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A b s t r a c t  

CUTANEOUS WATER LOSS IN REPTILES 

by

A lb e r t  Z ucker 

A d v iso r : P r o f e s s o r  P au l F . A. M aderson

C utaneous w a te r  l o s s  (CWL) i n  s e v e r a l  r e p t i l e s  was m easu red  w ith  

a  c o m p a rtm e n ta liz e d  cham ber te c h n iq u e  and w i th  i n  v i t r o  and  i n  v iv o  

c a p s u le  te c h n iq u e s .  S p e c ia l  a t t e n t i o n  was p a id  t o  th e  s e l e c t i o n  o f  

t h e  m a t e r i a l s  u se d  in  th e  c o n s t r u c t io n  o f  th e  a p p a r a tu s ,  and  t h e  mea­

s u r in g  p ro c e d u re  i t s e l f .  Such c o n s id e r a t io n s  re d u c e d  t h e  m e asu rin g  

e r r o r s  w hich  c h a r a c te r i z e d  p re v io u s  s tu d i e s  in  t h i s  a r e a .  In  s q u a -  

m a te s ,  t h e  s ta g e  o f  th e  e p id e rm is  i n  t h e  sh ed d in g  c y c le  was d e t e r ­

m ined by  ta k in g  s k in  b io p s ie s  a t  t h e  tim e  o f  m easurem ent.

The r a t e  o f  CWL d oes n o t s i g n i f i c a n t l y  change a f t e r  d e a th ,  an ­

e s t h e s i a ,  o r  w a te r  im m ersion  d u r in g  th e  re n e w a l p h a se  o f  th e  sh ed ­

d in g  c y c le ;  and  d oes n o t  v a ry  g r e a t l y  among t h e  body s i t e s  m easu red . 

CWL in c r e a s e s  a f t e r  a c u te  h y d r a t io n ,  w a te r  im m ersion  d u r in g  t h e  p o s t -  

sh ed d in g  s ta g e  o f  t h e  sh e d d in g  c y c le ,  and a c u te  c lo a c a l  t a p in g :  i t

p ro b a b ly  d e c r e a s e s  a f t e r  p ro lo n g e d  d e h y d ra t io n  and e x p o su re  t o  a  d ry  

e n v iro n m e n t.

S e v e ra l  m o rp h o lo g ic a l o b s e r v a t io n s  a id e d  i n t e r p r e t a t i o n  o f  th e  

r e l a t i o n s h i p  be tw een  CWL and  th e  squam ate  sh ed d in g  c y c le .  I n  sev ­

e r a l  l i z a r d s  t h e  sh ed d in g  c y c le  i s  n o t  sy n c h ro n iz e d  o v e r  t h e  e n t i r e  

e p id e r m is ,  and  in  many sq u a m a te s , e s p e c i a l l y  in  s n a k e s ,  e x t e r n a l  

s t im u l i  may a l t e r  t h e  sh ed d in g  f re q u e n c y  and a f f e c t  e p id e rm a l h i s ­

to lo g y .  G e n e ra l ly ,  CWL b e g in s  t o  in c r e a s e  som etim e d u r in g  t h e  r e -
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new al p h a s e , peak s  a t  a p p ro x im a te ly  s ta g e  5 o f  th e  sh ed d in g  c y c le ,  

re m a in s  h ig h  d u r in g  s h e d d in g , and d e c re a s e s  t h e r e a f t e r  u n t i l  th e  p e r ­

f e c t  r e s t i n g  c o n d i t io n  o f  t h e  sh ed d in g  c y c le  i s  a t t a i n e d .

The squam ate in teg u m en t was a n a ly z e d  a s  a  com plex d i f f u s io n s ! ,  

h a r r i e r  w ith  h e te ro g e n e o u s  h o r iz o n ta l  (h in g e s  and o u te r  s c a le  s u r ­

f a c e s )  and  v e r t i c a l  ( p r i n c i p a l l y  th e  h e t a  and  a lp h a  l a y e r s )  compo­

n e n t s .  By a  v a r i e t y  o f  e x p e r im e n ta l  p r o to c o l s ,  i t  was shown t h a t  th e  

h in g e s  a r e  n o t more p e rm eab le  th a n  th e  o u te r  s c a le  s u r f a c e s ,  a lth o u g h  

i t  may ta k e  lo n g e r  f o r  th e  r a t e  o f  w a te r  l o s s  from  th e  h in g e s  to  

e q u i l i b r a t e  i n  th e  m easu rin g  system s u sed  i n  t h i s  s tu d y . The r e s u l t s  

o f  e x p e rim en ts  in v o lv in g  c e llo p h a n e  s t r i p p i n g  th e  e p id e rm is ,  an a n a l ­

y s i s  o f  t h e  r e l a t i o n s h i p  betw een  th e  sh ed d in g  c y c le  and CWL, and sev ­

e r a l  o th e r  i n d i r e c t  p r o to c o ls  show t h a t  th e  a lp h a  l a y e r  i s  p ro b a b ly  

t h e  p rim a ry  p e r m e a b i l i ty  b a r r i e r  w h ile  th e  b e t a  l a y e r  i s  p r im a r i ly  

a  m echanical, b a r r i e r .

The p o s i t i o n  i s  a d v o ca te d  t h a t  th e  m easurem ent o f  CWL in  r e p ­

t i l e s  a s  d e te rm in e d  in  t h i s  o r  any o th e r  s tu d y ,  i s  o n ly  m ean in g fu l 

i n  an  a n a ly s i s  o f  th e  f u n c t io n a l  m orphology o f  th e  in te g u m e n t, and 

t h a t  su ch  s tu d ie s  do n o t have q u a n t i t a t i v e  e c o lo g ic a l  a p p l i c a b i l i t y .
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INTRODUCTION

SECTION I .  COMPARATIVE ANATOMY AND PHYSIOLOGY OF THE AMNIOTE INTEGU­

MENT

A. MAMMALS

The skin, o r  integum ent o f  a l l  v e r te b r a te s  c o n s is ts  o f  an o u te r  

ep iderm is and an in n e r  derm is s e p a ra te d  by a  basem ent membrane. The 

mammalian derm is can be su b d iv id ed  in to  a s u p e r f i c i a l  p a p i l l a r y  la y e r  

and an u n d e rly in g  deep la y e r .  The mammalian ep iderm is c o n s is ts  o f  a 

p o p u la tio n  o f  germ inal c e l l s  which produces th e  more s u p e r f i c i a l  k e ra ­

t i n i z i n g  c e l l s .  The k e r a t in iz in g  c e l l s  d ie  as th e y  m ature and th e  

outerm ost l a y e r ,  which c o n s is ts  on ly  o f  such dead c e l l s ,  i s  th e  s t r a ­

tum corneum. The ep iderm al c e l l s  o f  mammals o n ly  produce th e  a lp h a  

ty p e  k e r a t in .

Human sk in  i s  r e l a t i v e ly  impermeable to  w a te r , t h a t  i s ,  w a ter can 

p ass  o n ly  slow ly  th rough  i t ,  0 .1 -0 .6  mg/cm2/h r  (depending on th e  r e ­

g ion  o f  sk in  measured and th e  p h y s ic a l p r o p e r t ie s  o f  th e  m easuring 

sy s tem ), as compared to  13 mg/cm2/h r  fo r  w a ter e v a p o ra tio n  from a f r e e  

w a ter su r fa c e  a t  37°C and 0% r e l a t i v e  hum id ity  (B e tt le y  and G ric e , 

1965; Id so n , 1973; Kligman, 196U; Lamke and Wedin, 1971; S cheup lein  

and B lank, 1971). Cutaneous w a ter lo s s  (CWL) in  man i s  l im i te d  by th e  

r a t e  o f  d if f u s io n  th rough  th e  s k in ,  n o t by e v ap o ra tio n  from th e  s k in 's  

su rfa c e  (S ch eu p le in  and B lank , 1971). Most au th o rs  f e e l  t h a t  th e  

s tra tu m  corneum i s  th e  most impermeable la y e r  o f  th e  in tegum ent and 

th e re fo re  de term ines in tegum entary  p e rm e a b il i ty .  Baker and Kligman 

(1967) ,  Idson  (1 973), Kligman (196U ), and S cheup lein  and Blank (1 971),
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a l l  f e e l  th a t  a l l  v e r t i c a l  components o f  th e  s tra tu m  corneum a re  u n i­

form ly im perm eable, w h ile  B e t t le y  (1970)> M ali (1 9 5 6 ), M alkinson 

(1961+), and W ills  (1972) f e e l  th a t  th e  most p rox im al p a r t  o f  th e  s t r a ­

tum corneum, th e  s tra tu m  compactum, i s  most im perm eable.

W ater movement th o rugh  th e  s tra tu m  corneum occu rs  m ain ly  by i n ­

t r a c e l l u l a r  p a th s . The sm all c r o s s - s e c t io n a l  a re a  o f  th e  i n t e r c e l l u ­

l a r  spaces keeps them from be ing  s ig n i f ic a n t  p a th s  o f  w a te r movement. 

S im ila r ly ,  sweat g lands and h a i r  f o l l i c l e s  a re  a ls o  un im portan t f o r  

th e  w ater l o s t  d u rin g  long  term  measurements (S ch e u p le in , 1972; 

S cheup le in  and B lank, 1971)- P e rm e a b ility  i s  r e l a t e d  to  th e  a c t iv a ­

t i o n  energy o f th e  m olecule (w a te r) and th e  system  th ro u g h  which i t  

d i f f u s e s  ( k e r a t in  and i t s  m a tr ix ) . In  h y d ra ted  human sk in  th e  a c t i ­

v a t io n  energy i s  13-20 K cal/m ole ( Id so n , 1973; S p r u i t ,  1971)-

H a ttin g h  (1973) f e e l s  th a t  th e  s tra tu m  corneum i s  n o t th e  on ly  

la y e r  t h a t  l im i t s  w a ter lo s s .  He f in d s  t h a t  d r ie d  tongue e p ith e liu m  

i s  as impermeable as  k e r a t in iz e d  s k in . However, he f e e l s  t h a t  th e  

b a r r i e r  (w hatever i t  may be) has th e  a b i l i t y  to  r a p id ly  change i t s  

s t r u c tu r e  and p e rm e a b il i ty  in  resp o n se  to  env ironm en ta l s t im u l i .

S p ru it  and Herweyer (1967) f e e l  t h a t  th e  b a r r i e r  can be c o n d itio n e d . 

T h e re fo re , depending on th e  p rev io u s  ex p erien ce  o f th e  s k in ,  th e  same 

p h y s ic a l  tre a tm e n t may cause a d i f f e r e n t  q u a n t i ta t iv e  e f f e c t  on p e r­

cu taneous w a ter lo s s .  T h ie le  and van Senden (1966) found a  s tro n g  

c o r r e la t io n  between cu taneous c i r c u la t io n  and cu taneous w a ter l o s s .  

H a ttin g h  (1972c) in v e s t ig a te d  th e  e f f e c t  o f  some d e f in i t e  cu taneous 

v a sc u la r  changes on percu taneous w a ter l o s s .  The r e la t io n s h ip  between 

cu taneous c i r c u la t io n  and w ater lo s s  i s  com plex, b u t he concludes t h a t  

th e  b lood supp ly  to  th e  sk in  de term ines tra n se p id e rm a l w a ter lo s s .
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T hus, d im in ished  cutaneous h lood  supply  (cu taneous v a s o c o n s tr ic t io n )  

l im i t s  CWL, w h ile  in c re a se d  c a p i l l a r y  p re s s u re  a llow s g r e a te r  CWL. 

T h e re fo re , H a ttin g h  f e e l s  th e  b a r r i e r  i s  n o t a  p h y s ic a l d if f u s io n  b a r ­

r i e r  b u t r a th e r  a  p h y s io lo g ic a l b a r r i e r .  A lthough th e  i n t e g r i t y  o f  

th e  b a r r i e r  i s  dependent on i t s  l i p i d  com p o sitio n , no s p e c if ic  l i p i d  

has been l in k e d  in  a  c au sa l manner to  cu taneous p e rm e a b ility  (Sweeney 

and Downing, 1970).

T em perature , k e r a t in  h y d ra tio n , wind v e lo c i ty ,  and am bient humi­

d i ty  a l l  have an e f f e c t  on th e  r a t e  o f  CWL. I t  i s  d i f f i c u l t  to  mani­

p u la te  one f a c to r  w ith o u t a f f e c t in g  a n o th e r . Thus, an in c re a se  in  

tem p e ra tu re  w i l l  d ec rease  th e  r e l a t i v e  hum id ity , and a ls o  have a  d ry ­

in g  e f f e c t  on th e  k e r a t in .  Changing wind v e lo c i ty  must a ls o  change 

am bient hum id ity . Even a f t e r  a  f a c to r  has been shown to  have a  d i r e c t  

e f f e c t ,  i t  i s  o f  i n t e r e s t  to  know i f  th e  e f f e c t  changes l i n e a r l y ,  o r 

o th e rw ise , w ith  a  change in  th e  m agnitude o f  th e  f a c to r .  C r i t i c a l  

a n a ly s is  o f  th e  f a c t o r 's  r e a l  e f f e c t  i s  hampered, because some in v e s ­

t i g a t o r s  m easure e q u i l ib ra te d  e f f e c t s ,  w h ile  o th e rs  m easure s h o r t  term  

e f f e c t s  (Goodman and W olf, 1969; G ric e , S a l t e r ,  S h a r r a t t ,  and B aker, 

1971; G ric e , S a l t e r ,  and B aker, 1972; H a ttin g h , 1972a; Id so n , 1973; 

Johnson and S h u s te r , 1969; Kligman, 196H; Lamke and Wedin, 1971; M ali, 

1956; R ieg er and Deem, 197^; Schmid, 1972; S p r u i t ,  1971). Based on 

S c h e u p le in 's  (1972) a n a ly s is :  tem p e ra tu re  and k e r a t in  h y d ra tio n  would

have d i r e c t  e f f e c t s ,  wind v e lo c i ty  would o n ly  a c t  by a f f e c t in g  am bient 

h u m id ity , and th e  am bient hum id ity  would have a  sm all d i r e c t  e f f e c t  by 

changing th e  c o n c e n tra tio n  g ra d ie n t ,  and an in d i r e c t  e f f e c t  by a l t e r ­

in g  th e  k e r a t i n 's  s t a t e  o f  h y d ra tio n .

A lthough th e  s t r u c tu r e  and fu n c tio n  o f  human sk in  have been s tu -
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d led  in te n s iv e ly ,  th e r e  have been few s tu d ie s  on th e  p e rm e a b il ity  o f 

th e  sk in  o f  o th e r  mammals (B a rte k , 1972; H a ttin g h , 1972b) o r th e  r e l a ­

t io n  between CWL and p e lag e  (Cena and M on te ith , 1975; H a ttin g h , 1973). 

