lower s u r f a c e  a r e a  than  snakes (Table 6 ) ,  
due a lower y - in t e rcep t  and s lope .  

I n  two C. porosus t h e  r e l a t i v e  c o n t r i b u t i o n s  of t h e  d i f f e r e n t  body 
a r e a s  to t h e  t o t a l  s u r f a c e  a r e a  were measured. The animals were 36 
and 39 cm i n  snout-vent l eng th ,  and 71 and 78 cm i n  t o t a l  l eng th .  
The head (13.5%) and neck (7.5%) toge the r  comprised 21% of t h e  t o t a l .  
The body, l e g s ,  and t a i l  were each 28.5%, 23.2%, and 27.4% r e s p e c t i v e l y .  
Thus t h e  head-neck, body, l e g s ,  and t a i l  reg ions  each account f o r  
about one fou r th  of t h e  t o t a l  s u r f a c e  a rea .  

Dermal N a  permeabi l i ty  

Shed k e r a t i n  c o l l e c t e d  from a C. a cu tus  t h a t  was be ing  dehydrated i n  
dry  a i r  appears  t o  b e  impermeable t o  Na. A t o t a l  of 14 p i eces  of k e r a t i n  
were t e s t e d  and 11 of t h e s e  had no i n f l u x  of 2 4 ~ a  from s e a  water  t o  Ringer 's  
s o l u t i s n  a f t e r  one day. The remaining t h r e e  p repa ra t ions  leaked and were 
discarded.  The g l a s s  chambers used f o r  t h i s  experiment had a  d i f f u s i o n  
a r e a  3 mm i n  diameter  t o  accommodate t h e  smal l  p i eces  of k e r a t i n .  To test 
t h e  appara tus  and t o  i n s u r e  t h a t  t h e  s i l i c o n e  grease  used t o  s e a l  t h e  
chambers was n o t  b locking  Na movement, two c e l l u l o s e  d i a l y s i s  membranes 
were measured i n  t h e  same fash ion .  A l a r g e  i n f l u x  was obta ined  over  one 
hour (55 umoles/cm2 hour) ,  demonstrat ing t h e  proper func t ioning  of t h e  
chambers. 

Weight changes i n  s a l i n e  water  

Hatchl ing  C.  a cu tus  and C .  porosus l o s e  weight r a p i d l y  (about 1.7%/day) 
when f a s t i n g  and immersed i n  35 ppt  s e a  water  (Dunson, 1970).  A s  s i z e  
i nc reases ,  <he r a t e  of weight l o i s  diminishes i n  C. acutus  (Dunson, 1970; 
E l l i s ,  unpub. obs.) .  I n  C. porosus weight l o s s  a l s o  decreases  i n  l a r g e r  
animals  (Table 7) .    ow ever t h e  e f f e c t  r a p i d l y  diminshes above 1 kg. 



It is important  t o  n o t e  t h a t  f a s t i n g  C. porosus as s m a l l  a s  1 kg have 
r a t e s  of l o s s  a s  low a s  0.3%/day whenimmersed i n  35 ppt  s ea  water .  I f  
smal l  C .  a cu tus  a r e  forced  t o  remain immersed i n  35 ppt  s e a  water ,  
they  cannot main ta in  t h e i r  weight even when f ed  (Table 7 ) .  Yet i n  
1 8  pp t  they  ga in  weight when f ed .  

In  n a t u r e ,  smal l  c rocod i l e s  probably do not  remain submerged f o r  long 
per iods ,  b u t  come out  on land .  To t e s t  t h e  e f f e c t  of t e r r e s t r i a l  
a c t i v i t y ,  f o u r  small C.  a cu tus  were placed i n  i n d i v i d u a l  aqua r i a  wi th  
dry l and  and water  a v a i l a b l e  a s  des i r ed ,  and f ed  every two days. They 
were allowed acces s  s e q u e n t i a l l y  t o  f r e s h  water ,  9 ,  17.5, 26 and 35 pp t  
s e a  wa te r  f o r  t h e  pe r iods  shownin Table 8. Under t h e s e  condi t ions  
weight ga ins  u s u a l l y  occurred wi th  acces s  t o  50% s e a  water  (17.5 p p t ) .  
Small ga ins  o r  l o s s e s  took p l a c e  w i t h  access  t o  75% s e a  water  (26 p p t ) .  
Feeding g r e a t l y  diminished when t h e  water  was changed t o  100% sea  
water  (35 p p t )  and l a r g e  amounts of weight were l o s t .  I nd iv idua l  
c rocod i l e s  d i f f e r e d  g r e a t l y  i n  t h e  t ime spen t  submerged a t  a  given 
s a l i n i t y ,  b u t  d a t a  suggest  c r o c o d i l e s  may recognize  and avoid immersion 
i n  water  of h ighe r  s a l i n i t i e s .  The mean percentage  of time spent  i n  
water  a t  50%, 75% and 100% s e a  water  decreased from 43 t o  1 3  t o  8% 
i n  one animal,  from 62 t o  17 t o  8% i n  another  and from 95 t o  61 t o  54% 
i n  a t h i r d .  The l a r g e s t  animal showed a decrease  i n  time spent  i n  
water  on t r a n s f e r  from 50% t o  75% s e a  water  (76 t o  57% t ime) ,  y e t  an  
increased  amount of t ime (77%) was spen t  i n  100% sea  water .  These 
t e s t s  were c a r r i e d  ou t  i n  a  room of  f l u c t u a t i n g  temperature and 
humidity,  and they  should be  repea ted  under cons t an t  condi t ions .  
Other p o s s i b l e  source of e r r o r s  a r e  t h e  numerous cues f o r  o r i e n t a t i o n  
p re sen t  i n  t h e  surrounding room. No c o n s i s t e n t  s a l i n i t y  preference  
could b e  demonstrated i n  a  d i f f e r e n t  s e r i e s  of tests wi th  C .  a cu tus  
placed i n  tanks  d iv ided  i n  h a l f ,  w i t h  f r e s h  water  on one s i d e  and 
sea  water  on t h e  o the r .  Animals o f t e n  appeared t o  f avo r  one s i d e  o r  
t h e  o t h e r  depending on t h e  d i r e c t i o n  of human d i s tu rbance  i n  t h e  room. 

S a l i n i t y  a t  a  n e s t  s i t e  and composition of  p o t e n t i a l  food 

It i s  d i f f i c u l t  t o  r e c o n c i l e  t h e  i n t o l e r a n c e  of h a t c h l i n g s  i n  t h e  
l abo ra to ry  t o  h igh  s a l i n i t i e s  wi th  t h e  preva lence  of beach n e s t i n g  s i t e s  
where s a l i n i t i e s  a r e  high.  A t  p r e s e n t ,  s u r v i v a l  of t h r e e  marked 
ha t ch l ings  f o r  5-6 months has  been demonstrated only i n  two creeks  
on t h e  edge of F l o r i d a  Bay (Mazzotti  and Kushlan, unpub. obs . ) .  These 
a r e a s  have lower s a l i n i t i e s  and appear  t o  provide  more favorable  h a b i t a t  
f o r  growth of t h e  h a t c h l i n g s  than  a r e a s  nea r  t h e  n e s t  s i t e s  on beaches 
exposed t o  F l o r i d a  Bay. Information on one such "outside" o r  bays ide  
n e s t  s i t e  is  presented  he re  t o  i l l u s t r a t e  t h i s  p o i n t .  On t h e  no r th  
shore  of  F l o r i d a  Bay a r e  two smal l  bays, s epa ra t ed  by a  peninsula .  
I n  1979, t h r e e  n e s t s  were found by Mazzot t i  and P a t t y  on t h e  seaward 
s i d e s  of t h e  peninsula .  One n e s t  (nicknamed Dead Stork)  chosen f o r  
s tudy  was pos i t i oned  j u s t  behind a  low beach berm next  t o  a  small 
channel approximately 2 m wide and 79 m long connect ing t h e  bay wi th  
a  sha l low lagoon behind t h e  beach. On t h e  n i g h t s  of  August 3-4 
approximately 30 eggs hatched (Pa t ty ,  unpub. obs.  ) . On t h e  n i g h t  of 
August 6, e i g h t  h a t c h l i n g s  were caught i n  t h e  nearby channel a t  a  



s a l i n i t y  of  32 pp t ,  marked, and r e l eased .  On August 16  seven ha t ch l ings ,  
i nc lud ing  t h r e e  unmarked ones, were caught a t  n i g h t  i n  t h e  channel  a t  
a  s a l i n i t y  of  40 pp t .  When r e l eased ,  t h e  young c rocod i l e s  o f t e n  crawled 
i n t o  dense groups of red  mangrove r o o t s  (Rhizophora mangle) a long  t h e  
edges of t h e  channel.  A per iod  of stormy weather followed and water 
l e v e l s  were r a i s e d .  When t h e  a r e a  was r e v i s i t e d  September 8 dur ing  
t h e  daytime, a  thorough search  w a s  made of t h e  mangroves along t h e  
channel  and no c rocod i l e s  were found. Water (30 pp t )  had overflowed 
t h e  banks of  t h e  channel and poss ib ly  t h e  c rocod i l e s  had d ispersed .  
However t h e  s a l i n i t y  had been q u i t e  h igh  a t  t h i s  l o c a l i t y  and m o r t a l i t y  
i s  a l s o  a  p o s s i b i l i t y .  I n  t h e  immediate v i c i n i t y  of t h i s  n e s t  t h e r e  a r e  
no a r e a s  of low s a l i n i t y  water .  A s e r i e s  of l a r g e  lagoons i n  t h e  i n t e r i o r  
of t h e  peninsula  were 38-40 pp t  on August 16. The e l e v a t i o n  of t h e  
l and  i s  probably too  s l i g h t  t o  a l low formation of b rack i sh  water  ponds 
from an  underlying l e n s  o f  f r e s h  water .  In  c o n t r a s t ,  i n t e r i o r  n e s t  
s i t e s  a long  creek  banks may no t  on ly  be  lower i n  s a l i n i t y ,  b u t  are a l s o  
i n  c l o s e r  proximity t o  pools  of b rack i sh  water  t h a t  can form i n  hammocks 
and buttonwood (Conocarpus) sc rub  a f t e r  r a i n s .  

The v i c i n i t y  of  t h e  s tudy n e s t  was w e l l  supp l i ed  wi th  p o t e n t i a l  food 
f o r  h a t c h l i n g  c rocod i l e s .  I n  c a p t i v i t y  smal l  c rocod i l e s  feed  r e a d i l y  
on f i s h  o r  i n s e c t s  and a  w i ld  h a t c h l i n g  observed on Key Largo caught 
and a t e  a  small f i s h  (probably Gambusia). P o t e n t i a l  food i tems were 
captured  and analyzed wi thout  r i n s i n g  t h e  s e a  water  o f f  s i n c e  t h i s  i s  
t h e  cond i t i on  i 2  which they  would b e  swallowed by c rocod i l e s .  'Water, 
Na, and K con ten t s  of  t h e s e  p o t e n t i a l  prey a r e  shown i n  Table 9. A s  
expected, f i s h  provide t h e  most f r e e  water  w i th  t h e  l e a s t  amount of  Na. 
Beach isopods had fou r  t imes t h e  Na content  of t h e  f i s h .  Na content  
of t h e  o t h e r  i n v e r t e b r a t e s  w a s  about  twice t h a t  of t h e  f i s h .  K and 
water  conten t  of  a l l  samples were v a r i a b l e  and may no t  be f a c t o r s  of 
major importance i n  determining t h e  osmoregulatory s i g n i f i c a n c e  of 
d i f f e r e n t  i tems. 

Evaporat ive water  l o s s  

Immersion i n  f u l l  s t r e n g t h  s e a  water  causes a  l a r g e  weight l o s s  i n  
h a t c h l i n g  c rocod i l e s .  Thus i t  would seem advantageous f o r  them t o  
spend most of t h e i r  t ime, when no t  feeding ,  on land.  However t h e  
evapora t ive  water  l o s s  of C. acutus  i n  a i r  i s  remarkably l a r g e  i n  
comparison wi th  t h e  mangrove snake found i n  t h e  same h a b i t a t  (Table 1 0 ) .  
Indeed t h e  weight l o s s  a t  a  r e l a t i v e  humidity of 96.5% of two r e c e n t  
h a t c h l i n g s  w a s  1.3-1.5%/dayY va lues  approaching t h e  f i g u r e  of 1.7%/day 
obta ined  when they a r e  immersed i n  35 ppt  s ea  water .  A s i n g l e  animal 
(326 g) w a s  t e s t e d  i n  dry  a i r  f o r  fou r  days a t  30°C, 25"C, and 20°C; 
t h e  r a t e s  of l o s s  dec l ined  from 1.24 k 0.08 t o  1.04 ' 0.02 t o  0.71 k 0.07%/ 
day r e s p e c t i v e l y  (means +SD). Thus t h e  r a t e  of evapora t ive  l o s s  
decreases  w i th  i n c r e a s i n g  s i z e ,  i nc reas ing  r e l a t i v e  humidity,  and 
decreas ing  temperature.  