I t  i s  n o t c le a r  i f  d e s e r t  mammals have low er r a t e s  o f  CWL th a n  r e la te d  

m esic form s, nor i f  CWL d e c rea se s  d u rin g  d eh y d ra tio n  (A llen  and Rod- 

d ie ,  1973; Chew, 1955; H aines and S h ie ld , 1971; H aines, C iskow ski, and 

Harms, 1973; H a in es , M acfa rlan e , S e tc h e l l ,  and Howard, 197^5 Hudson 

e t  a l . ,  1972; H u lb e rt and Dawson, 197^» H ulbert and Rose, 1972; Mac­

m illa n  and Lee, 1967; S ch m id t-N ie lsen , 1969; Shkolnik  and B o ru t, 1969; 

Sokolov, 1962) .

B. BIRDS

The body in tegum ent o f  b ird s  i s  th in n e r  th an  th a t  o f  mammals, i t  

la c k s  g la n d u la r  s p e c ia l i z a t io n s ,  and has f e a th e r s  (composed o f  f e a th e r  

k e r a t in )  in s te a d  o f  h a i r  (Cane and Spearman, 1972; M aderson, 1972ab; 

S te tte n h e im , 1972). As in  mammals, th e  k e r a t in iz a t io n  o f  th e  i n t e r -  

f o l l i c u l a r  e p ith e liu m  i s  a con tinuous p ro ce ss  (P arak k a l and A lexander, 

1972). G en era lly  th e  rham photheca ( b i l l  in tegum ent) i s  h a rd  and i s  

composed o f  f e a th e r  k e r a t in ,  however, i t s  le a th e r y  a re a s  a re  composed 

o f  a lp h a  k e r a t in  ( F r a s ie r  e t  a l . , 1972). The podotheca ( fo o t in te g u ­

ment) i s  s c a le d , th e  o u te r  s c a le  su rfa c e  i s  composed o f  f e a th e r  k e ra ­

t i n ,  w h ile  th e  in n e r  s c a le  su rfa c e  and h inge  a re  composed o f  a lp h a  

k e r a t in  (Baden and M aderson, 1970).

In  b ird s  t o t a l  ev ap o ra tiv e  w ater lo s s  (EWL) in c re a s e s  w ith  an in ­

c re a se  in  tem p era tu re  o r  r a t e  o f  a i r  flow . However, in  b o th  cases  th e  

in c re a s e  i s  m ainly due to  a  d ecrease  in  am bient w ater vapor p re s su re  

(L asiew ski et_ a l . ,  1966ab). A lthough i t  was once tho u g h t th a t  th e  ma-
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j o r  source  o f  e v ap o ra tiv e  w a ter lo s s  in  "birds i s  r e s p i r a to r y  w a ter 

lo s s  (Craw ford and S ch m id t-N ie lsen , 1967; Lasiew ski e t  a l . ,  1966ab), 

i t  now seems th a t  a t  l e a s t  in  some "birds CWL (th ro u g h  th e  sk in  and 

plumage) i s  la r g e r  th an  th e  r e s p i r a to r y  component (B e rn s te in , 1969, 

1971; L asiew ski a t  a l . ,  1971)* Lee and S chm id t-N ielsen  (1971) showed 

th a t  zeb ra  f in c h e s  can d r a s t i c a l l y  reduce  CWL d u rin g  d e h y d ra tio n , and 

a lth o u g h  B e rn s te in  ( 1971a) contends t h a t  CWL d e c rea se s  w ith  an in ­

c re a se  in  te m p e ra tu re , Smith and S u th e rs  (1969) and Bouverot e t  a l . 

(197*0 c la im  th e  re v e rs e .

C. REPTILES

1. N o n -lep idosau rs

G en era lly  th e  e n t i r e  in tegum ent in  th e  two re c e n t  o rd e rs  o f  

n o n -le p id o sa u r ia n  r e p t i l e s  ( th e  c ro c o d i l ia  and th e  t e s tu d in a ta )  i s  

c h a ra c te r iz e d  by s c a le s .  S ca les  always have derm al and ep iderm al com­

p o n en ts . Some s c a le s  a re  s tro n g  p ro te c t iv e  u n i t s  ( f o r  exam ple, th e  

le g  s c a le s  o f t o r t o i s e s ,  o r th e  back s c a le s  o f  c r o c o d i le s ) ,  w h ile  in  

o th e r  cases  ( f o r  exam ple, neck and in g u in a l s c a le s  in  a l l  t u r t l e s  and 

th e  le g  s c a le s  o f  s l i d e r s ) ,  th e y  a re  as  p l ia b le  as n o n -sca led  sk in . 

S c a le s  range in  shape from s tro n g ly  o v e rlap p in g  o r im b rica te  ( t o r ­

to i s e  and sea  t u r t l e  s c a le s ) ,  to  cu b o id a l (c ro c o d ile  b e l ly  s c a le s ) ,  

to  g ra n u la r  ( s l i d e r  le g  s c a le s ) .

The dynamics o f  th e  k e r a t in iz a t io n  p ro ce ss  in  th e se  two o r ­

d e rs  has been d e sc r ib e d  as co n tin u o u s , th e  c o r n if ie d  la y e r s  a re  th ic k  

over th e  e n t i r e  integum ent and shedding i s  g e n e ra l ly  r e s t r i c t e d  to  

s in g le  s c a le  u n i t s  o r l e s s  (A lexander, 1970; M ato ltsy  and H uszar,

1972; P a rak k a l and A lexander, 1972; Spearman and R ile y , 1969) .
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On th e  hasiB  o f X -ray d i f f r a c t i o n ,  Baden and Maderson (1970) 

showed th a t  when ep iderm al a lp h a  k e r a t in  s y n th e s iz in g  re g io n s  a l t e r ­

n a te  w ith  f e a th e r  k e r a t in  sy n th e s iz in g  re g io n s , th e  o u te r  s c a le  s u r­

fa c e  (OSS) produces th e  f e a th e r  ty p e , and th e  in n e r  s c a le  su rfa c e  

(ISS) th e  a lp h a  ty p e . Baden and Maderson (1970) a ls o  showed t h a t  t h i s  

s i t u a t io n  c h a r a c te r iz e s  th e  im b rica te  podotheca s c a le s  o f  b i r d s  (bu t 

n o t th o se  on th e  p la n ta r  a sp e c t o f  th e  fo o t ;  Sawyer, p e rso n a l commu­

n ic a t io n ) .  The k e r a t in  d i s t r i b u t io n  in  th e  C helon ia  i s  more complex; 

th e  r e l a t i v e l y  hard  " to r to i s e  s h e l l "  c o n s is ts  o f  f e a th e r  k e r a t in .  

S c a le s  on th e  r e s t  o f th e  in tegum ent o f  Testudo and Erytm ochelys have 

f e a th e r  k e r a t in  on th e  OSS and a lp h a  k e r a t in  on th e  ISS. The in te g u ­

ment o f  th e  e x tre m it ie s  and neck o f  th e  s l i d e r ,  and th e  e n t i r e  in te g u ­

ment o f  th e  s o f t s h e l l s  and th e  le a th e rb a c k , c o n ta in  on ly  a lp h a  k e ra ­

t i n i z i n g  c e l l s .  Much o f  t h i s  a n a ly s is  was in d ep en d en tly  v e r i f i e d  u l -  

t r a s t r u c t u r a l l y  by A lexander (1970), who a ls o  showed th a t  a lp h a-co n ­

ta in in g  c e l l s  do no t lo s e  t h e i r  membranes du rin g  k e r a t in i z a t io n ,  w hile  

th e  lo s s  o f  c e l l  membranes occurB f re q u e n tly  d u rin g  m a tu ra tio n  o f fe a ­

th e r  k e r a t in  c o n ta in in g  c e l l s .  In  f a c t ,  th e  fe a th e r -c o n ta in in g  co r­

neous la y e r  over th e  carapace  o f  h a rd s h e lle d  t u r t l e s  has no rem ains 

o f  c e l l  membranes.

2. Squamates

The in tegum ent o f  a l l  squam ates i s  s c a le d . There i s  more 

v a r ia t io n  in  s c a le  form in  squamates th a n  in  any o th e r  group o f  re p ­

t i l e s .  S ca les  can be h ig h ly  im b rica te  ( f o r  exam ple, Sceloporus back 

s c a le s ) ,  cu b o id a l ( f o r  exam ple, Tupinambis b e l ly  s c a le s ) ,  g ra n u la r  

( f o r  exam ple, A no lis  back s c a le s ) ,  sp iny  ( f o r  exam ple, Phrynosoma 

back  s c a le s ) ,  an n u la r ( f o r  exam ple, am p h isb aen id s), o r any in te rm e d i-



-7 -

a te  c o n d itio n . G e n e ra lly , squam ates shed t h e i r  o u te r  ep iderm al gene­

r a t i o n  (see  below) s e v e ra l  tim es  a  y e a r . In  snakes and many l i z a r d s  

t h i s  even t i s  synchron ized  so th a t  th e  e n t i r e  o u te r  g e n e ra tio n  i s  r e ­

moved as one p ie ce  (M aderson, Mayhew, and Sprague, 1970). S ev e ra l 

sp e c ie s  o f  l i z a r d  e a t  th e  o ld  g e n e ra tio n  as  th e y  remove i t  (B ustard  

and M aderson, 1965) .

The h i s to lo g ic a l  changes d u rin g  th e  shedding  cy c le  have been 

d e sc r ib e d  bo th  a t  th e  l i g h t  and e le c tro n  m ic roscop ic  l e v e l s  (A lexander 

and P a ra k k a l, 19^9; B ryant e t  a l . ,  1967; M aderson, 1965a ,  1966 ; Mader­

so n , C hiu , and P h i l l i p s ,  1970b; M aderson, Mayhew, and Sprague, 1970; 

Maderson e t  a l . . 1972; Roth and Jo n e s , 1967 , 1970; Spearman and R ile y , 

1969) . The fo llo w in g  d e s c r ip t io n  o f  th e  h i s to lo g ic a l  changes o ccu r­

r in g  on th e  OSS in  th e  tokay  du ring  th e  s lo u g h in g  c y c le , em phasizes 

th o se  p o in ts  most germane to  th e  f a c to r s  a f f e c t in g  th e  r a t e  o f  CWL.

The shedding  cy c le  i s  a continuum , and i t  i s  on ly  d iv id ed  in to  a r b i ­

t r a r y  s ta g e s  to  f a c i l i t a t e  p re s e n ta t io n .

J u s t  a f t e r  shedding th e  ep iderm is i s  in  th e  p o s t-sh ed d in g  

c o n d itio n  and c o n ta in s  from w ith o u t inw ards, an O berhautchen , b e ta ,  

m esos, and a lp h a  la y e r s ,  s e v e ra l  la y e r s  o f  immature c e l l s  and a  s t r a ­

tum germ inativum  ( f ig u r e  l ) .  W hile a t  th e  tim e o f  shedding  th e  th r e e  

ou term ost la y e r s  a re  f u l l y  m ature and do n o t change th ro u g h o u t th e  

rem ainder o f  th e  c y c le , th e  a lp h a  la y e r  i s  u s u a lly  th in  when shedding 

o c c u rs . During th e  n ex t few days th e  immature c e l l s  d i r e c t l y  ben ea th  

th e  a lp h a  la y e r  become s te a d i ly  in c o rp o ra te d  in to  th e  m atu ring  t i s ­

su e . B eneath th e s e  p resum ptive a lp h a  c e l l s  a re  l e s s  f l a t t e n e d  c e l l s  

which do n o t com plete ly  k e r a t in iz e  u n t i l  J u s t  b e fo re  th e  fo llo w in g  

shed . At about th e  tim e th a t  th e  l a s t  p resum ptive  a lp h a  c e l l s  a re
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in c o rp o ra te d  in to  th e  a lp h a  la y e r ,  th e  germ inal p o p u la tio n  becomes 

m i to t i c a l ly  q u ie sc e n t. D uring t h i s  p e r f e c t  r e s t i n g  c o n d itio n  (which 

i s  p ro longed  in  in fre q u e n t sh ed d ers) th e  ep id erm is  c o n s is ts  o f  one 

ep iderm al g e n e ra tio n .

As th e  renew al phase b e g in s , th e  ep id erm is  i s  r e a c t iv a te d  

and produces c e l l s  which w i l l  e v e n tu a lly  c o n s t i tu te  a new in n e r  e p i­

derm al g e n e ra tio n . The f i r s t  c e l l s  p roduced , which s y n th e s iz e  f e a ­

th e r  k e r a t in ,  form th e  new O berhautchen and b e ta  la y e r s  ( f ig u re s  2 

and 3 ). These c e l l s  synchronously  lo s e  t h e i r  n u c le i  and c e l l  mem­

b ran es  a few days b e fo re  shedding ( f ig u re  1+). U sually  a  day b e fo re  

shedding  th e  b e ta  la y e r  sh rin k s  and i t s  s ta in in g  c h a r a c t e r i s t i c s  

change. By t h i s  tim e th e  b e ta  la y e r  i s  s e p a ra te d  from th e  germ inal 

la y e r  by many l iv in g  c e l l  l a y e r s .  Most o f  th e s e  c e l l s  w i l l  c o n ta in  

a lp h a  k e r a t in  when th ey  c o rn ify  (b e fo re  o r  a f t e r  sh ed d in g ).

Shedding in v o lv es  th e  s e p a ra tio n  o f  an o u te r  m ature gen era ­

t i o n  from a p a r t i a l l y  m ature in n e r  g e n e ra tio n .

The shedding  cy c le  d e sc rib e d  above can be d iv id e d  in to  sev­

e r a l  s ta g e s ,  numbered 0 to  6 (M aderson, C hiu, and P h i l l i p s ,  1970b).

In  th e  p re s e n t s tudy  many o f  th e s e  s ta g e s  have been f u r th e r  su b d iv id ed  

in to  e a r ly ,  m id, and l a t e  c o n d it io n s , fo r  f in e r  r e s o lu t io n  in  a s s o c i­

a t io n  w ith  th e  p re s e n ta t io n  o f  p h y s io lo g ic a l d a ta  (see  f ig u r e s  15-29 , 

1+2, 1+3, U5-U7, and ^ 9 ).

In  snakes i t  has long  been known th a t  th e  te x tu r e  o f  th e  in ­

tegum ent, e s p e c ia l ly  over th e  ey e , undergoes c h a r a c t e r i s t i c  changes 

d u rin g  th e  shedding cy c le  (M aderson, 1965b ) .  A lthough th e  r e l a t i o n ­

sh ip  between g ro ss  changes in  th e  s p e c ta c le  and ep iderm al h is to lo g y  

i s  in e x a c t (C h iu , M aderson, and Z ucker, u n p u b lish ed  o b s e r v a t io n s ) ,
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F ig u re  1 . Photom icrograph th ro u g h  th e  o u te r  s c a le  su r fa c e  o f  

Gekko gecko sk in  j u s t  a f t e r  shedding ( th e  p o s t-sh e d  c o n d it io n ) .  BO -  

b e ta  l a y e r ,  AO -  a lp h a  la y e r ,  PAO -  presum ptive a lp h a  c e l l s ,  I  -  imma­

tu r e  c e l l s ,  SG -  s tra tu m  germ inativum , D -  derm is. The O berhautchen 

la y e r  on to p  o f  th e  b e ta  la y e r  i s  n o t d is c e r n ib le  a t  t h i s  r e s o lu t io n .  