I n  t h e  wi ld ,  young c rocod i l e s  can seek  ou t  r e l a t i v e l y  cool ,  moist  
microcl imates .  However even under f avo rab le  condi t ions  (96.5% 
r e l a t i v e  humidity,  30°C) ha t ch l ings  on land a r e  s u b j e c t  t o  an  
ob l iga to ry  evapora t ive  water  l o s s  i n  excess  of 1% wtlday. I n  a 326 gram 



animal t h i s  r a t e  dec l ined  markedly t o  about  0.3%/day. Thus s i z e  
appears  t o  b e  an  extremely c r u c i a l  f a c t o r  a s s o c i a t e d  wi th  problems 
of  wa te r  ba lance  dur ing  t h e  f i r s t  t h r e e  t o  fou r  months of l i f e .  

DISCUSSION 

No f i n a l  answer can  b e  given a t  t h i s  t ime t o  t h e  hypothes is  t h a t  a 
major p o r t i o n  of  t h e  m o r t a l i t y  of  h a t c h l i n g  C. a cu tus  i n  F l o r i d a  Bay 
i s  a s s o c i a t e d  wi th  osmoregulatory problems caused by h igh  s a l i n i t i e s .  
Addi t iona l  f i e l d  s t u d i e s  of h a t c h l i n g s  dur ing  t h e  f i r s t  four  months 
are needed t o  e s t a b l i s h  t h e i r  f a t e  under t h e  most s t r i n g e n t l o n g  term 
s a l i n i t y  regime eve r  l i k e l y  t o  b e  n a t u r a l l y  encountered. Present  d a t a  
show t h a t  t h e  v i c i n i t y  of  many n e s t  s i t e s  a r e  s a l i n e  enough t h a t  
d i f f i c u l t i e s  i n  water  and s a l t  ba lance  could be  encountered. Small 
C .  a cu tus  have few s p e c i a l  mechanisms t o  enable  s u r v i v a l  i n  s e a  water .  - 
Hatchl ings l o s e  l a r g e  amounts of wa te r  whether submerged i n  s e a  water  
o r  on land.  A s  y e t  t h e r e  i s  no evidence t h a t  C. a cu tus  has a s a l t  
gland (Dunson, 1970, 1979).  Cloaca1 f l u i d  i s  l e s s  concent ra ted  than  
plasma. Cloaca l ly  excre ted  u r a t e s  con ta in  bound K i n  excess  of Na, 
b u t  on ly  a t  about  t h e  same l e v e l  as found i n  t e r r e s t r i a l  carnivorous 
r e p t i l e s .  Na exchange i n  35 pp t  s e a  water  i s  low, mainly due t o  t h e  
impermeabil i ty  of t h e  s k i n ,  y e t  a s i g n i f i c a n t  n e t  uptake of Na occurs .  
Young C. acu tus  s eek  o u t  p ro t ec t ed  environments of moderate temperature 
and h igh  humidi ty and can feed  a t  n i g h t  on f i s h  h igh  i n  water  and low 
i n  Na con ten t .  These and o t h e r  behav io ra l  s t r a t e g i e s  can minimlze 
t h e  l o s s e s  of water  and uptake of s a l t  a t  t imes when t h e  s a l i n i t y  is  
h igh .  Desp i t e  t h e  l a c k  of s p e c i a l i z e d  phys io log ica l  mechanisms, 
a n  unknown percentage  of  C .  a cu tus  do manage t o  su rv ive  t h e  c r i t i c a l  
e a r l y  months of  l i f e  i n  no r the rn  F l o r i d a  Bay where t h e  s a l i n i t i e s  
a r e  v a r i a b l e  (Mazzot t i  and Kushlan, unpub. obs . ) .  However i t  seems 
h i g h l y  u n l i k e l y  t h a t  they  can do so  i n  a r e a s  of sus t a ined  high s a l i n i t i e s  
(above 30 p p t ) .  Future  f i e l d  work w i l l  have t o  determine whether t h e  
p r e s e n t  small r a t e  of  recru i tment  i s  adequate  t o  main ta in  a v i a b l e  
popula t ion .  It i s  p o s s i b l e  t h a t  F l o r i d a  Bay c r o c o d i l e s  a r e  be ing  
s t r e s s e d  i n  p a r t  by t h e  marginal  a b i l i t y  of young t o  su rv ive  i n  
h a b i t a t  n e a r  p r e s e n t  day n e s t  s i t e s .  

I n  c o n t r a s t  w i th  marine snakes and t u r t l e s ,  a l l  c r o c o d i l i a n s  a r e  poorly 
adapted t o  cope wi th  t h e  problems of osmoregulation i n  s e a  water .  A most 
cogent comparison can be  made between C. a cu tus  and t h e  mangrove snake, 
Nerodia f .  compressicauda. Both l i v e  i n  t h e  same h a b i t a t  and both apparent ly  
l a c k  a. salt gland and feed on f i s h .  Y e t  t h e  mangrove snake has a much 
lower r a t e  of evapora t ive  water  l o s s  and a lower r a t e  of weight l o s s  
when immersed i n  s e a  water  (Dunson, 1980).  This occurs  i n  s p i t e  of 
t h e  snake ' s  h ighe r  s k i n  s u r f a c e  a rea .  Mangrove snakes a r e  moderately 
abundant even i n  h igh ly  s a l i n e  h a b i t a t  on i s o l a t e d  i s l e t s .  They a r e  
s u b s p e c i f i c a l l y  d i s t i n c t  from t h e  more widespread fresh-water r a c e  
N. f .  p i c t i v e n t r i s ,  and seem t o  be  w e l l  on t h e  way t o  evolving i n t o  a - - 
s e p a r a t e  e s t u a r i n e  spec i e s .  This i s  not  an  uncommon response f o r  animals 
l i v i n g  i n  t h e  e s tua ry ,  s i n c e  a s u i t e  of h igh ly  s p e c i a l i z e d  c h a r a c t e r s  a r e  
necessary f o r  s u r v i v a l  t h e r e .  Thus a t y p i c a l  e s t u a r y  has a low s p e c i e s  
d i v e r s i t y ,  and many of t h e  spec i e s  and subspec ies  p re sen t  t h e r e  w i l l  be  



unique types.  C. acumus seems t o  have undergone a  very  l i m i t e d  amount 
of evolu t ionary  s p e c i a l i z a t i o n  f o r  water  conserva t ion;  i t  remains 
b a s i c a l l y  a  t e r r e s t r i a l  animal somewhat modified f o r  f r e s h  w a t e r  l i f e .  
The so-ca l led  " s a l t  water'' c rocod i l e ,  C. porosus,  of t h e  wes tern  
P a c i f i c  a l s o  remains dependent on t h e  f r e s h  water  reaches  of t i d a l  
r i v e r s  f o r  egg l a y i n g  and r e a r i n g  of t h e  young (Messel and Bu t l e r ,  1977).  

The f i r s t  r e p o r t  known t o  me of t h e  plasma e l e c t r o l y t e  concen t r a t ion  
of C. a cu tus  i s  t h a t  of D i l l  and Edwards (1931). Plasma from a s i n g l e  
specimen caught i n  f r e s h  water  i n  Panama w a s  149 mM Na, 7.9 mM K, and 
117 mM C 1 .  Schmidt-Nielsen and Skadhauge (1967) repor ted  plasma 
concent ra t ions  of Jamaican C. acu tus  under normal ( f r e s h  wa te r ) ,  water- 
loaded,  dehydrated, and s a l t  loaded condi t ions .  Plasma osmotic 
p re s su re s  were 294, 278-287, 315-318 and 330-346 mOsm r e s p e c t i v e l y .  
Evans and E l l i s  (1977) found plasma N a  l e v e l s  of h a t c h l i n g  C. a cu tus  
of Jamaican o r i g i n  t o  b e  129 mM i n  f r e s h  water  and 142 mM i; 25% sea  
water .  Plasma osmotic p re s su re s  measured h e r e  f o r  h a t c h l i n g  C. acu tus  
a long  t h e  shores  of F l o r i d a  Bay (Table 1 )  were i n  t h e  range repor ted  
by Schmidt-Nielsen and Skadhauge (1967) f o r  s a l t  loaded animals .  Grigg 
(1977) found t h a t  t h e  plasma of C. porosws was r egu la t ed  w i t h i n  a  narrow 
range about a  mean of 304 mOsm over  a  wide range of s a l i n i t i e s .  However 
va lues  of 330-350 mOsm a r e  n o t  abnormal f o r  v e r t e b r a t e s  gene ra l ly  
(Dessauer, 1970) and a r e  n o t  h e r e  i n t e r p r e t e d  a s  evidence f o r  osmoregulatory 
problems. This  i s  a f a i r  conclusion i f  t h e s e  l e v e l s  a r e  maintained without  
progress ive  i n c r e a s e s  w i th  t ime. The p e c u l i a r  f e a t u r e  of t h e s e  d a t a  is  
t h e  remarkably low plasma Na concen t r a t ion  of many samples, d e s p i t e  t h e  
r e l a t i v e l y  normal osmotic p re s su re .  There is an  unaccounted f o r  substance 
amounting t o  about 20-30% of t h e  osmotic p re s su re  i n  many samples from 
h a t c h l i n g s .  I have no explana t ion  f o r  t h i s  a t  p re sen t ,  except  t o  suggest  
t h a t  more s tudy  i s  needed of Na and water  ba lance  of embryos and of 
ha t ch l ings  dur ing  t h e  immediate post-hatching per iod .  With t h e  except ion  
of t h r e e  16  day-old ha t ch l ings  from Black Betsy beach (Tabl\e I ) ,  N a  
l e v e l s  seem normal (150 mM is a t y p i c a l  v e r t e b r a t e  l e v e l ) .  It may be  
s i g n i f i c a n t  t h a t  t h i s  s i n g l e  c a s e  of e leva ted  plasma Na among wi ld  ha t ch l ings  
(from 120 t o  177 mM) occurred a t  t h e  only  n e s t i n g  s i t e  l e f t  on a n  i s l a n d  
ou t  i n  F l o r i d a  Bay where f r e s h  water  i n f l u x  from t h e  mainland is l imi t ed .  
Note a l s o  t h a t  t h e  e l e c t r o l y t e  c o n t r i b u t i o n  t o  t h e  t o t a l  osmotic p re s su re  
increased  from 68 t o  91%, even though t h e  abso lu t e  osmotic p re s su re  w a s  
r e l a t i v e l y  cons t an t .  A similar sequence of measurements among t h e  Cocoa 
Po in t  ha t ch l ings  f a i l e d  t o  demonstrate such a  r i s e  i n  plasma Na dur ing  
t h e  f i r s t  two weeks (Table 1 ) .  It i s  unfor tuna te  t h a t  f u r t h e r  plasma 
samples could n o t  b e  obtained dur ing  t h e  remainder of t h e  f i r s t  month 
of l i f e ,  b u t  h a t c h l i n g  c rocod i l e s  become very  d i f f i c u l t  t o  f i n d  a s  they 
d i s p e r s e  from t h e  n e s t  s i t e .  Repeated handl ing of t h e  same animals 
might pose t h e  hazard of  a s i g n i f i c a n t  d i s turbance  of normal behavior  
and physiology. Thus i t  is problemat ica l  whether adequate  s e q u e n t i a l  
plasma measurements can ever  be  made i n  t h e  wild.  Perhaps u s e f u l  d a t a  
might i n s t e a d  b e  obta ined  by in t roduc ing  ha t ch l ings  i n t o  a fenced 
a r e a  t h a t  d u p l i c a t e s  t h e  n a t u r a l  h a b i t a t ,  and observing any plasma 
changes i n  r e l a t i o n  t o  d i f f e r e n t  s a l i n i t y  regimes. 



It i s  i n t e r e s t i n g  t h a t  d a t a  sugges t ing  dehydra t ion  of mangrove snakes 
a t  h igh  s a l i n i t i e s  was obta ined  i n  t h e  f i e l d  (Table 2 ) .  Ten animals 
from Summerland Key and F l o r i d a  Bay had r e l a t i v e l y  normal plasma Na l e v e l s  
(means of  148-153 mM). Yet four  snakes from Davis Creek and L i t t l e  Pine 
I s l and  h a s  much h ighe r  concent ra t ions  (176-181 mM). I n  a l abo ra to ry  
s imula t ion ,  t h e  same f i v e  snakes from Summerland Key were placed i n  
35 pp t  s e a  water  f o r  27 days wi thout  food. Mean plasma Na r o s e  from 
148 t o  194 mM; plasma C 1  increased  from 135 t o  181  mM. A s i m i l a r  
e f f e c t  was noted by Evans and E l l i s  (1977) when they t r a n s f e r r e d  s i x  
h a t c h l i n g  C.  a cu tus  from f r e s h  water  t o  25% s e a  water ;  mean plasma 
Na r o s e  s l i g h t l y  b u t  n o t  s i g n i f i c a n t l y  from 129 t o  142 mM. To ta l  body 
Na va lues  were on ly  a v a i l a b l e  f o r  t h r e e  animals ,  b u t  they  increased  
cons iderably  i n  25% s e a  water .  