The mesos la y e r  i s  a  ve ry  t h in  la y e r  which i s  u s u a lly  obscured  by th e  

a r t i f a c t u a l  s p l i t  betw een th e  a lp h a  and b e ta  la y e r s .  The a lp h a  la y e r  

i s  th in  b u t becomes th ic k e r  a s  more presum ptive a lp h a  c e l l s  m atu re .

(X Uoo).

Figiare 2 . Photom icrograph th ro u g h  th e  o u te r  s c a le  su rfa c e  o f 

Gekko gecko sk in  d u rin g  e a r ly  renew al (s ta g e  2 ) .  CLO -  c le a r  la y e r .

By t h i s  s ta g e  th e  a lp h a  la y e r  has a t ta in e d  maximal th ic k n e s s . For 

o th e r  symbols see f ig u r e  1 . (X 1+00).

F ig u re  3. Photom icrograph th rough  th e  o u te r  s c a le  su r fa c e  o f  

Gekko gecko sk in  d u rin g  mid renew al (mid s ta g e  1+). POBI -  presump­

t i v e  in n e r  O berhautchen , PBI -  p resum ptive  in n e r  b e ta  l a y e r .  The 

in n e r  b e ta  la y e r  i s  in  th e  m idst o f  k e r a t in iz a t io n .  For o th e r  sym­

b o ls  see  f ig u r e s  1 and 2. (X 1*00).

F ig u re  H. Photom icrograph th ro u g h  th e  o u te r  s c a le  su rfa c e  o f 

Gekko gecko two days p r io r  to  shedding  (s ta g e  5)* FMI -  p resum ptive  

mesos c e l l s ,  PAI -  presum ptive a lp h a  c e l l s .  S -  in d ic a te s  th e  p lan e  

where th e  s e p a ra t io n  o f  th e  o u te r  g e n e ra tio n  from th e  in n e r  g en era ­

t i o n  occu rs  d u rin g  shedding . The b e ta  la y e r  (PBI) i s  s t i l l  th ic k  

and ch rom oph ilic  a lth o u g h  alm ost a l l  t r a c e s  o f  i t s  n u c le i  have been

l o s t .  For o th e r  symbols see  f ig u r e s  1 -3 .
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such changes do in d ic a te  th e  g e n e ra l  ep id erm al c o n d i t io n . U su a lly , 

th e  s p e c ta c le  s t a r t s  to  become cloudy  d u rin g  e a r ly  renew al ( s ta g e  2 

t o  e a r ly  s ta g e  3 ) ,  becomes opaque a t  mid renew al ( l a t e  s ta g e  3 to  

e a r ly  s ta g e  U), and becomes c l e a r  d u rin g  l a t e  renew al ( l a t e  s ta g e  ^ 

t o  s ta g e  5 ) . S im ila r ,  b u t more s u b t l e ,  changes have been  n o tic e d  fo r  

s e v e ra l  l i z a r d s  (Z u ck e r, u n p u b lish ed  o b s e r v a t io n s ) .

SECTION I I .  CWL AND THE REPTILIAN INTEGUMENT

In  hyperosm otic  o r  d ry  en v iro n m en ts , th e  s k in  i s  an avenue o f  

w a te r l o s s ,  w h ile  in  hypoosm otic h a b i t a t s  i t  may be an avenue o f  wa­

t e r  u p tak e  (B e n tle y , 1971). S in ce  r e p t i l e s  la c k  cu taneous g lan d s 

over most o f  t h e i r  body s u r fa c e  ( t h a t  i s ,  mucous o r  sweat g la n d s ) ,  

th e  te rm s : cu taneous w a te r l o s s ,  tra n s e p id e rm a l w a te r l o s s ,  p e rcu ­

ta n eo u s  w a ter l o s s ,  cu taneous e v a p o ra tio n , cu taneous p e r s p i r a t io n ,  

and in s e n s ib le  cu taneous w a te r l o s s ,  a re  synonymous.

A. METHODS OF ANALYSIS -  COMPARTMENT STUDIES

In  two fu n d am en ta lly  d i f f e r e n t  approaches t o  th e  problem  o f  mea­

su r in g  CWL in  v iv o , th e  an im al i s  u s u a l ly  m a in ta in ed  in  a  t i g h t l y  

s e a le d  c o n ta in e r .  Some w orkers have s e a le d  th e  s u b j e c t 's  c lo a c a  

(B en tley  and S ch m id t-N ie lsen , 1966a ;  D m i'e l , 1972; P range and Schm idt- 

N ie ls e n , 1969) b u t R oberts  (1968 ) su g g e s ts  t h a t  i f  th e  an im al does 

n o t u r in a te  o r d e fe c a te  d u rin g  th e  e x p e rim en t, no s ig n i f i c a n t  lo s s  

o ccu rs  th ro u g h  t h i s  p a r t  o f  th e  body.

In  two compartment sy stem s, w a te r d e r iv e d  from  th e  head and th e  

body re g io n  a re  m easured s e p a r a te ly .  The two re g io n s  o f  th e  an im al
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may "be exposed t o  a  c u r re n t  o f  p re d r ie d  a i r ,  o r  m a in ta in ed  in  s ta g ­

n a n t a i r .  The d ry in g  te c h n iq u e  f o r  r e p t i l e s  u s u a l ly  in v o lv e s  p assag e  

o f  incom ing a i r  over D r i e r i t e  ( t r a d e  name f o r  ca lc ium  s u l f a t e )  o r 

ca lc iu m  c h lo r id e .  The amount o f  w a te r  d e r iv e d  from th e  body may be 

d e te rm in ed  g ra v im e tr ic a l ly  fo llo w in g  a b so rp tio n  over D r ie r i t e  o r  c a l ­

cium c h lo r id e ,  o r  th e  exh au st a i r ’ s  w a te r  vapo r may be m o n ito red  by 

an  in f r a r e d  a n a ly z e r  o r  a  s e n s i t iv e  hygrom eter. B e t t le y  and G rice

(1965 ) and Neuman e t  a l . (19^1) f e e l  t h a t  ca lc ium  c h lo r id e  a b so rp tio n  

i s  n o t adequate  f o r  e i t h e r  i n i t i a l  d ry in g  o r c a p tu re  o f  t r a n s e p id e r -  

mal w a te r . They f e e l  t h a t  more com plete d ry in g  can be o b ta in e d  by 

p a s s in g  a i r  th ro u g h  aluminum o r g la s s  tu b in g  immersed in  a  d ry  i c e -  

a lc o h o l  s o lu t io n  ( t h i s  causes w a te r  t o  condense in  th e  tu b in g ,  which 

can be w eighed). Craw ford and Kampe (1971) used  t h i s  te c h n iq u e  fo r  

a  l i z a r d .  However, d ry in g  a g en ts  a re  more co n v en ien t and th e y  le av e  

a  c o n s ta n t amount o f  m o is tu re  in  th e  e f f lu e n t  a i r .  S ince  most p r e v i­

ous work done w ith  r e p t i l e s  in v o lv ed  such d ry in g  a g e n ts ,  and s in c e  

th e  a b so lu te  r a t e  o f  CWL i s  n o t im p o r ta n t, t h e i r  u se  i s  p r e f e r r e d .  

A bsorben ts  g e n e r a l ly  f lu s h ,  t h a t  i s ,  lo s e  absorbed  w a te r ,  and u s in g  

h u m id ity  s e n so rs  c ircu m v en ts  t h i s  p roblem . LasiewBki e t  a l . ( 1966a) 

and L ic h t and B en n e tt (1972) in d ic a te  good agreem ent betw een m easure­

m ents made w ith  hygrom eters and a b s o rb e n ts . H a ttin g h  ( 1972c) se v e re ­

l y  c r i t i c i z e s  lo n g  term  s tu d ie s  u s in g  d eh y d ra ted  s k in ;  how ever, t h i s  

i s  th e  o n ly  way t o  g e t r e p e a ta b le  r e s u l t s  o f  w a te r l o s t  th ro u g h  th e  

s k in .

I f  th e  an im al i s  p la c e d  in to  a  s in g le  c o n ta in e r  (one com part­

ment sy s te m ), i t  i s  u s u a l ly  exposed t o  a  c u r re n t  o f  p re d r ie d  a i r .

In  such  system s th e  t o t a l  w eigh t l o s t  by th e  an im al i s  due t o  th r e e
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com ponents: m e ta b o lic , r e s p i r a to r y ,  and cu tan eo u s . The f i r s t  r e f e r s

t o  th e  lo s s  o f  m e tab o lic  carbon b ro u g h t abou t by oxygen-carbon d io x id e  

exchange in  th e  lu n g s . F a s tin g  squam ates a t  r e s t  have r e s p i r a to r y  

q u o t ie n ts  (RQ, volume o f  carbon d io x id e  produced d iv id e d  by th e  volume 

o f  oxygen consumed) o f  about 0 .7  { B en ed ic t, 1932; C lau ssen , 1967; Ro­

b e r t s ,  1968) ,  which means t h a t  m e tab o lic  w eigh t lo s s  w i l l  u s u a l ly  on ly  

accoun t f o r  app ro x im ate ly  5# o f  th e  t o t a l  w eigh t lo s s  (C la u sse n ,

1967)* T h e re fo re , t h i s  avenue o f  w eigh t lo s s  i s  o f te n  c o n s id e re d  ne­

g l i g i b l e  (C lau ssen , 1967; L asiew ski e t  a l . ,  1966b ; M innich , 1970; Mun- 

s e y , 1972; R o b e r ts , 1968) .  The rem ain ing  w eigh t lo s s  i s  c a l l e d  eva­

p o ra t iv e  w a te r lo s s  (EWL). R e sp ira to ry  w a te r  lo s s  r e f e r s  to  th e  w a ter 

l o s t  as  a  r e s u l t  o f  ex h a lin g  a i r  which has become s a tu r a te d  in  th e  

lu n g s  and r e s p i r a to r y  p a ssa g e s . The m agnitude o f  t h i s  component can 

be e s tim a te d  by d e te rm in in g  pulm onary m inute volum e, v e n t i l a t i o n  r a t e ,  

n a s a l  and am bient tem p e ra tu re  and am bient h u m id ity . However, i t  i s  

u s u a l ly  e s tim a te d  by m easuring  oxygen consum ption , s in c e  in  th e  sy s­

tem o u t l in e d ,  am bient te m p e ra tu re  and body te m p e ra tu re  a re  e q u a l ,  and 

am bient h u m id ity  o f  th e  p re d r ie d  a i r  i s  a lm ost ze ro  (B en tley  and 

S ch m id t-N ie lsen , 1966a ) .  D m i'e l (1972) and K rakauer (1970) showed 

t h a t  e x t r a p o la t io n s  b ased  on oxygen consum ption may be e rro n e o u s . 

L a b ia l  and l in g u a l  w a te r lo s s  can make up a  la rg e  p e rc e n ta g e  o f  th e  

t o t a l  w a te r l o s s ,  and Cloudsley-Thompson (1971, P« 70) c i t e s  R e ich - 

l i n g ' s  f in d in g  t h a t  20# o f  EWL in  L a c e r ta  a g i l i s  ( a t  3°C) was from 

i t s  e y es . However, th e s e  ro u te s  o f  w a te r lo s s  ( l a b i a l ,  l i n g u a l ,  and 

o c u la r )  have n o t been ta k en  in to  c o n s id e ra t io n  in  d e te rm in in g  CWL in  

one compartment sy stem s. Thus, one compartment system s may o v e re s ­

t im a te  CWL, w h ile  two compartment system s would o v e re s tim a te  pulm o-
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n a ry  w a te r l o s s .  Once m e ta b o lic  and r e s p i r a to r y  w a te r lo s s  a re  ac­

co un ted  fo r  in  one compartment sy stem s, CWL can be d e r iv e d  s in c e  i t  

makes up th e  rem ainder o f  th e  t o t a l  w eigh t l o s s .  S in g le  compartment 

system s m ight seem p r e f e r a b le  in  t h a t  th e y  p u t l e s s  s t r a i n  on th e  

an im a l; how ever, Bradshaw (1970) found s im ila r  r e s u l t s  f o r  one and 

two compartment system s.

B. METHODS OF ANALYSIS -  OTHER TECHNIQUES

Gans e t  a l . (1968) and K rakauer (1970) m easured CWL in  L. d o l i -  

a t a  and a  M atrix  s p e c ie s ,  r e s p e c t iv e ly ,  w ith  a  d i f f e r e n t  in  v ivo  sy s ­

tem . The snakes were in je c te d  w ith  t r i t i a t e d  w ater and th e n  p la c e d  in  

a  w a t e r - f i l l e d  tu b e  which reach ed  from th e  mouth to  th e  c lo a c a . W ater 

f lu x  was de term in ed  by s c i n t i l l a t i o n  co u n tin g  th e  su rro u n d in g  w ater 

and th e  p lasm a. However, in  th e s e  c a se s  th e y  were p ro b ab ly  m easuring  

w a te r exchange w ith  k e r a t in  r a th e r  th a n  tra n s -c u ta n e o u s  w a te r lo s s .

There have been on ly  a  few a tte m p ts  to  m easure squam ate sk in  

p e rm e a b il i ty  in  v i t r o  (G eorge, 19^7; P e t tu s ,  1958; T e rc a f s ,  19^3; 

T e rc a fs  and S c h o f f e n ie ls , 1965)* In  such s tu d ie s  a p ie c e  o f  sk in  

s e p a ra te s  two com partm ents d i f f e r in g  in  o sm o la r ity  o r  w a te r vapor 

p re s s u re .  P e rm e a b ili ty  can be m easured by a  change in  f l u i d  volume 

(osm om eter), s o lu te  c o n c e n tra t io n , w ater vapor p r e s s u r e ,  o r  concen­

t r a t i o n  o f  t r i t i a t e d  w a te r .

C. THE PROBLEM OF SURFACE AREA

At b e s t ,  in  v iv o  te c h n iq u e s  m easure t o t a l  CWL, w hich sh o u ld  be 

p r o p o r t io n a l  to  s u r fa c e  a re a  (SA). Most in v e s t ig a to r s  r e l y  on a  

r e l a t i o n s h ip  betw een su r fa c e  a re a  and body w eigh t (W): fo r  exam ple,
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SA = kW2/ 3 o r  SA = kW0,67  o r  lo g  5A = lo g  k  + 0 .67  lo g  W (where k i s  a  

c o n s ta n t ) .  T h is fo rm ula  a ls o  r e p r e s e n ts  th e  s u r fa c e  t o  volume o r  

w eigh t r e l a t io n s h ip  o f  many r e g u la r  geo m etric  o b je c t s ;  f o r  a  sp h e re  

( th e  geo m etric  o b je c t  w ith  th e  lo w est s u r fa c e  to  volume r a t i o )  k  = 

1+.83, and f o r  a  cube k  = 6 . For most a n im a ls , from u n ic e l lu l a r  to  

m u l t i c e l l u l a r  hom eotherm s, k  i s  betw een 9 and 11 *8 , o r  about tw ice  

th e  v a lu e  o f  k f o r  a  sp h ere  (Hemmingsen, i 960 ) .

C u r re n tly , s e v e ra l  d i f f e r e n t  e q u a tio n s  a re  u sed  f o r  r e p t i l e s .  

Hemmingsen ( i 960) say s  t h a t  a lth o u g h  k in  g e n e ra l  i s  tw ice  t h a t  o f  a  

sp h e re , th e re  a re  body ty p e s  t h a t  a re  e x c e p tio n s  t o  th e  r u l e .  Thus, 

f o r  s e r p e n t in e  form s (A sc a r is  s p p . ;  sn a k e s , based  on B e n e d ic t, 1932) 

k i s  th r e e  tim e s  t h a t  o f  a  sp h ere  o r  SA = 12.5W0 ,6 7 . B en ed ic t (1932) 

a r r iv e d  a t  t h i s  fo rm u la  by assum ing th e  exponent i s  eq u a l to  0 .6 7 , 

and th e n  found th e  average  k f o r  snakes w ith  a  w eigh t range  o f  3 .5 -

1 2 .2  kg . Hemmingsen ( i 960) in c lu d e s  a  32 kg snake w hich B ened ic t 

(1932) r e j e c t e d .  D m i'e l (1972) a ls o  u sed  th e  fo rm ula  SA = 1 2 .5W0-67 

fo r  h e r  snakes (body w eight range  O.1J+-O.58  k g ) .  Gans e t  a l .  (1968) 

computed th e  s u r fa c e  a re a  o f  21 E laphe c lim aco p h o ra , ran g in g  in  w eigh t 

from  8-600 gms. T h e ir  method f o r  d e te rm in in g  s u r fa c e  a re a  was to  

m u lt ip ly  th e  s n a k e 's  c ircu m fe ren ce  a n t e r io r  t o  th e  midbody by i t s  

t o t a l  le n g th ;  t h a t  i s ,  SA = CL (where C i s  c ircu m fe ren ce  and L i s  

l e n g t h ) , which i s  th e  fo rm ula  f o r  d e te rm in in g  th e  s u r fa c e  a re a  o f  

c y l in d e r s .  S ince  a  snake i s  n o t a  c y l in d e r ,  t h e i r  r e g re s s io n  equa­

t i o n ,  SA = 25-05W0*63, has a  c o n s ta n t ap p ro x im a te ly  double t h a t  used  

by B en ed ic t (1932) and o th e r s .  However, Gans e t  a l . (1968) a t t r i b u t e  

th e  d if f e r e n c e  to  B e n e d ic t’ s (1932) u se  o f  h eavy -bod ied  sn ak es .

E l ic k  and S e la n d e r (1972) d e te rm in ed  th e  s u r fa c e  a re a  o f  sm all snakes
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( averag e  w eigh t f o r  a l l  th r e e  s p e c ie s  was helow  6 gms) hy sk in n in g  

th e  an im a ls . The re g re s s io n  e q u a tio n s  f o r  t h e i r  th r e e  sp e c ie s  a r e :

SA = 12.UW°’ 7t\  SA = 9 . 8W0*7 6 , and SA = 10.5W0*76. B en ed ic t (1932) 

a ls o  a tte m p ted  to  determ ine  th e  su r fa c e  a re a  o f  snakes by sk in n in g , 

b u t he f e l t  t h a t  t h i s  r e s u l t s  in  c o n s id e ra b le  s t r e tc h in g  o f  th e  in ­

tegum ent in  a l l  d i r e c t io n s .

The su r fa c e  a re a  w eigh t r e l a t io n s h ip  u sed  most o f te n  f o r  o th e r  

r e p t i l e s  i s :  SA = 10W0*67 (B e n e d ic t, 1932; B en tley  and S chm id t-N ie l­

s e n , I9 6 6 ab ). T e rc a fs  and S c h o ffe n ie ls  (1965) used  th e  e q u a tio n  SA 

= 8W2/ 3 , b u t t h e i r  so u rce  f o r  t h i s  e q u a tio n  was a  s tu d y  on anurans 

and th u s  seems in a p p ro p r ia te .  N o rr is  (1967) f e e l s  t h a t  th e  fo rm ula 

SA = 10W0,67 i s  n o t adequate  f o r  l i z a r d s  and he a ls o  f e e l s  th a t  

s t r e tc h in g  i s  l e s s  o f  a  problem  w ith  l i z a r d s  th a n  w ith  sn ak es . He 

de term in ed  th e  su r fa c e  a re a  f o r  d i f f e r e n t  s p e c ie s  o f  l i z a r d s  by s k in ­

n in g , b u t he d id  n o t compute a  r e g re s s io n  e q u a tio n  from h is  d a ta  fo r  

l i z a r d s  as a w hole. I  computed a  l e a s t  sq u a res  re g re s s io n  from h is  

d a ta  (h is  t a b l e  U). The r e s u l t i n g  e q u a tio n , SA = 1 0 .6W0*69, i s  n o t 

s i g n i f i c a n t l y  d i f f e r e n t  from  th e  accep ted  e q u a tio n . C laussen  ( 1967 ) 

m easured th e  s u r fa c e  a re a  o f  5 U ta s ta n s b u r ia n a  and 6 A no lis  c a r o l i -  

n e n s is  by sk in n in g . He a r r iv e d  a t  th e  e q u a tio n s : SA = l6W0,1+7 and

SA = 11W0,03 f o r  U ta and A n o lis , r e s p e c t iv e ly .  He does n o t say  how 

he a r r iv e d  a t  th e s e  e q u a tio n s  n o r i f  th e y  a re  s ig n i f i c a n t l y  d i f f e r e n t  

from th e  accep ted  e q u a tio n . B a r t l e t t  and G ates ( 1967) m easured th e  

s u r fa c e  a re a  o f  one 1 8 .U gm l i z a r d  by making a  s i l v e r  c a s t  o f  i t s  

body and m easuring  some e l e c t r i c a l  p r o p e r t ie s  o f  th e  c a s t .  They de­

te rm in e d  t h i s  a n im a l 's  su r fa c e  a re a  to  be 75-8 cm2 o r  about 10# 

g r e a te r  th a n  would be e s tim a te d  w ith  SA = 10W°*67 (b u t see  b e lo w ).
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W ith t u r t l e s  th e  r e l a t io n s h ip  i s  even more com plex. B ened ic t 

(1932 ) adm its  t h a t  he i s  n o t su re  i f  th e  p la s t r o n  and ca rap ace  w eigh t 

o r  s u r fa c e  a re a  shou ld  he in c lu d e d  f o r  p h y s io lo g ic a l  re a s o n s . H u rl-  

b e r t  (1966 ) a g re e s ,  h u t B en tley  and S ch m id t-N ie lsen  (l9 66ab ) f e e l  

th e r e  i s  l i t t l e  a l t e r n a t iv e  b u t t o  in c lu d e  b o th  in  d e te rm in in g  th e  

s u r fa c e  t o  w eigh t r e l a t i o n s h ip .  B en ed ic t (1932) u sed  1 2 .6  a s  th e  

v a lu e  o f  k f o r  th e  a l l i g a t o r .  The a l l i g a t o r  seems more heavy-bod ied  

th a n  most l i z a r d s  and th e r e f o r e  sh o u ld , in  com parison , have a  s m a lle r  

c o n s ta n t .  In  f a c t ,  S p o t i la  e t  a l . (1972) a s s ig n  k a  v a lu e  o f  10 , 

how ever, th e y  in c o r r e c t ly  c i t e  B ened ic t as  u s in g  such a  v a lu e . B ent­

le y  and S chm id t-N ie lsen  (1966b) and S ch m id t-N ie lsen  (1973, p . 91) 

f e e l  t h a t  an accu racy  o f  g r e a te r  th a n  10-2055 cannot be ach iev ed  in  

m easuring  s u r fa c e  a re a .

Both sk in n in g  and th e  s i l v e r c a s t  te c h n iq u e  o n ly  g iv e  th e  exposed 

s u r fa c e  a re a .  However, up to  50$ o f  th e  s u r fa c e  a re a  o f  a  s c a le d  

v e r te b r a te  may l i e  in  th e  in n e r  s c a le  s u r fa c e  and h inge  re g io n , which 

i s  no t exposed to  th e  s u r f a c e .  S ince  s e v e ra l  a u th o rs  (C lau ssen ,

1967 ; Gans e t  a l . s 1968) have d is c u s se d  th e  p o s s i b i l i t y  t h a t  th e  in ­

n e r  s c a le  s u r fa c e -h in g e  re g io n  may be e s p e c ia l ly  perm eable t o  w a te r , 

th e  s u r fa c e  a re a  o f  th e s e  re g io n s  sh o u ld  c e r t a in l y  be c o n s id e re d  when 

p re s e n t in g  d a ta  in  te rm s o f  w a ter lo s s  p e r  u n i t  body a re a .  B a r t l e t t  

( c i t e d  in  N o r r i s ,  1967) found t h a t  as  f a r  a s  h e a t  t r a n s f e r  i s  con­

c e rn e d , e f f e c t iv e  su rfa c e  a re a  was o n ly  89$ t o t a l  s u r fa c e  a re a  (v e ry  

c lo s e  to  t h a t  p r e d ic te d  by SA = IOW0*57) .  Many r e p t i l e s  have mem­

branous a re a s  ( f o r  exam ple, th e  g u la r  fa n  o f  ig u a n id s  and th e  webbed' 

f e e t  o f  many a q u a tic  fo rm s). Dawson and H u lb e rt (1970) found in  

m a rsu p ia ls  t h a t  such a re a s  may g iv e  a  m is le ad in g  t o t a l  s u r fa c e  a re a
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f o r  e x p re ss in g  p h y s io lo g ic a l  p a ra m e te rs . U n like  mammalian s k in ,  o r  

even th a t  o f  most o th e r  s c a le d  v e r te b r a te s  ( f o r  an e x ce p tio n  see  F i -  

s h e ls o n , 1973) ,  th e  le p id o s a u r ia n  in tegum ent i s  covered  w ith  k e r a t i -  

naceous p r o je c t io n s ,  th e  O berhautchen s p in u le s  (M aderson, 1965a; Ma­

d e rso n  and L ic h t ,  1967; M aderson, Mayhew, and S p rague , 1970; R u ib a l, 

1968 ; S tew art and D a n ie l, 1972, 1973). Should t h e i r  s u r fa c e  a re a  be 

in c lu d e d  when w a te r lo s s  d a ta  a re  p re se n te d ?  K le ib e r  ( 1961 , p . 185) 

a sk s  what shou ld  be m easured in  d e te rm in in g  s u r fa c e  a r e a ,  b u t re a c h e s  

no c o n c lu s io n .

F in a l ly ,  th e s e  r e g re s s io n  e q u a tio n s  sim ply  d e s c r ib e  a  r e l a t i o n ­

s h ip  betw een two p a ram e te rs  a s  lo n g  as  th e  r e l a t io n s h ip  does n o t 

change ( f o r  exam ple, th e  r e la t io n s h ip  betw een s u r fa c e  a re a  and volume 

in  a  s e r i e s  o f  s p h e re s ) .  But i f  th e r e  i s  a  n o n - l in e a r  r e l a t io n s h ip  

betw een two p a ram e te rs  (u s in g  o u r exam ple, a s  th e  o b je c t  becomes 

l a r g e r  -  i t  becomes o vo id ) a  sim p le  r e g re s s io n  i s  in a p p ro p r ia te .

D. RESULTS OF MEASUREMENTS OF REPTILE CWL

1 . In  V itro  and A sso c ia te d  T echniques

T e rc a fs  and S c h o f fe n ie ls  (1965 ) and Gans et_ a l . ( 1968 ) 

showed t h a t  h y d ra te d  squam ate s k in  i s  more perm eable  th a n  d eh y d ra ted  

s k in . S ince  th e  sk in  o f  t e r r e s t r i a l  squam ates i s  r e l a t i v e l y  dehy­

d ra te d  (K h a li l  and A bdel-M esseih , 195^, 1959ab, 1961 , 1 9 6 2 ), CWL i s  

m inim ized . A lthough agamid sk in  i s  v e ry  im perm eable when d eh y d ra ted  

( f o r  exam ple, compared to  sk in k s  and geck o s; Dawson et_ a l . , 1966 ) ,  

i t  becomes d is p r o p o r t io n a te ly  perm eable when h y d ra te d  (T e rc a fs  and 

S c h o f f e n ie ls ,  1965 ) .  In  f a c t ,  T e rc a fs  (1963 ) found t h a t  in  v i t r o , 

th e  sk in  o f  Uromastyx a t  200 mosmole c o n c e n tra t io n  d i f f e r e n c e  i s  a s
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perm eable as am phibian sk in  and responds to  ADH as  does am phibian 

s k in .

S e v e ra l s tu d ie s  have t e s t e d  th e  b id i r e c t i o n a l  p e rm e a b il i ty  

o f  th e  squam ate in teg u m en t, and w hether i t  has th e  a b i l i t y  t o  change 

i t s  p e rm e a b il i ty  in  some c irc u m stan c es . George (19^7) and Dunson and 

R obinson (1976) found t h a t  squam ate s k in  i s  r e c t i f i e d ,  in  t h a t  under 

th e  same c o n d itio n s  w a ter le a v e s  th e  in tegum ent {exoosm osis) ,  more 

e a s i ly  th a n  i t  e n te r s  (en d o o sm o sis). T e rc a fs  and S c h o ffe n ie ls  (1965) 

a ls o  d em o n stra ted  t h a t  l i z a r d  sk in  i s  r e c t i f i e d ,  b u t in  th e  o p p o s ite  

d i r e c t io n .  K rakauer ( 1970 ) showed th a t  N a tr ix  sk in  i s  s l i g h t l y  l e s s  

perm eable in  seaw ater th a n  in  f r e s h  w a te r . P e t tu s  (1958) was unab le  

to  f in d  any osm otic movement a c ro ss  th e  sk in  in  two sp e c ie s  o f  M a tr ix .