The e x c r e t i o n  of e l e c t r o l y t e s  by t h e  kidney of Jamaican 5. acu tus  
has  been considered i n  an  e x c e l l e n t  paper by Schmidt-Nielsen and 
Skadhauge (1967). The osmotic u r i n e  t o  plasma r a t i o  only changed 
s l i g h t l y  (0.7 t o  0.9) between s t a t e s  of hydra t ion  and dehydrat ion.  
The glomerular f i l t r a t i o n  r a t e  va r i ed  b u t  s l i g h t l y  i n  comparison 
wi th  most amphibious r e p t i l e s .  The r e n a l  t ubu le s  have l i t t l e  o r  no 
capac i ty  f o r  r e g u l a t i o n  of  t h e  u r i n e  composition. The c loaca  has  an  
important  r o l e  i n  i o n  balance;  Na and C 1  a r e  almost completely 
reabsorbed.  Crocodiles  a r e  ammono-uricotelic ( e x c r e t e  ammonia 
and u r i c  a c i d  b u t  l i t t l e  u rea )  and t h e i r  kidney func t ion  i s  more 
c h a r a c t e r i s t i c  of t e r r e s t r i a l  forms than  t h a t  of t y p i c a l  amphibious 
r e p t i l e s  such as t u r t l e s .  I n  normal C .  acu tus  c l o a c a l  f l u i d  (251 m0sm) 
was 5.9 mM Na, 16.5 mM C 1 ,  and 2.7 &K. A f t e r  s a l t  loading  a l l  t he se  
ions  increased;  Na was 38 mM, C 1  was 77 mM and K was 35 mM (Schmidt-Nielsen 
and Skadhauge, 1967).  I n  c l o a c a l  f l u i d  samples from F l o r i d a  Bay 
ha t ch l ings ,  a s i m i l a r  e f f e c t  w a s  found, a l though t h e r e  was some v a r i a t i o n  
i n  t h e  r e l a t i v e  amounts of Na, C 1  and K.  I n  c l o a c a l  f l u i d  samples of 
osmotic p r e s s u r e  above 300 mOsm, t h e r e  was l i t t l e  K (Table 3 ) .  C l w a s  
always p r e s e n t  g r e a t l y  i n  excess  of Na, wi th  one except ion.  N a  l e v e l s  
were gene ra l ly  below those  found by Schmidt-Nielsen and Skadhauge (1967), 
whereas C 1  was o f t e n  h ighe r .  The f a c t  t h a t  most Na i s  reabsorbed from 
t h e  c l o a c a l  f l u i d  tends t o  confirm t h e  plasma evidence t h a t  many 
h a t c h l i n g s  were hyponatremic. 

Schmidt-Nielsen and Skadhauge (1967) found l a r g e  amounts of ammonia i n  
t h e  c l o a c a l  f l u i d ,  b u t  they d id  n o t  measure u r i c  ac id .  K h a l i l  and 
Haggag (1958) had p rev ious ly  shown t h a t  c r o c o d i l i a n s  e x c r e t e  t h e i r  
ni t rogenous was tes  as ammonia and u r i c  a c i d .  I n  t h e  p re sen t  s tudy 
t h e  w h i t e  s o l i d s  mixed i n  w i th  t h e  c l o a c a l  f l u i d  were found t o  be  
72-95% u r i c  a c i d .  I n  o t h e r  r e p t i l e s  c a t i o n s  a r e  a l s o  excre ted  i n  
t h i s  m a t e r i a l ,  bound t o  u r a t e s  ( s ee  review by Minnich, 1979). The 
content  of  N a  is  gene ra l ly  low; K i s  much h ighe r  and v a r i e s  from about 
1000 pmoles/gram dry weight i n  carn ivorous  r e p t i l e s  t o  about 4000 pmoles/ 
gram i n  c e r t a i n  herbivorous ones.  I n  t h i s  s tudy  wi ld  C. acutus  had 
u r a t e  Na con ten t s  a s  h igh  a s  222 ~moles /g ram,  and K con ten t s  up t o  
1111 pmoles/gram. Captive c rocod i l e s  s i m i l a r l y  had a maxmimum Na 
l e v e l  of  60 pmoles/gram and K 1003 pmoles/gram. Longer term 
s t u d i e s  need t o  b e  c a r r i e d  o u t  of t h e  e f f e c t s  of dehydrat ion and 
sa l t  load ing  on u r a t e  c a t i o n s .  However a t  p re sen t  t h e r e  seems no 
reason  t o  suppose t h a t  - C.  acu tus  has  an a b i l i t y  d i f f e r e n t  from t h a t  



of a  t y p i c a l  carnivorous r e p t i l e  t o  e x c r e t e  Na and K i n  t h i s  fash ion .  

The only  previous s tudy  of Na f l u x e s  of C .  acu tus  is  t h a t  of Evans and 
E l l i s  (1977). They found a n  e f f l u x  of 2 3  pmoles/100 gram hour i n  
f r e s h  water  and 5.6 pmoles/100 gram hour i n  25% s e a  water  (125 mM Na). 
These a r e  very  low va lues  and i n d i c a t e  a  slow turnover  of body Na i n  
exchange w i t h  media of low s a l i n i t i e s .  I n  t h e  p re sen t  s tudy  t h e  
e f f l u x  f n  100% s e a  water  (470 mM Na) was 2.3 pmoles/100 gram hour 
(Table 5) .  Thus it appears  t h a t  changes i n  t h e  e x t e r n a l  s a l i n i t y  have 
l i t t l e  e f f e c t  on Na e f f l u x .  Since t h e  c rocod i l e s  had been i n  100% 
sea  water  f o r  more than  a  week and were dehydrated, such a low e f f l u x  
a l s o  i n d i c a t e s  t h a t  t h e r e  is  no s a l t  gland. The sma l l e s t  f u n c t i o n a l  
s a l t  gland y e t  descr ibed  i n  r e p t i l e s  is t h a t  of t h e  snake Cerberus 
rhynchops, which s e c r e t e s  Na a t  about  16  pmoles/100 gram hour (Dunson 
and Dunson, 1979).  More s p e c i a l i z e d  s e a  snakes and t u r t l e s  have 
r a t e s  i n  excess  100 pmoles Na/100 gram hour (Dunson, 1979).  