2 . Chamber Technique

Chew (1961) and Chew and Damman ( 1961 ) m easured CWL in  v a r i ­

ous squam ates. They found th a t  squam ates e x h ib i t  low er CWL a t  any 

g iv en  am bient tem p e ra tu re  th a n  mammals. A lthough Chew ( 1961) con­

c lu d ed  th a t  squam ate sk in  i s  n e a r ly  w a te rp ro o f , su b se q u e n tly  i t  has 

been  shown th a t  CWL u s u a l ly  acco u n ts  f o r  more th a n  50% o f  th e  t o t a l  

EWL (B en tley  and S chm id t-M ielsen , 1966a ) .  T hus, a lth o u g h  a b s o lu te ly  

s m a ll ,  CWL would seem to  be o f  g re a t  r e l a t i v e  im portance  to  th e  wa­

t e r  economy o f  squam ates.

S tu d ie s  on t o t a l  w a ter lo s s  in  r e p t i l e s  have shown t h a t ,  

f o r  th e  m ost p a r t ,  EWL i s  in v e r s e ly  r e l a t e d  t o  th e  a r i d i t y  o f  th e  

a n im a l 's  n a tu r a l  h a b i ta t  and shows l i t t l e  p h y lo g e n e tic  c o r r e l a t io n .  

Thus, a t  a  g iven  te m e p ra tu re  and h u m id ity , B en tley  and Schm idt-M iel­

sen  ( 1965 , 1966a ) ,  B ogert and Cowles (1 9 ^ 7 ) , Cloudsley-Thom pson 

( 1967 , 1969 ) ,  and D iefenbach  (1973) found th a t  c ro c o d i l ia n s  have
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v e ry  h ig h  r a t e s  o f  w a te r l o s s .  A quatic  t u r t l e s  ( e s p e c ia l ly  s o f t -  

s h e l l s ;  B en tley  and S ch m id t-N ie lsen , 1966a ,  1970; B ogert and Cow les, 

19U7) and am phisbaenians (B ogert and Cowles, 19^7; K rakauer e t  a l . ,

1968 ) a l s o  have h ig h  r a t e s  o f  EWL. D esert t o r t o i s e s  (B en tley  and 

S ch m id t-N ie lsen , 1966a) have low er r a t e s  o f  EWL th a n  sem iaq u a tic  

t u r t l e s .  Mesic squam ates have h ig h e r  r a t e s  o f  EWL th a n  most x e r ic  

forms (B en tley  and S ch m id t-N ie lsen , 1966a ;  B ogert and Cow les, 19^7; 

C lau ssen , 1967 ; C loudsley-Thom pson, 1965; Dawson e t  a l . ,  1966 ;

D m i'e l , 1972; E l ic k  and S e la n d e r , 1972; Gans e t  a l . ,  1968 ; K rakauer, 

1970; Munsey, 1972; P range and S ch m id t-N ie lsen , 1969; R o b e r ts , 1968 ; 

Sexton  and H eatw ole , 1968; W arburg, 1966) .

T here a r e  s e v e ra l  c o n d itio n s  in  in  v iv o  system s which may 

m odify ex p e rim en ta l r e s u l t s :  l )  a i r  h u m id ity  o r ,  more c o r r e c t ly ,

w a te r vapor p re s s u re ;  2 ) a i r  flow  r a t e ;  3 ) a i r  te m p e ra tu re ; and 

a c t i v i t y  o f  th e  s u b je c t .

a . The e f f e c t  o f  hum id ity

S ch m id t-N ie lsen  (1969 , P* 290) s t a t e s  t h a t  "cu taneous 

e v a p o ra tio n  can be ex p ec ted  t o  in c re a s e  in  r e l a t i o n  t o  th e  in c re a s in g  

w a te r  s a tu r a t i o n  d e f i c i t " .  K rakauer (p e rso n a l com m unication) a ls o  

b e l ie v e s  th e  d ry in g  power o f  th e  a i r  t o  be  th e  im p o rtan t f a c to r .

From F ic k ’ s Law (s e e  d is c u s s io n ,  pp . 1 9 7 -1 9 8 ), i t  i s  obv ious t h a t  th e  

c o n c e n tra t io n  d i f f e r e n c e  ( t h a t  i s ,  am bient w a te r vapo r p re s s u re  minus 

membrane w a te r vapor p re s s u re )  i s  im p o rta n t. In  r e p t i l e s ,  u n lik e  

mammals, th e  te m p e ra tu re  o f  th e  sk in  in  th e  m easuring  system  u s u a l ly  

c lo s e ly  approx im ates am b ien t, so t h a t  th e  s a tu r a t io n  d e f i c i t  i s  eq u al 

to  th e  c o n c e n tra t io n  d i f f e r e n c e .

B ened ic t (1932) m easured in s e n s ib le  w eigh t lo s s  o f  se v -
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e r a l  "boas a t  v a r io u s  h ig h  v e n t i l a t i o n  r a t e s  ( 2 . 5- 8*0 l i t e r s / m i n u t e ) .  

A ir was p re d r ie d  hy p assag e  th ro u g h  B u lfu ric  a c id .  B en ed ic t f e e l s  

th a t  th e  h ig h e r  th e  v e n t i l a t i o n  r a t e  th e  low er th e  h u m id ity  around 

th e  an im a l, because  th e  a i r  c u r r e n t  w i l l  wash away e v ap o ra te d  w a te r 

from  th e  an im a l. He conclu d es  t h a t  am bient h u m id ity  has no e f f e c t  on 

t o t a l  w a te r l o s s .  However, a t  h ig h  v e n t i l a t i o n  r a t e s ,  th e  a i r  e x i t ­

in g  from th e  d ry in g  ag en t i s  n o t as d ry  as  when i t  goes th ro u g h  i t  

s lo w ly . In  a d d i t io n ,  th e  s lo w es t a i r  flow  r a t e  he u sed  i s  an o rd e r  

o f  m agnitude g r e a te r  th a n  th a t  u sed  c u r r e n t ly  and h i s  v e n t i l a t i o n  

r a t e s  have on ly  m arg in a l p h y s io lo g ic a l  re le v a n c e . M innich (1970) 

found t h a t  in  l i z a r d s  t o t a l  w a te r lo s s  i s  in v e r s e ly  p ro p o r t io n a l  to  

am bient h u m id ity , and Warburg (1965> 1966) found t h a t  l i z a r d s  lo s e  

w a te r more r a p id ly  in  d ry  a i r  th a n  humid a i r .  B ogert and Cowles 

(l9*+7) and D iefenbach  (197*0 found t h i s  to  be t r u e  f o r  c r o c o d i l ia n s .  

Snyder (1971) found t h a t  t o t a l  w a ter lo s s  in c re a s e d  w ith  an in c re a s e  

in  te m p e ra tu re . However, when am bient w a te r vapor p re s s u re  was h e ld  

c o n s ta n t ,  an in c re a s e  in  te m p e ra tu re  from 27-36°C had l i t t l e  e f f e c t .  

T h is  in d ic a te s  t h a t  n o rm a lly  i t  i s  th e  in c re a s e d  s a tu r a t i o n  d e f i c i t  

w hich accom panies th e  in c re a s e d  te m p e ra tu re  t h a t  cau ses  th e  observed  

h ig h e r  r a t e s  o f  w a te r l o s s .  T h is has been confirm ed  by K rakauer 

(1 9 7 0 ), b u t c o n f l i c t s  w ith  Warburg (1966 ) .

b . The e f f e c t  o f  co n v ec tio n

B en ed ic t (1932 , p . 121) found t h a t  th e  a i r  flow  r a t e  d id  

n o t have any e f f e c t  on t o t a l  w a te r l o s s .  However, B en ed ic t (1932 , pp . 

12^ -126 ) a ls o  re p o r te d  th a t  in c re a s e d  v e n t i l a t i o n  caused  in c re a s e d  

w a te r lo s s  (from  1+ to  5-2h and from 7*3 to  8.1+3 gm /kg/day , in  two 

sn a k e s ) . C lau ssen  (1967) found t h a t  in c re a s e d  a i r  flow  (c o n v e c tio n )
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d id  n o t in c re a s e  t o t a l  EWL o f  U ta "but d id  t h a t  o f  A n o lis . However, 

C lau ssen  co u ld  n o t f in d  any p a t t e r n  a s  to  w hich component o f  t o t a l  

EWL was more dependent on co n v ec tio n  r a t e .  T reg a r (se e  d is c u s s io n  in  

Johnson and S h u s te r ,  1969) has argued  th a t  l i n e a r  v e lo c i ty  may be more 

im p o rtan t th a n  a c tu a l  flow . C laussen  ( 1967) c o n s id e re d  t h i s  p o s s i b i l ­

i t y ,  b u t h is  d a ta  d id  n o t a llo w  c o n firm a tio n  o f  t h i s  p o in t .  Gans e t  

a l . ( 1968 ) found no c o r r e l a t io n  betw een t o t a l  EWL and co n v ec tio n  r a t e  

in  a v a r i e ty  o f  sn ak es . They su g g es ted  t h a t  even i f  CWL i s  l im i te d  

by e v a p o ra tio n , a  g e n e ra l  in c re a s e  in  a i r  flow  may n o t in c re a s e  a i r  

flow  where most cu taneous e v a p o ra tio n  o c c u rs , p resum ably  th e  h in g e  r e ­

g io n  (b u t s e e : L ic h t and B e n n e tt, 1972; and B en n e tt and L ic h t ,  1975).

Crawford and Kampe (1971, p . 1257) s t a t e  t h a t  in c re a s e d  a i r  flow  " r e ­

duces th e  boundary  la y e r  su rro u n d in g  th e  a n im a l, th u s  p ro v id in g  g r e a t ­

e r  o p p o r tu n ity  fo r  e v a p o ra tio n  a t  h ig h e r  te m p e ra tu re s " . They do n o t 

g iv e  t h e i r  a i r  flow  r a t e  nor any d a ta  r e l a t i n g  t o  co n v ec tio n  r a t e s .  

Cohen (1975) p ro v id ed  ev idence  t h a t  CWL in c re a s e s  w ith  flow  r a t e ,  b u t 

th e  r e l a t io n s h ip  was n o t l i n e a r .  In  c a se s  where e v a p o ra tio n  i s  n o t 

l im i t i n g ,  i t  would seem th a t  a i r  flow  r a t e  sh o u ld  have l i t t l e  e f f e c t  

o th e r  th a n  v ia  changing  am bient h u m id ity ,

c .  The e f f e c t  o f  te m p e ra tu re

An in c re a s e  in  te m p e ra tu re  w i l l  b o th  in c re a s e  th e  m eta­

b o l ic  r a t e  o f  an e c to th e rm , and in c re a s e  th e  s a tu r a t io n  d e f i c i t  o f  

th e  a i r .  In c re a se d  m etabolism  cau ses  g r e a te r  pulm onary exchange.

T hus, in c re a s e d  te m p e ra tu re  w i l l  g r e a t ly  in c re a s e  r e s p i r a to r y  w a te r 

l o s s ,  b ecause  th e  an im al w i l l  be b re a th in g  more f r e q u e n t ly  and th e  

d i f f e r e n c e  betw een th e  w a ter vapor p re s s u re  o f  in h a le n t  and ex h a le n t 

a i r  i s  in c re a s e d . O fte n , a t  h ig h e r  te m p e ra tu re s , a  v e ry  d ram a tic  in ­
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c re a s e  in  EWL i s  fo u n d , which r e p r e s e n ts  e i t h e r  s a l i v a t io n  o r  p a n tin g  

(C raw ford and Kampe, 1971* M orgareidge and Hammel, 1975). CWL i s  

u s u a l ly  found t o  in c re a s e  w ith  in c re a s e d  te m p e ra tu re , h u t n o t t o  th e  

same e x te n t  a s  th e  r e s p i r a to r y  component (B en tley  and S ch m id t-N ie lsen , 

1966a; Crawford and Kampe, 1971; S n y d er, 1971). However, Warburg

(1966 ) found t h a t  in c re a s e d  te m p e ra tu re  in c re a s e d  t o t a l  w a te r  l o s s .

He say s  t h a t  te m p e ra tu re  may have a  g r e a te r  e f f e c t  on r e s p i r a to r y  

w a te r  l o s s ,  w h ile  hum id ity  would have a  g r e a te r  e f f e c t  on CWL. He 

o f f e r e d  no su p p o rt f o r  t h i s  s ta tem e n t s in c e  he d id  n o t com partm ental­

i z e  w a te r l o s s .  Cohen (1975) found a  la rg e  in c re a s e  in  EWL betw een 

30 and U0°C, which co u ld  be e x p la in e d  on th e  b a s i s  o f  a  change in  th e  

a i r ' s  s a tu r a t io n  d e f i c i t ,  b u t t h i s  cou ld  n o t e x p la in  why th e r e  was on­

ly  a  sm a ll in c re a s e  in  EWL betw een 20 and 30°C. I t  seems l i k e l y  t h a t  

a t  U0°C he s t im u la te d  some p a n tin g  (C raw ford and Kampe, 19 7 1 ), so th a t  

te m p e ra tu re  d id  n o t have a  l i n e a r  e f f e c t .  Snyder (1971) f e e l s  t h a t  

th e  change in  s a tu r a t io n  d e f i c i t  i s  more im p o rtan t th a n  th e  d i r e c t  

th e rm a l e f f e c t .  K rakauer (1970) a ls o  found no r e la t io n s h ip  betw een 

CWL and te m p e ra tu re  i f  d i f f e r e n c e s  in  th e  s a tu r a t io n  d e f i c i t  a t  th e  

d i f f e r e n t  te m p e ra tu re s  a re  acco u n ted  f o r .  Dawson e t. a l . (1966) f e e l  

t h a t  th e  in c re a s e d  s a tu r a t io n  d e f i c i t ,  b ro u g h t about by th e  in c re a s e d  

te m p e ra tu re , sho u ld  o n ly  a f f e c t  CWL, i f  CWL i s  l im i te d  by e v a p o ra tio n , 

fo r  exam ple, in  a sk in k  (Sphenomorphus l a b i l l a r d i e r i ) . However, th e y  

f e e l  t h a t  a change in  s a tu r a t io n  d e f i c i t  sh o u ld  n o t a f f e c t  CWL i f  

CWL i s  l im i te d  by d i f f u s io n ,  f o r  exam ple, in  a  d e s e r t  gecko ( Gehyra 

v a r ie g a ta )  and an agamid (Am phibolorus o r n a tu s ) . K rakauer (1970) con­

c u rs  w ith  t h i s  v ie w p o in t. However, th e s e  c o n c lu s io n s  a re  in c o r r e c t ,  

s in c e  an in c re a s e  in  te m p e ra tu re  w i l l  g iv e  more w a te r m o lecu les
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enough energy  t o  overcome th e  a c t i v a t io n  energy  f o r  s k in  d i f f u s io n  

( id s o n , 1973; S c h e u p le in , 1972)* Of c o u rs e , i t  i s  p o s s ib le  t h a t  th e  

in tegum en ts  o f  G. v a r ie g a ta  and A. o rn a tu s  w ere so im perm eable, and 

th e  m easuring  system  used  by Dawson e t  a l .  (1966) so r e l a t i v e l y  i n ­

s e n s i t i v e ,  t h a t  even an in c re a s e  in  th e  energy  o f  th e  system  would 

n o t le a d  to  d e te c ta b le  changes in  CWL. An in c re a s e  in  te m p e ra tu re  

has been  found to  in c re a s e  CWL in  Saurom alus obesus (Craw ford and 

Kampe, 1971) and in  s e v e ra l  snakes (D m i'e l, 1 9 7 2 ). U sing t r i t i a t e d  

w a te r  Gans e t _ a l . (1968) found t h a t  in c re a s e d  te m p e ra tu re s  caused  

g r e a te r  amounts o f  l a b e l l e d  w a te r t o  be l o s t  to  th e  ex te rn a l, s o lu t io n ,  

a g a in  in d ic a t in g  t h a t  th e  sk in  i t s e l f  i s  more perm eable  a t  h ig h e r  

te m p e ra tu re s . However, Gans e t  a l . (1968 ) a t t r i b u t e d  t h e i r  r e s u l t s  

to  changes in  cu taneous c i r c u l a t i o n .

d. The e f f e c t  o f  a c t i v i t y

A c t iv i ty  i s  an im p o rtan t d e te rm in a n t o f  t o t a l  EWL. Bene­

d i c t  (1932 ) found t h a t  snakes lo s e  more in s e n s ib le  w eigh t when th e y  

a r e  a c t i v e .  A c tiv e  an im als  can lo s e  fo u r  tim es  th e  amount o f  w a te r  

l o s t  by r e s t i n g  an im als  (Chew and Dammann, 1971; M innich, 1970).

T h is e x p la in s  th e  r e l a t i v e l y  la r g e  i n i t i a l  ( f i r s t  two h o u rs) t o t a l  

w a te r lo s s  o f  an im als  p la c e d  in  an in  v iv o  a p p a ra tu s  (W arburg, 196 5 ). 

Gans e t  a l .  (1968) showed t h a t  a c t i v i t y  g r e a t ly  in c re a s e d  o n ly  th e  

r e s p i r a to r y  component o f  EWL in  sn ak es . K rakauer (1970) f e e l s  t h a t  

s in c e  CWL i s  n o t r e l a t e d  to  m etabo lism , th e  in c re a s e d  CWL d u rin g  a c ­

t i v i t y  i s  due to  th e  f lu s h in g  o f  p o c k e ts  o f  h ig h  h u m id ity  in  th e  

h in g e  re g io n s . W hile D m i'e l (1972) found t h a t  a c t i v i t y  d id  n o t a f ­

f e c t  CWL in  some v ip e r s  and c o lu b r id s ,  C laussen  (1967 ) ,  w orking w ith  

l i z a r d s ,  concluded  th e  o p p o s ite .
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e . L i te r a tu r e  su rvey

As w i l l  be e v id e n t from th e  fo re g o in g , and from M a te r ia ls  

and Methods (p p . 5 1 -5 9 ) , p re v io u s  s tu d ie s  o f  r e p t i l i a n  CWL c o n ta in  

such  a  v a r i e ty  o f  d e b a ta b le  t h e o r e t i c a l  p rem ises  and p r a c t i c a l  s h o r t ­

comings t h a t  d e ta i l e d  com parison w ith  th e  d a ta  p re s e n te d  in  t h i s  

t h e s i s  i s  im p o ss ib le . In  t h i s  s e c t io n ,  an a tte m p t has been  made to  

n o rm a lize  th e  r e s u l t s  o f  a  number o f  p re v io u s  s tu d ie s  t o  p e rm it a t  

l e a s t  e m p ir ic a l  com parison , and t o  in d ic a te  th e  ty p e  o f  m ethodology 

w hich has been employed.

T able 1 p re s e n ts  v a lu e s  f o r  CWL o b ta in e d  from th e  l i t e r ­

a tu r e  f o r  a  v a r i e ty  o f  r e p t i l e s  m easured a t  o r  n e a r 30°C. The r e ­

g re s s io n  used  to  r e l a t e  s u r fa c e  a re a  t o  body w eigh t was SA = 10W0*57 

f o r  th e  l i z a r d s  and th e  caim an, and SA = 12.5W®’ 67 f o r  th e  sn ak e s , 

i r r e s p e c t iv e  o f  th e  fo rm ulas u sed  by th e  o r ig i n a l  in v e s t ig a to r s .

Some in d ic a t io n  o f  th e  method o f  m easuring  CWL i s  g iven  

in  column 5* Wo a tte m p t was made t o  d i f f e r e n t i a t e  v a lu e s  o b ta in e d  

by th e  in  v i t r o  d e s ic c a t in g  cap su le  te c h n iq u e  from th o se  u s in g  th e  

in  v i t r o  osmometer te ch n iq u e  (b o th  ty p e  A p ro c e d u re ) . A lso , no 

a tte m p t was made to  d i f f e r e n t i a t e  th e  s tu d ie s  grouped in  c a te g o ry  C 

on th e  b a s is  o f  th e  accu racy  o f  th e  te c h n iq u e . However, t h i s  ty p e  

o f  p ro ced u re  i s  i n d i r e c t ,  and no m a tte r  how much a t t e n t io n  th e  in ­

v e s t i g a to r  pays t o  o th e r  t e c h n ic a l  a s p e c ts ,  th e s e  v a lu e s  a re  l e s s  r e ­

l i a b l e  th a n  th o s e  in v o lv in g  ty p e  B p ro c e u d re s . B lank sp aces  in d ic a te  

p la c e s  where t h i s  re v iew er was u n ab le  to  a c q u ire  t h i s  in fo rm a tio n  f o r  

th e  su rv ey .

3. O rganism ic F a c to rs  A ffe c tin g  th e  R ate o f  CWL

a . R eg u la tio n
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T able  1 . R ates o f  CWL re p o r te d  f o r  r e p t i l e s .

1 2 3 k 5
CWL CWL Method

Temp. Wt. (mg/cm2/  {mg/ o f
S p ec ies (°C) (gm) h r) gm /hr) S tudy

Saurom alus o b esu s4 23 13** 0.05 0 .11 C

Saurom alus o b esu s7 30 lUo 0 .13 B

Iguana  ig u a n a 4 23 12k 0 .20 0.1*0 C

Am phibolorus o rn a tu s 1 37 0 .5 a C

A m phibolorus o rn a tu s 8 30 2 .8 a 0 .71 C

Gehyra v a r ie g a ta 8 30 2 .8 a 1 ,52 c

Sphenomorphus l a b i l l i a r d i e r i 8 30 2 .8 a 1 .79 c

A n o lis  c a r o l in e n s i s 6 30 0 .19 0 .93 B

A n o lis  c a r o l in e n s i s 15 20 0 .18 C

U ta s ta n s b u r ia n a 6 30 0 .10 0 .7 1* B

L a c e r ta  v i r i d i s 16 30 0.5** A

Uroinastyx a c a n th in u ru s 18*17 30 0 .73 A

Snake11 20 0 .92 A

C oluber r a v e r g i e r i 9 30 136 0 .32 B

S p a le ro so p h is  C l i f f o r d ! 9 30 218 0 .27 B

V ip e ra  p a l a e s t i n a e 9 30 581 0 .1 0 B

A sp is c e r a s t e s 9 30 125 0 .06 B

D iadophis p u n c ta tu s 10 25 k.Q9 k .k C

C arphophis v e rm is10 25 6 .08 2 .5 C

V irg in ia  v a l e r i a e 10 25 U.51 0 .1 C

C ro ta lu s  a t r o x 5 26-7 0 .05 B

C ro ta lu s  s c u t e l l a t u s 5 26-7 0 .05 B

P itu o p h is  c a t e n i f e r 13 25 570 0 .23 C



T able  1 . R ates o f  CWL re p o r te d  f o r  r e p t i l e s .
(co n tin u e d )

1 2 3 b 5
CWL CWL Method 

Temp. Wt. (mg/cm2/  (mg/ o f
S p ec ie s  (°C)

N a tr ix  t a x i s p i l o t a 13 25

M atrix  m aura16 *17 b

M atrix  f .  co m pressicauda12 32

M atrix  f_. p i c t i v e n t r i s 12 32

M atrix  s ip ed o n 2 20

Gopherus a g a s s i z i 1^ 23

Pseudemys s c r i p t a 1* 23

T errep en e  C a ro lin a 1* 23

T errep en e  C a ro lin a 15 20

Caiman s c le r o p s 1* 23

(gm) h r )  gm /hr) S tudy

673 1 .07 C

0 A

136.5 1 .6 0 B

159 .9 2.U3 B

9 .6 0.1*2 2.1*5 B

1770 0 .063 C

0 .51 C

0.22 C

0 .5 1* C

60 1 .06 C

A. In_ v i t r o

B. P a r t i t i o n

C. T o ta l  -  r e s p i r

a .  A pproxim ate v a lu e

b . Room te m p e ra tu re

1 . B av e rs to c k , 1975

2 . B en tley  and L ic h t , 1975

3. B en tley  and S ch m id t-H ie lsen , 1965

1*. B en tley  and S ch m id t-N ie lsen , 1966a

5 . Chew and Dammann, 196 l

6 . C la u ssen , 1967

7 . Craw ford and Kampe, 1971
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T able  1 . R ates o f  CWL re p o r te d  f o r  r e p t i l e s ,  
(co n tin u e d )

8 . Dawson e t  a l . , 1966

9 . D m i'e l , 1972

10. E l ic k  and S e la n d e r , 1972

11. H a ttin g h , 1972a

12. K rak au er, 1970

13. P range and S ch m id t-N ie lsen , 1969 

lU . S ch m id t-N ie lsen  and B e n tle y , 1966

15. S p o t i la  and Berman, 1976

16. T e rc a f s ,  1963

17- T e rc a fs  and S c h o f f e n ie ls , 1966
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C laussen  (1 9 6 7 ), Gans e t  a l .  (1968) ,  W hitfo rd  and L iv e - 

zey (1 9 7 3 ), Cohen (1975) and o th e rs  im ply t h a t  squam ates can c o n tr o l  

t h e i r  r a t e  o f  CWL. For mammals, such a  p o s i t io n  i s  p r e s e n t ly  o n ly  

ad voca ted  by H a ttin g h  ( l9 7 2 a b ) . In  human s tu d ie s  i t  has  been  e x te n ­

s iv e ly  documented t h a t  cadaver s k in ,  and v a s o d i la te d  and vasocon- 

s t r i c t e d  s k in ,  a l l  have th e  same r a t e  o f  CWL as  norm al in  v iv o  sk in  

(A insw orth , i 960 ; Baker and Kligm an, 1967; Burch and W indsor, 19^6; 

J e le n k o , 1967; M ali, 1956; M alk inson , 196H; Onken and Moyer, 1963; 

P in so n , 19^2). Even th e  low ered  r a t e  o f  CWL d u rin g  sev e re  dehydra­

t i o n  i s  e x p la in ed  by a  d e c rea se  in  sk in  te m p e ra tu re  (b ro u g h t about 

by a  d e c rea se  in  cu taneous b lo o d  flow ) n o t a  change in  th e  perm ea­

b i l i t y  c o n s ta n t o f  th e  membrane i t s e l f  (Y oshim ura, 196^ ) .

P e t tu s  (1 9 5 8 ), K rakauer (1 9 7 0 ), and Dunson and Robinson 

(1976) found th a t  CWL rem ains c o n s ta n t a f t e r  an im al d e a th , c e l l  

d e a th ,  o r even in  ex c ise d  s k in . I t  can be in f e r r e d  from th e  e x p e r i­

m en ta l p ro to c o ls  u sed  by Snyder (1971) and E l ic k  and S e lan d e r (1 9 7 2 ), 

t h a t  t h e i r  s tu d ie s  showed th a t  CWL rem ains c o n s ta n t a f t e r  d e a th . 

However, a  l i v in g  anim al can b e h a v io ra l ly  c o n tro l  i t s  r a t e  o f  CWL, 

e i t h e r  by s e le c t in g  a  more a p p ro p r ia te  m ic ro h a b i ta t ,  o r  by a d o p tin g  

a  d i f f e r e n t  p o s tu re  (Cohen, 1975; K rakauer, 1970).

b . Sk in  shedding

M aderson, C hiu , and P h i l l i p s  (1970a) concluded  th a t  

th e r e  i s  no proven r e la t io n s h ip  betw een shedding  and h a b i t a t ,  s t r e s s ,  

r e g e n e ra t io n ,  g row th , o r  e x c re t io n .  They su g g es t t h a t  shedd ing  m ight 

be a  p le io t r o p ic  e f f e c t  o f  changes in  th e  horm onal m il ie u  s e le c te d  

f o r  o th e r ,  unknown re a so n s . Kropech and Soule (1970) su g g es t t h a t  

shedd ing  i n  a q u a tic  snakes may be an a n t i - f o u l in g  mechanism.
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B en ed ic t (1932) found th a t  snakes which were ahou t to  

shed  had v e ry  h ig h  r a t e s  o f  t o t a l  w a te r  l o s s .  He a s c r ib e d  t h i s  in ­

c re a se d  w a te r lo s s  to  an in c re a s e  in  cu taneous p e rm e a b il i ty  d u r in g , 

o r  j u s t  b e f o r e ,  sh ed d in g . B ogert and Cowles (19^7) found la r g e  t o t a l  

e v a p o ra tiv e  lo s s  in  a  shedd ing  in d ig o  snake. C laussen  ( 1967) found 

t h a t  th e  cu tan eo u s component o f  t o t a l  w a te r lo s s  in c re a s e d  g r e a t ly  

i n  a  shedding  A n o lis , and th e r e f o r e  su g g es ted  t h a t  th e  p e rm e a b il i ty  

o f  th e  s k in  in c re a s e s  a t  t h i s  t im e . Gans et_ a l . ( 1968 ) found th a t  

t o t a l  EWL o f  a  shedd ing  L_. d o l i a t a  was g r e a te r  th a n  i t  was betw een 

sh e d s . The n e x t tim e  th e  an im al was about t o  sh ed , th e y  removed th e  

p resu m p tiv e  shedding  sk in  and found no subsequen t in c re a s e  in  t o t a l  

EWL. They concluded  t h a t  th e  in c re a s e d  r a t e  o f  w a te r  lo s s  d u rin g  

sh ed d in g  was due to  in c re a s e d  a c t i v i t y ,  which cau ses  m ain ly  an i n ­

c re a s e  in  r e s p i r a to r y  w a te r l o s s .  M innich (1970) found an in c re a s e  

i n  t o t a l  w a te r lo s s  even in  s le e p in g  D. d o r s a l i s . M innich a t t r i b u t e d  

t h i s  to  an in c re a s e  in  cu taneous p e rm e a b il i ty .  Cohen (1975) found 

t h a t  th e  r a t e  o f  CWL in c re a s e d  th e  day b e fo re  sh ed d in g , was s l i g h t l y  

low er d u rin g  sh ed d in g , and d e c rea se d  t o  norm al l e v e l s  a  day o r so 

a f t e r  sh ed d in g . Dunson and R obinson (1976) found t h a t  th e  s k in  j u s t  

a f t e r  shedd ing  was more im perm eable th a n  s k in  ta k e n  a t  a  l a t e r ,  un­

known, tim e  d u rin g  th e  c y c le . Bradshaw e t  a l .  (1972 , p . 623) r e ­

p o r te d  t h a t  "Anim als w hich a c c id e n ta l ly  came in  c o n ta c t  w ith  (p a r a f ­

f in )  o i l  u s u a l ly  d ied  from th e  e f f e c t s  o f  a cu te  d e h y d ra tio n  u n le s s  

th e y  were a b le  t o  shed  t h e i r  sk in  whereupon th e  cu tan eo u s w a te r lo s s  

r e tu rn e d  t o  no rm al" . They d e f i n i t e l y  f e e l  t h a t  th e  in c re a s e d  w a te r 

lo s s  was due to  an in c re a s e  in  cu taneous p e rm e a b il i ty  s in c e ,  "^8 

h o u rs  a f t e r  ( t h e i r )  f i r s t  exposure  t o  th e  o i l ,  h a n d lin g  th e  l i z a r d s
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r e s u l t e d  in  s c a le  l o s s ,  th e  s c a le s  d e tach ed  th em selv es  r e a d i ly  from 

th e  s k in  w ith  h a n d lin g  and b a re  p a tc h e s  developed  a t  p o in ts  o f  a b ra ­

s io n "  (Bradshaw , p e rs o n a l com m unication).

c . S c a le s

Rose ( l 969 ) s e p a ra te d  th e  ep id erm al s c u te s  ( s c a le s )  from 

th e  bony e lem en ts  o f  th e  p la s t r o n  and carap ace  o f  T errapene  o r n a ta .