Na i n f l u x  of C. acu tus  i n  100% s e a  water  was h igher  than  t h e  e f f l u x  
(Table 5 ) .  IF appears  t h a t  a  s u b s t a n t i a l  n e t  uptake of about  10 ymoles/ 
100 gram hour is  occurr ing  i n  100% s e a  water .  In  comparison, t h e  f a s t i n g  
sea  snake Pelamis has  a  Na i n f l u x  and e f f l u x  of 8 .2  and 7.1 pmoles/100 
gram hour r e s p e c t i v e l y  (Dunson and Robinson, 1976).  When t h e  s a l t  gland 
is s t imu la t ed ,  t h e  e f f l u x  can jump t o  140 pmoles/lOO gram hour.  Since 
C .  a cu tus  l a c k s  a  s a l t  gland o r  t h e  r e n a l  a b i l i t y  t o  e x c r e t e  excess  Na, - 
i t  must then  avoid exposure t o  s e a  water .  However a g r e a t  d e a l  more 
informat ion  is  needed t o  p rope r ly  eva lua t e  Na balance a t  va r ious  
s a l i n i t i e s .  We e s p e c i a l l y  need a  s e r i e s  of  i n f l u x  and e f f l u x  de termina t ions  
a t  i n t e rmed ia t e  s a l i n i t i e s  (50 and 75% s e a  wa te r ) ,  a  s tudy  of t h e  e f f e c t s  
of s a l t  loading,  and a n  examination of changes i n  plasma Na and body Na 
con ten t  of c rocod i l e s  he ld  a t  va r ious  s a l i n i t i e s .  There i s  a l s o  t h e  
problem of compartmental a n a l y s i s  of t h e s e  f luxes  a s  d iscussed  i n  t h e  
methods s e c t i o n .  A l l  of t h e s e  experiments r e q u i r e  l a r g e  numbers of 
c a p t i v e  ha t ch l ings ,  a  commodity no t  a v a i l a b l e  f o r  t h e  p re sen t  s tudy.  

It appears  l i k e l y  t h a t  t h e  s k i n s  of most a q u a t i c  r e p t i l e s  a r e  e s s e n t i a l l y  
impermeable t o  Na (Dunson, 1978, 1979).  C. acu tus  is no except ion t o  t h i s  
gene ra l  r u l e .  Small p i eces  of shed k e r a t i n  were impermeable t o  Na -- i n  v i t r o ,  
and t h e  l i v i n g  s k i n  wi th  t h e  i n t a c t  k e r a t i n  covering i t  i s  probably equa l ly  
so.  This  should b e  confirmed ( a s  has  been done f o r  Cerberus by Dunson, 
1978) by p l ac ing  c rocod i l e s  i n  r a d i o a c t i v e  s e a  water  ( Z 4 ~ a  o r  2 2 ~ a )  wi th  
t h e  head a l t e r n a t e l y  h e l d  i n  and o u t  of t h e  water .  

Apparently t h e  s k i n  s u r f a c e  a r e a  of c r o c o d i l i a n s  has  never prev ious ly  
been measured. It i s  common p r a c t i c e  t o  use t h e  equat ion A = 10 w ~ . ~ ~  
(Schmidt-Nielsen and Skadhauge, 1967; Bentley and Schmidt-Nielsen, 1965, 
1966).  I n  t h i s  s tudy  t h e  a c t u a l  r e l a t i o n  was found t o  be A = 1 1 . 7 3 8 4 ~ 0 ~ 6 3 7 3  
(Table 6 ) ;  agreement of  t h e s e  two equat ions  i s  remarkably c lose .  It is 
i n t e r e s t i n g  t h a t  two spec i e s  of snakes measured i n  t h e  same way have 
g r e a t e r  s u r f a c e  a r e a s  than  c rocod i l e s  of t h e  same weight (Table 6) .  

The f i r s t  measurements of  weight l o s s  of C. acutus  immersed i n  s e a  
water  were made by Dunson (1970). Small animals (mean w t  86 gram) l o s t  



1.7% we igh t /dayove ra fou r  day per iod  i n  100% s e a  water .  Evans and 
E l l i s  (1977) got  an  i d e n t i c a l  f i g u r e  f o r  a  s i n g l e  h a t c h l i n g  i n  f u l l  
s t r e n g t h  sea water .  S ince  t y p i c a l  marine r e p t i l e s  l o s e  only about 
0.1-0.4% weight lday (Dunson, 1979),  sma l l  c r o c o d i l e s  do n o t  appear 
capable  of su rv iv ing  long  i n  100% s e a  water .  Small (101g) Caiman 
s c l e r o p s  do even poorer ; they  l o s t  6.8% weight lday i n  3.3% NaCl 
(Bentley and Schmidt-Nielsen, 1965).  Even when f ed ,  two young 
C. a cu tus  (220 and 290g) s t i l l  l o s t  1 .5  and 1.4% weight lday (Table 72 - 
when completely immersed. However a s  s i z e  i nc reases ,  weight l o s s  
of  fasting:. a cu tus  decreases ;  Evans and E l l i s  (1977) r e p o r t  r a t e s  
o f  0.4 and 0.7%/day i n  two 1-2 kg specimens i n  100% s e a  water .  
Dunson (1970) kep t  a  3.4 kg C .  a cu tus  immersed f o r  f i v e  months i n  
100% s e a  water:  i t  remained <eal thy and f ed  on t r o u t .  Fas t ing  
C .  porosus a s  sma l l  a s  1 .2  kg a l s o  show a diminished r a t e  of water  - 
l o s s  when immersed i n  f u l l  s t r e n g t h  s e a  water  (Table 7 ) .  E l l i s  
(unpub. obs.)  has  a l s o  measured r a t e s  of l o s s  i n  a  l a r g e  range of 
body s i z e s  o f  C. acutus ;  body weight was i n v e r s e l y  r e l a t e d  t o  t h e  r a t e  
of weight  l o s s .  

The measurements of weight  l o s s  i n  s ea  water  r epo r t ed  above have two 
s e r i o u s  f laws:  (1)  t h e  animals a r e  forced  t o  remain i n  s ea  water  
and (2)  t hey  a r e  u s u a l l y  no t  fed.  To provide  a  b e t t e r  s imula t ion  
of  cond i t i ons  i n  t h e  wi ld ,  fou r  sma l l  - C. acu tus  were placed i n d i v i d u a l l y  
i n  tanks wi th  l and  and water  s e c t i o n s .  S a l i n i t y  of t h e  water  w a s  
va r i ed  and t h e  c r o c o d i l e s  were f e d  every  two days. Three of fou r  
animals gained sma l l  amounts of weight a t  s a l i n i t i e s  a s  high a s  26 ppt  
(75% s e a  wa te r ) .  Larger  weight ga ins  occurred a t  17.5 pp t  (50% s e a  
wa te r ) .  About 1% weight lday was l o s t  a t  35 p p t  (Table 8 ) .  Fur ther  
work i s  necessary  t o  determine t h e  long term e f f e c t s  of maintenance 
a t  such s a l i n i t i e s  on r e c e n t  h a t c h l i n g s ,  s i n c e  t h e  c r o c o d i l e s  do e n t e r  
t h e  water  f r e q u e n t l y  and might slowly accumulate d e l e t e r i o u s  Na 
loads .  However i t  now appears  t h a t  young (3.5 month) C. acu tus  a r e  
capable  o f  good growth i n  s a l i n i t i e s  approaching 20 ppt i f  they a r e  
f e d  r e g u l a r l y  and allowed t o  choose between l and  and water  environments. 
I n  t h e s e  tests c rocod i l e s  were f ed  mainly on p i e c e s  of marine f i s h  
f l e s h  wi th  t h e  s k i n  a t t ached .  Whole f i s h  provides  t h e  same amount 
of water  a s  most i n v e r t e b r a t e s ,  w i th  about  h a l f  t h e  amount of Na 
(Table 9 )  . 
Observat ions o f  h a t c h l i n g  c rocod i l e s  i n  F l o r i d a  Bay shows t h a t  they 
spend cons iderable  amounts of t ime ou t  of water  (Mazzotti ,  Kusklan and 
Dunson, unpub. obs . ) .  Thus i t  i s  s u r p r i s i n g  t o  f i n d  t h a t  l a r g e  amounts 
of  evapora t ive  water  l o s s  (1.3 t o  1.6%/day) occur  i n  a i r  a t  a  r e l a t i v e  
humidity o f  96.5% and 30°C (Table 10 ) .  This  i s  about  t h r e e  t o  seven 
times t h e  evapora t ive  l o s s  r a t e s  of mangrove snakes. Despi te  t h e i r  
h igh  r a t e  of  t e r r e s t r i a l  water  l o s s ,  c rocod i l e s  ga in  t h e  advantage 
on l and  of avoid ing  n e t  uptake of  Na t h a t  occurs  when immersed i n  100% 
s e a  water .  C.  acu tus  a l s o  appears  t o  b e  b e t t e r  adapted f o r  a t e r r e s t r i a l  
e x i s t e n c e  than  two of  i t s  c l o s e  r e l a t i v e s .  Caiman l o s t  13.3% weight/day 
a t  23OC and a  r e l a t i v e  humidity of 25%, about  75% of which is dermal 
(Bentley and Schmidt-Nielsen, 1965, 1966).  An A l l i g a t o r  (668 g)  a t  
38°C l o s t  20X weight /day a t  27% r e l a t i v e  humidity and 12.5%/day a t  46% 



r e l a t i v e  humidity (Bogert and Cowles, 1947).  A s  C. acu tus  i n c r e a s e s  
i n  s i z e ,  i t s  r a t e  of evapora t ive  water  l o s s  r a p i d i y  decreases .  A 
326 g animal had a l o s s  r a t e  of only 0.27%/day (Table 10). Thus s i z e  
appears  t o  b e  a most c r u c i a l  determinant  of t h e  a b i l i t y  of  5. acu tus  
t o  main ta in  water  ba lance  i n  a i r  as w e l l  a s  when immersed i n  s e a  
water .  
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Table 1. Summer ( Ju ly  30-August 19, 1978, and August 6-August 16, 1979) and 
winter  (January 11-February 21, 1979) plasma concent ra t ions  of a l l i g a t o r s  
and c rocod i l e s  i n  F lo r ida  Bay. Mean +SD. 

Age , 
Loca l i ty  days N ppt  Na C 1  K IT IT 

*I\ 

Water Plasma 
s a l i n i t y ,  mM mOsm Na+Cl+K 

' 30 

A l l i g a t o r s :  summer, 1978 
F lo r ida  Bay 2 0-3 170 123 3.9 326 9 1 

Crocodiles:  summer, 1978 
Taylor River Adult 1 0 

Cocoa Po in t  1 6 23-26 155 123 4.4 324 8 7 
+9 218 +0.7 + l o  

A l l i g a t o r  Bay 1 . 5  2 23 116 125 3.9 348 70 
t 4 +o 20 +12 

Black Betsy Beach < 1  7 2 6 120 101 4.5 331 68 
+13 +16 +2.5 +12 

Trout Cove <7 1 2 2 118 128 4.6 320 78 

Basin H i l l s  
1 10 2 4 3 110 128 3.0 334 7 2 

56 20 k1.5 +13 

Crocodiles:  summer, 1979 
Black Betsy Beach 0 7 In  n e s t  150 8.4 327 

+ 5 k1.8 513 

Dead Stork  2-3 6 3 2 151  7.4 314 
25 +4.'0 +5 

Crocodiles:  win ter ,  1979 
Davis Creek 180- 5 19-31 157 123 8.3 337 8 6 

360 +7 +16 k2.1 +I9  

1 
On nor the rn  Key Largo a long Barnes Sound 



Table 2. Plasma concent ra t ions  of  f r e s h l y  captured mangrove snakes 
(Nerodia f. compressicauda) . Mean +SD . P a r t l y  from 
Dunson (1980). 

Water Plasma 
s q l i n i t y  , mM mOsm NaK l + K  

L o c a l i t y  N PP t N a  C 1  K T T ' 100 

Summerland Key 5 35 148 135 6.9 
k15 515 20.8 

Summerland ~ e y l  5 3 5 194 181 7.2 48 2 
56 +18 21.6 54 7 

L i t t l e  Pine I. 1 49 176 136 7.6 409 

F lo r ida  Bay 5 23-28 153 124 5.6 371 
+21 25 k3.4 537 

Davis Creek 3 20-31 181  135 5.6 379 
+8 k20 k0.5 + 30 

l. Same group as above bu t  he ld  27 days i n  35 ppt  s e a  water without  feeding 



Table 3. A comparison of  c loaca1  f l u i d  (CF) and plasma (PL) concent ra t ions  
of  i nd iv idua l  C. acu tus  from F lo r ida  Bay. 

Water Concentrat ions 
Age, s a l i n i t y  mM mOsm Na+Cl+K 

Loca l i ty  days P P ~  Sample Na C 1  K K K 100 

Black Betsy 
Beach <1 26 PL 113 102 3.9 313 7 0 

Cocoa Po in t  7 26 PL 109 120 5.4 340 

CF 30 6 

Trout Cove < 7 22 PL 118 128 4.6 320 

CF 1 8  94 2.6 322 

Basin H i l l s  10 4 3 PL 106 128 1.9 343 

CF 12  60 0 

Dead s to rkL  1 3  40 CF 17 .1  29.9 287 
23.0 t33.2 + 30 

Davis Creek -180 3 1 PL 166 132 9.0 357 

CF 1 3  115 45.0 274 

Davis creek2 180 2 0 PL 161  132 7.3 328 

CF 17 < l o  31.0 212 

1 
Mean va lues  +SD f o r  5 c rocod i l e s .  No plasma taken. 

2Marked a s  a h a t c h l i n g  and known t o  be  6 months o ld .  