He found t h a t  an im als  w ith o u t ep id erm al s c u te s  over a  la rg e  p a r t  o f  

t h e i r  body l o s t  w a te r much f a s t e r  th a n  c o n tro l  an im a ls . The amount 

o f  w a te r l o s t  by th e  sk inned  an im als was much g r e a te r  th a n  th e  w a te r 

c o n te n t o f  th e  sk inned  r e g io n s ,  th u s  in d ic a t in g  t h a t  ep id erm al s c u te s  

p re v e n t lo s s  o f  i n t e r n a l  body w a te r . Dunson and Robinson (1976) 

found t h a t  shed sk in  was as im perm eable a s  whole s k in .  L ic h t and 

B en n e tt (1972) and B en n e tt and L ic h t (1975) re p o r te d  r e s p e c t iv e ly  

on m utant gopher and w a ter sn ak e s , which la c k e d  s c a le s  ov er la rg e  

p o r t io n s  o f  t h e i r  b o d ie s . The ep id erm is  o f  th e  m u tan ts  was i r r e g u ­

l a r ,  b e in g  m o rp h o lo g ica lly  s im ila r  to  th e  h in g e  re g io n  o f  norm al 

s c a l e s ,  and th e  derm al s t r u c tu r e  was a ls o  u n u su a l. The m utant go­

p h e r s n a k e 's  oxygen consum ption and EWL w ere n o rm al, as  were EWL and 

CWL f o r  th e  m utan t w a te r sn ak e , le a d in g  th e  a u th o rs  to  conclude th a t  

th e  absence o f  norm al s c a le s  does n o t a f f e c t  CWL.

The r e la t io n s h ip  betw een s c a le  s iz e  and CWL i s  c o n te s te d . 

C lau ssen  (1967) f e e l s  t h a t  g ra n u la r  s c a le s  (A n o lis ) have h ig h e r  

r a t e s  o f  CWL th a n  o v e rla p p in g  s c a le s  (U ta ) . Sou le  (1966) and Soule 

and K erfo o t (1972) f e e l  t h a t  s in c e  la r g e  s c a le s  have k e e ls  and mu- 

c ro n a t io n ,  t h e i r  s u r fa c e  a re a  i s  in c re a s e d , and th e r e f o r e  such s c a le s  

sh o u ld  have h ig h  r a t e s  o f  CWL. Munsey (1972) a ls o  f e e l s  t h a t  la rg e  

s c a le s  cause h ig h e r  r a t e s  o f  CWL b ecause  th e  h in g e  re g io n s  a re  l a r g -



-48-
bounded r e a l  va lued  fu n c tio n s  d e fin e d  on X .

8 .2  For a sequence o f  un ifo rm ly  bounded f i n i t e  m easures u^ . u^ j U^j . . .  

d e f in e d  on X any Banach l im i t  u^ (*) = B j(u n (* )) w i l l  be a f i n i t e l y  

a d d i t iv e  s e t  fu n c tio n  on th e  c r - f le ld  £  .

8 .3  A f i n i t e l y  a d d i t iv e  s e t  fu n c tio n  u (* ) d e fin e d  on a compact 

H ausdorff space X i s  c a l le d  r e g u la r  i f  f o r  each c lo se d  s e t  F c  X and 

any e > 0 th e re  e x i s t s  an  open s e t  0 Z5 F such th a t  u(O-F) < e .

8 .4  P ro p o s it io n  8 .4 : L et u ^ U g ^ u ^ ,. . .  be a  sequence o f  un ifo rm ly

bounded f i n i t e  m easures d e fin e d  on th e  compact H ausdorff space X then  

fo r  each Banach l im i t  fu n c tio n a l  B  ̂ th e re  e x i s t s  a  unique f i n i t e  r e g u la r  

m easure u ( • )  such th a t

B^Cj fdun) = J  fdu  f o r a l l  f  6 CQ(X)
X X

P ro o f: For each f  € C„(X) s e t  cp .(f) = B ,( f  fdu ) .  Then ep, w i l l  be—*  0 Tj J n

a  bounded l in e a r  fu n c tio n a l  d e fin e d  on Cq(X ). Hence by th e  R iesz  re p ­

r e s e n ta t io n  theorem  (se e  D unford-Schw artz, p. 265) th e re  e x i s t s  a  unique 

f i n i t e  r e g u la r  m easure u ( • )  such th a t  cp j(f) “ J* fdu  fo r  a l l  

f  6 CQ(X ).

Q. E. Dt

8 .5  We r e f e r  to  u in  P ro p o s it io n  8 .4  a s  th e  weak Banach l im i t  

(WBL) o f  th e  sequence u ^ u ^ u . j , . . .  under th e  Banach l im i t  fu n c tio n a l  

Bj (denoted  by u ( • )  * W B j(u ^ * )))  .

8 .6  l e t  Pl f P2 ,P 3, . . .  be a sequence o f p r o b a b i l i ty  m easures and assume

l i m i t  P fdP e x is t s  f o r  a l l  f  € Cn (X ), th en  th e  R iesz  r e p r e s e n ta t io n  J v n un—• co a

theorem  a ss u re s  t h a t  th e re  e x i s t s  a  unique f i n i t e  r e g u la r  p r o b a b i l i ty



measure P such that
l im i t  p fdP = f  fdP f o r  a l l  f  € Crt(X) .

„  „  V n  V 0IH  ® X X

In  such a case  we w i l l  c a l l  P th e  weak l im i t  o f  th e  sequence o f

m easures P . jP - jP , , . . .  (deno ted  by P => P ) .x i  j  n

8 .7  P ro p o s it io n  8 .7 ; Given a  sequence o f  p ro b a b i l i ty  m easures

^1*^2*P3**’ * de:^ ned on compact H ausdorff space X. I f

lim sup P (F) s  P(F) fo r  a l l  c lo sed  s e t s  F (P some p r o b a b i l i ty  m easure)
IH 00 _

th en  th e re  e x i s t s  a unique re g u la r  p ro b a b i l i ty  m easure P such th a t

(a ) l im i t  f fdP = f fdP fo r  a l l  f  € CA(X)J v n 0  v  0tl-* oo x x
and

(b) J* fdP = J  fdP fo r  a l l  f  € CQ(X) .
X X

(Hence P w i l l  be th e  weak l im i t  o f  th e  sequence P ^ ^ j P g , . . . )  •

P r o o f i (a) im p lie s  (b) by th e  rem arks made in  8 .6 .  P a r t  (a) g e n e ra liz e s  

Theorem 2 .1  o f  B i l l in g s le y  (B i l l in g s le y  1, p . 11) to  a compact H ausdorff 

sp ace . For th e  sake o f  com pleteness we re p e a t  th e  a p p lic a b le  p a r t  o f  

Theorem 2 .1 .

By a l in e a r  tra n s fo rm a tio n  we can r e s t r i c t  th e  p ro o f to  only  those  

f  g Gq (X) such th a t  O S  f  S 1 . L et

Then 
k

* ¥  f c i  ¥ s  s  9 s  sr £dp < = H xl  ^ £ t M  < 9  • ( 8 -7- 1)i= l  x

The r ig h t  hand s id e  o f (8 .7 -4 )  can be ex p ressed  as

n  i  \ b / b  )"] = i  + i  v> p / ' p  ^



-50-
A s i m i l a r  t r a n s f o r m a t i o n  o f  t h e  l e f t  s i d e  ( 8 . 7 - 1 )  y i e l d s

k  kI E P ( F  )  £  J f d P  <  £  +  £  E P ( F . )  . 
1=1 1 X 1=1 1

Since llm sup ^n (^ j )  s  ? (F j)  we o b ta in
nr* oo

k k
l l* s „ p  r fdP *  i  + i  S lim a up P <7 )  P f f t )
n-* 00 X i= l  n-*co 1=1

4  + Jx £dP •

Hence,

lim sup f fdP ^  f fdP .
n-*°° X n X

A pplying th e  above argum ent to  - f  y ie ld s

l im in f  f  fdP s f  fdP .„ _  <1 n J „ti-* x X

T h ere fo re

l im i t  I1 fdP -  f fdP = T fdP .
nr* co *JX n X J x

Q .E .D .

8 .8  The fo llo w in g  p ro p o s it io n  i s  a  consequence o f  A le x a n d rd ff 's

theorem  (see  D unford-Schw artz, p . 316) and is  in c lu d ed  in  o rd e r  to  g ive

a com plete p re s e n ta t io n .

P ro p o s it io n  8 .8 : In  a compact H ausdorff space X th e  sequence o f

p r o b a b i l i ty  m easures P ^ P ^ P ^ , . . .  converges weakly to  some P

(P^ =* P ) i f  and on ly  i f

lim sup P (F) £ P (F) fo r  a l l  c lo se d  s e t s  F ._ n n-»00

P ro o f ; Assume Pr => P , hence P i s  r e g u la r  (see  8 .6 ) .  C onsequently  

fo r  a  g iven  c lo sed  s e t  F and any 6 >  0 we can choose an  open s e t
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0 3  F so  th a t  f  (0 -F ) < e (see  8 .3 ) .  L e t 0 £ f  £ 1 be a con tinuous

fu n c tio n  so  th a t  f  « 1 on F and f  = 0 on the  complement o f  0 z> F .

Then

P (F) s  f  fdP £ f  fdP and P fdP = P fdP S P (0) s  P (F) + e .n  J p n J x  n  J x  J x

Hence,

lim sup P (F) £ l im i t  P fdP *= f fdP <; P (F) + e .
n  _  " v n  *>n-* oo n-» °° X

S ince e i s  a r b i t r a r y  we have

lim sup P (F) ^  P (F) fo r  a l l  c lo se d  s e ts  F . 
n-*»  n

C onverse ly , assume lim sup P (F) ^ P (F) by p ro p o s it io n  8 .7 (a )  we have_  n n-» “

th a t
l im i t  P fdP = P fdP .J n  J vIH® X X

I f  P i s  r e g u la r  th en  th e  weak l im i t  w i l l  be P j i f  n o t ,  th en  by

P ro p o s it io n  8 .7 (b )  th e re  e x i s t s  a  ^ ( * )  w hich i s  th e  weak l im i t  and by

th e  argum ents g iven  above

lim sup P (F) £ ^ (F )  fo r  a l l  c lo se d  s e ts  F . nn-»

Hence we o r ig in a l ly  could  have chosen ^  in s te a d  o f  ^  and th en  our 

o r ig in a l  s ta tem e n t in  P ro p o s it io n  8 .8  would rem ain  v a l id .

Q.E.D.
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e r .  Gans e t  a l .  (1 9 6 8 ), K rakauer (1 9 7 0 ), and H orton (1972) f e e l  t h a t  

la r g e  o v e rlap p in g  s c a le s  d e c rea se  CWL by co v e rin g  th e  h in g es  o r  by 

re d u c in g  th e  number o f  h in g e s .

h. L o ca tio n  o f  th e  P e rm e a b ili ty  B a r r ie r

For b o th  mammals and r e p t i l e s ,  th e r e  i s  ev id en ce  t h a t  th e  

dead corneous m a te r ia l  i s  th e  p e rm e a b il i ty  b a r r i e r .  However, th e  

o u ts ta n d in g  q u e s tio n  i s  o f  th e  r e l a t i v e  e f f e c t iv e n e s s  o f  a lp h a  v e rsu s  

f e a th e r  k e r a t in  c o n ta in in g  t i s s u e s  a s  p e rm e a b il i ty  b a r r i e r s  in  re p ­

t i l e s .

The work o f  B en n e tt and L ic h t (1975)> and L ic h t and B en n e tt 

(1972) in d ic a te s  t h a t  th e  b e ta  la y e r  i s  o f  r e l a t i v e l y  m inor im por­

ta n c e  a s  f a r  a s  w a te r im p e rm e a b ility  i s  co n ce rn ed , s in c e  t h e i r  mu­

t a n t s  had t h i n  b e ta  l a y e r s ,  and norm al r a t e s  o f  w a te r  l o s s .  The o n ly  

o th e r  k e r a t in iz e d  ep id erm al component w hich co u ld  be th e  p e rm e a b il i ty  

b a r r i e r  i s  th e  a lp h a  la y e r .  In  non-squam ate r e p t i l e s  when a lp h a  and 

f e a th e r  k e r a t in s  a re  s p a t i a l l y  s e p a ra te d  (one o c c u r r in g  in  th e  OSS 

and th e  o th e r  in  th e  ISS and h in g e ) ,  f e a th e r  k e r a t in  alw ays o ccu p ie s  

th e  p la c e  where g r e a te r  a b ra s io n  o ccu rs  ( th e  OSS). F u rth e rm o re , a l ­

though  r e p t i l e s  a re  exposed to  h a rd  s u r f a c e s ,  th e y  r a r e l y  have h y p e r­

tro p h ie d  a lp h a  m a te r ia l ,  as do mammals on t h e i r  palm ar and p la n ta r  

s u r f a c e s .  I f ,  in  f a c t ,  th e  two ty p e s  o f  k e r a t in  do have d i f f e r e n t  

fu n c tio n s  ( f e a th e r  k e r a t in  -  c o u n te ra c tin g  a b ra s io n ,  a lp h a  -  c o n t r o l ­

l i n g  p e r m e a b i l i ty ) , a  r a t io n a le  f o r  t h e i r  s t r a t i f i c a t i o n  and f o r  

shedd ing  in  squam ates may be found. Thus th e  o u te rm ost b e ta  la y e r  

p re v e n ts  a b ra s io n  o f  th e  p e rm e a b il i ty  b a r r i e r  ( th e  a lp h a  l a y e r ) ,  and 

sk in  shedding  i s  a  method o f  r e s to r in g  th e  a b ra s io n  r e ta r d in g  m ate­

r i a l  on th e  o u te r  s c a le  s u r f a c e .  Hinge re g io n s  canno t be worn t h i n
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"by a b ra s io n , and th u s  need l i t t l e  f e a th e r  c o n ta in in g  t i s s u e .