Table 4. Sodium and potassium content  of t h e  s o l i d  p o r t i o n  of t h e  c loaca1  
f l u i d  e x c r e t i o n  from C. a cu tus  he ld  i n  f r e s h  water  i n  t h e  
l a b o r a t o r y  o r  f r e ~ h l y c a ~ t u r e d  i n  F l o r i d a  Bay. 

S a l i n i t y ,  Weight Days Content,  umoles/g dry wt 
Animal No. pp t  $4 accl imated Na K K/ ~a 

Caught i n  F l o r i d a  Bay: 

1 I n n e s t  -65 

2 I n  n e s t  "65 

3 I n  n e s t  -65 44 8 7 2.0 

4 I n  n e s t  -65 

5 2 0 355 

In  c a p t i v i t y  : 

7 Dehydrated 326 9 6 0 
i n  a i r  



Table 5. Sodium f l u x e s  of  - C .  a cu tus  i n  35 ppt  s ea  wa te rb  

Eff lux ,  pmoles/lOOg h 
"Fast" phase "Slow" phase 

In f lux  
T1/2 

T 
Weight, prnoles/lOOg h 112 % t o t a l  

g 0-lh 1-5h Flux days Flux days a c t i v i t y  

mean kSD 69.6 11.5' 59.2 2.3 
k21.5 22.7 k24.8 21.8 

h e a n  ca l cu la t ed  without  t h e  h ighes t  value.  



Table 6. The r e l a t i o n  between snout-vent l e n g t h  (L) ,  weight (W), and 
body s u r f a c e  a r e a  (A) i n  c r o c o d i l i a n s  and snakes. 

Range i n  Range i n  
snout  ven t  body 

Species  (N) l eng th ,  c m  weight,  g  Equation r 2 

Crocodi l ians  : 

C. a cu tus  (4) - 
C.  porosus  (8) - 
Caiman sp.  (1) 

C.  a cu tus  (12) - 13.4-61.8 57-6115 W = 0.0263L 2*9730 0.995 

Calcula ted  from above r e l a t i o n s h i p s  A = 11.7384W 0.6373 

Snakes : 

Nerodia s ipedon 
1 

Pelamis p l a t u r u s  
1 



Table 7. Weight changes of crocodi les  completely immersed i n  sea water. 

S a l i n i t y ,  Body Weight change, 
Species ppt Days weight, kg Xlday 

C. porosus: f a s t i n g  

35 14 

3 5 14 

3 5 14 

35 14 

3 5 14 

3 5 9 

3 5 14 

C.  acutus: fed l i v e  minnows 

3 5 6.4 

3 5 6.4 

18 5.7 

18 5.7 



Table 8 .  Maintenance of body weight by small 5. acu tus  o f fe red  a choice 
between land and water .  Fed every two days wi th  f i s h ,  s t a r t i n g  
October 31, 1979. 100% sea water  is 35 ppt .  

S a l i n i t y ,  Change i n  body weight,  %/day 
ppt  Days no. 1 no. 2 no. 3 no. 4 Mean 

0 8 +O .14 +0.55 +O .59 +0.49 +0.44 

9 14  +2.45 +l. 83 +3.25 +2.45 +2.50 

17.5 14  +O .18 -0.07 -0.31 +0.42 +0.06 

17.5 14  +l. 83 +l. 36 +2.19 +2.60 +2.0C 

2 6 14 +O .40 +0.18 -0.39 +0.88 +0.07 

35 7 -1.25 -0.69 -0.61 -1.62 -1.04 

9 14 +2.89 +3.00 +3.99 +2.83 +3.18 

26 14  -0.47 -0.35 -0.52 -0.62 -0.49 

17.5 14  +1.27 +O. 65 +2.01 -0.27 +0.92 

17.5 14  -0.22 +0.15 +O .88 +1.07 +0.47 

17.5 14  M.12 -0.16 + l .  98 +0.55 +0.62 

0 6 +l. 17 +2.63 +2.55 +3.03 +2.35 

I n i t i a l  age, months 15.5 3.5 3.5 3.5 

I n i t i a l  weight,  grams 484 116 9 8 115 

F i n a l  weight,  grams 1054 240 293 273 



Table 9. Water and c a t i o n  content  of p o s s i b l e  h a t c h l i n g  c r o c o d i l e  food i tems 
c o l l e c t e d  nea r  t h e  s tudy  n e s t  site, F l o r i d a  Bay. Mean kSD. 

Cat ion content ,  
Ind iv idua l  ymoles/g wet w t  

I t e m  N weight,  e; % water  Ma K 

I n v e r t e b r a t e s  

Isopod 

Adult d ragonf ly  3  0.054 70.5 205 106 
(Ery throdip lax  be ren ice )  +O .004 k1.3 + 38 + 7 

F idd le r  c r ab  
(Uca - sp . )  

Earwig 

Earthworm 6  0.247 85.3 190 3  6  

F ish :  

S a i l f i n  molly 6 0.355 
( P o e c i l i a  l a t i p i n n a )  

S i l v e r s i d e  10  0.180 
(Menidia b e r y l l i n a )  

Sheepshead minnow 5  0.336 
(Cyprinodon va r i ega tus )  

Gulf k i l l i f i s h  2 1 .0 
(,Fundulus grandis )  



Table 10.  To ta l  evapora t ive  water  l o s s  of c rocod i l e s  (C. acu tus )  and 
mangrove snakes (N, f. compressicauda) (expressed a s  % i n i t i a l  
weight  l o s t l d a y )  i n  a i r  ( a t  30°C) pumped a t  300 ml/min. 
Mean -+SD (days t e s t e d ) .  

Body Evaporat ive l o s s  a t  r e l a t i v e  humidi t ies  l i s t e d  
weight,  g 0 % 75% 96.5% 

C. a cu tus  - 

8 1 

8 4 

326 

995 

1544 

N. f .  compressicauda - - 

55 

69 



Appendix 1. Crocodilians handled i n  F lo r ida  Bay. 

Table I t e m  I d e n t i f i c a t i o n  Date 

1 Al l iga to r s :  summer, 1978 

Taylor River 

Crocodiles: summer, 1978 

Taylor River 
Cocoa Point  

I t  

I1 

All fga to r  Bay 
Black Betsy Beach 

11 

Trout Cove 

Crocodiles: summer, 1979 

Black Betsy Beach 
Dead Stork 

Crocod2les: winter ,  1979 

Davis Creek 

Crocodele cloaca1 f l u f d  composition 

Black Betsy Beach 
Cocoa Pofnt  
Trout Cove 
Dead Stork 
Davis Creek 

I t  

Crocodile u r a t e  ion  content 

Black Betsy Beach 
Davis Creek 

I* 
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