K rakauer (1970) c i t e s  two re a so n s  f o r  assum ing t h a t  th e  b e ta  

la y e r  i s  th e  p e rm e a b il i ty  b a r r i e r .  A r e c e n t ly  fe d  Thamnophis s a u r i -  

t i s  was so engorged t h a t  i t s  s c a le s  d id  n o t o v e r la p ;  i t s  r a t e  o f  CWL 

was f iv e  tim e s  t h a t  o f  p o s t - a b s o r p t iv e  snakes ( i t s  oxygen consum ption 

was o n ly  tw ice  t h a t  o f  p o s t - a b s o r p t iv e  sn ak e s , so t h a t  a c t i v i t y  cou ld  

n o t be th e  cause o f  th e  in c re a s e d  CWL). A lso , K rakauer f e e l s  t h a t  

th e  maximal s c a le  o v e r la p  o ccu rs  when a  snake i s  s t r a i g h t  and l e a s t  

o v e r la p  when th e  an im al i s  s ig m o id a l (b u t n o t c o i le d )  in  sh ap e . He 

found t h a t  CWL was g r e a te r  when th e  an im al was s ig m o id a l. He f e e l s  

t h a t  t h i s  i s  s tro n g  ev id en ce  th a t  th e  h inge  (where th e  b e ta  la y e r  i s  

th in )  i s  more perm eable th a n  th e  OSS.

CWL i s  h ig h e r  f o r  s o f t s h e l l  t u r t l e s  th a n  f o r  o th e r  f r e s h ­

w a te r t u r t l e s ,  w h ile  th e  l a t t e r  have h ig h e r  r a t e s  o f  CWL th a n  d e s e r t  

t o r t o i s e s  (B en tley  and S ch m id t-N ie lsen , 1966a, 1970). S o f ts h e l l s  

have o n ly  a lp h a  k e r a t i n ,  Pseudemys (a  f re sh w a te r  h a rd s h e l l )  carap ace  

s c u te s  a re  composed o f  f e a th e r  k e r a t in  w h ile  i t s  lim bs have on ly  

a lp h a  k e r a t i n ,  w h ile  th e  d e s e r t  t o r t o i s e ' s  (G opherus) carap ace  and 

OSS o f  i t s  lim b s c a le s  a re  composed o f  f e a th e r  k e r a t i n  (Baden and 

M aderson, 1970). Thus an im als which have low r a t e s  o f  CWL have more 

f e a th e r  k e r a t in  in  t h e i r  in teg u m en t, su g g e s tin g  t h a t  f e a th e r  k e r a t in  

i s  a  l e s s  perm eable m a te r ia l .



MATERIALS AND METHODS

SECTION I .  INTRODUCTION

The fo llo w in g  t e x t  d e s c r ib e s  th e  ex p e rim en ta l p ro to c o l  f o r  most 

o f  th e  ex p erim en ts . For ease  o f  p r e s e n ta t io n ,  e x c e p tio n s  and d e t a i l s  

f o r  in d iv id u a l  experim en ts  a re  p ro v id ed  when t h a t  e x p e r im e n t 's  r e ­

s u l t s  a re  p re s e n te d . A ll  s t a t i s t i c a l  t e s t s  were perform ed acco rd in g  

to  th e  p ro ced u res  o u t l in e d  in  S okal and R oh lf (1973).

SECTION I I .  GENERAL MATERIALS

D ata were o b ta in e d  on th e  fo llo w in g  an im a ls : tokay  geckos ( Gek-

ko gecko ) ,  le o p a rd  geckos (E u b le p h a ris  m a c u la r iu s ) ,  g reen  iguanas 

( Iguana ig u a n a ) ,  d e s e r t  ig u an as  (D ip so sau ru s  d o r s a l i s ) , jew eled  l a -  

c e r t e s  (L a c e r ta  l e p id a ) ,  b la c k  te g u s  (Tupinam bis n ig ro p u n c ta tu s ) , 

y e llo w  r a t  snakes (E laphe o b s o le ta  q u a d r i v i t t a t a ) ,  boa c o n s t r ic to r s  

( C o n s tr ic to r  c o n s t r i c t o r ) ,  American c ro c o d ile s  ( C rocodylus a c u tu s ) ,  

s p e c ta c le d  caim ans (Caiman s c le r o p s ) , s l i d e r  t e r r a p in s  (Pseudemys 

s c r i p t s ) ,  a  ja b o ty  ( Geochelone d e n t i c u l a t a ) , a le o p a rd  f ro g  (Rana 

p ip ie n s ) ,  a  Norway r a t  (R a ttu s  n o rv e g ic u s ) ,  and man (Homo s a p ie n s ) .

Most an im als were k ep t on a  12 :12  l i g h t :d a r k  p h o to p e rio d  a t  

30°C, and th e  r e l a t i v e  hum id ity  was m easured d a i ly  w ith  a  s l in g  p sy -  

ch ro m eter.

Throughout th e  co u rse  o f  in v e s t ig a t i o n ,  most squam ates and th e  

ja b o ty  were housed in  w ire  cag es . The American c ro c o d ile s  were k ep t 

in  a la r g e  wooden pen (3 f e e t  by 6 f e e t ) ,  w ith  a  sm all c h i ld r e n ' s

- 3 b -
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p o o l (28 in ch es  sq u are ) a t  one end. The caim ans w ere k ep t in  an in ­

c l in e d  20 g a llo n  ta n k  which c o n ta in e d  2 in c h es  o f  w a te r a t  i t s  deep­

e s t  p o in t ,  w ith  an a d ja c e n t d ry  s u b s t r a t e .  The s l i d e r s  and th e  l e o ­

p a rd  f ro g  were k ep t in  la r g e  damp b in s  in  a  c o ld  room ( 11°C) .  The 

r a t s  were k ep t in  an an im al room. A ll r e p t i l e s ,  ex cep t th e  s l i d e r s ,  

had access  to  food  and w a te r . The l i z a r d s  were s q u ir te d  w ith  w a te r 

d a i ly  and th e  snakes were p ro v id ed  w ith  fin g e rb o w ls  o f  w a te r ,  to o  

sm all f o r  them to  e n te r .  The to k a y s , le o p a rd  gecko , and l a c e r t a s  

were fe d  c r ic k e t s  and mouse p u p s , and th e  l a c e r t a ’ s d i e t  was occa­

s io n a l ly  supplem ented w ith  ch icken  l i v e r  and f r e s h  f r u i t .  The ig u a ­

n as  and th e  ja b o ty  were fe d  l e t t u c e ;  th e  b la c k  te g u s  w ere fe d  eg g s; 

and th e  c ro c o d i le s  and snakes were g iv en  m ice , r a t s ,  and c h ic k s .

A part from th e  g reen  igu an as  m ost in d iv id u a ls  ad ap ted  w e ll t o  c a p t iv ­

i t y .

Shedding re c o rd s  were k e p t fo r  a l l  squam ates. A ll l i z a r d s  which 

e a t  t h e i r  sh ed , and a l l  squam ates which were no t housed in d iv id u a l ly ,  

w ere marked w ith  a  w a te rp ro o f m arker. A shed  was in d ic a te d  by th e  

absence o f  a  mark on th e s e  a n im a ls , o r  th e  p re sen ce  o f  a m olt in  th e  

cage o f  in d iv id u a l ly  housed squam ates. Some r a t  snakes were th y r o id -  

ectom ized  acco rd in g  to  th e  p ro ced u res  d e sc r ib e d  by Chiu and Lynn 

( I 970a b ) .

SECTION I I I .  MEASURING TECHNIQUES

A. COMPARTMENT STUDIES

1 . D e s c r ip t io n

The a p p a ra tu s  i s  i l l u s t r a t e d  in  f ig u r e s  5 and 6 . Compressed
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F ig u re  5. Schem atic d iagram  o f  th e  chamber system  v h ic h  was 

u sed  to  co m p artm en ta lize  w a te r lo s s  (H -  head  com partm ent, B -  "body 

com partm ent, 1 -  d ry  a i r  c y l in d e r ,  2 -  Nalgon tu b in g , 3 -  p re s s u re  

r e g u la t in g  flo w m ete r, k -  d ry in g  column c o n ta in in g  6 mesh D r i e r i t e ,

5 -  c o i le d  copper tu b in g , 6 -  s to p co c k , 7 -  p re -d ry in g  tu b e  c o n ta in ­

in g  10-20 mesh D r i e r i t e ,  8 -  20 mm le n g th  o f  neoprene tu b in g ,  9 -  

b ra s s  i n l e t  tu b e ,  10 -  b ra s s  ex h au s t tu b e ,  11 -  p o s t-d ry in g  tu b e  con­

ta in in g  8 mesh D r i e r i t e ,  12 -  flo w m ete r, 13 -  wet t e s t  m e te r , lk  -  

sch o o l a i r  l i n e ,  15 -  s o l id  end p l a t e ,  l6  -  doughnut shaped end 

p l a t e ,  17 -  c o l l a r ,  18 -  neoprene membrane, 19 -  low er b ra s s  p l a t e ,

20 -  upper b ra s s  p l a t e ,  21 -  p i l l o r y ,  22 -  b ra s s  c l i p s ,  23 -  neoprene 

'0 '  r in g ,  2k -  neoprene g a s k e ts ) .

F ig u re  6 . S u rface  view  o f  c o l l a r  assem bly (F ig . 5* l l - 2 k )  in  

s i t u  ( l  -  upper p la t e  o f  c o l l a r ,  2 -  1 /8  in c h  sc rew s, 3 -  l A  in ch  

c le a ra n c e  h o le s ,  k -  p i l l o r y ,  5 -  b ra s s  c l i p s ,  6 -  sc rew s , 7 -  h o le  

f o r  a n im a l 's  n eck , 8 -  neoprene membrane, 9 -  edge o f  h o le  th ro u g h  

b ra s s  p l a t e ) .
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a i r  from a d ry  a i r  c y lin d e r  ( l )  was p a ssed  th ro u g h  a flow m eter (3) 

and th e n  d r ie d  hy p assag e  th ro u g h  a  one m eter column (25 mm ID) con­

t a in in g  D r i e r i t e  {!*)• Nalgon tu b in g  ( 2 ) ,  3 /8  in ch  OD, l / l 6  in ch  

w a l l ,  was u sed  f o r  a l l  co n n ec tio n s  in  th e  system  u n le s s  o th e rw ise  

s p e c i f ie d .  Flow r a t e  was alwayB re g u la te d  up stream  t o  p re v e n t a 

p re s s u re  b u ild u p  in  th e  cham ber. The a i r  th e n  p a ssed  in to  a  30°C BOD 

box b e in g  f i r s t  warmed to  t h a t  te m p e ra tu re  by p assag e  th ro u g h  a  one 

m e te r le n g th  o f  c o i le d  copper tu b in g  (5 ) -  I t  th e n  p a sse d  th ro u g h  a  

ground g la s s  s topcock  (6 ) and a sm all s to p p e re d  g la s s  tu b e  ( l6  mm OD) 

c o n ta in in g  f in e  (10-20  mesh) in d ic a t in g  D r i e r i t e  ( 7 ) .  The ends o f  

th e  tu b e  were p lugged  w ith  c o tto n  to  p re v e n t d u s t from e sc a p in g . The 

p re -d ry in g  tu b e  was connected  to  th e  body compartment i n l e t  v i a  a  

s h o r t  le n g th  ( l e s s  th a n  20 mm) o f  neoprene tu b in g  ( 8 ) ,  5 / l6  in ch  OD, 

l / l 6  in c h  w a ll .  A ir p re s s u re  w ith in  th e  chamber was 3 -^  mm m ercury 

above am b ien t. A ir p assed  th ro u g h  'th e  chamber and l e f t  V ia a la r g e  

c o tto n -p lu g g e d  tu b e  f i l l e d  w ith  8 mesh in d ic a t in g  D r i e r i t e  ( l l ) ,  

w hich was a t ta c h e d  to  th e  chamber by a  s h o r t  le n g th  ( l e s s  th a n  20 mm) 

o f  neoprene tu b in g  ( 8 ) .  A ir  th e n  p a sse d  ou t o f  th e  BOD box , th ro u g h  

a  flow m eter (12) and a  wet t e s t  m eter (1 3 ) ,  and was f i n a l l y  r e le a s e d  

in to  th e  la b o r a to r y .  A p a r a l l e l  system  p assed  a i r  th ro u g h  th e  head  

com partm ent, ex cep t t h a t  a  schoo l a i r  l i n e  was used  as  th e  a i r  so u rce  

(lU ) and a  wet te B t m eter was n o t a t ta c h e d .

In  th e  two compartment system  a  ^ in ch  (OD) b ra s s  c y l in d e r  

form ed th e  cham bers. A s o l id  end p l a t e  (15) was s o f t - s o ld e r e d  to  

each  com partm ent. The i n l e t  (9) and o u t l e t  (10) b r a s s  tu b e s  ex ten d ed  

th ro u g h  th e  end p l a t e  and were a t ta c h e d  t o  i t  by s o f t  s o ld e r .  At th e  

o th e r  end o f  each  compartment a  doughnut shaped end p l a t e  ( l 6) was
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a tta c h e d  by s o f t  s o ld e r .  The l a t t e r  co n n ec tio n  was th e  on ly  one 

which re q u ire d  p e r io d ic  r e p a i r .  The doughnut end p la te  a t ta c h e d  t o  

th e  to d y  compartment had s ix  lA - 2 0  tap p ed  h o le s ,  w h ile  th e  one a t ­

ta c h e d  to  th e  head compartment had s ix  1 A  in ch  c le a ra n c e  h o le s .  A 

m achined groove in  each o f  th e  doughnut shaped end p la te s  housed a  

neoprene '0 '  r in g  (2 3 ) . A c o l l a r  (IT ) wbb c o n s tru c te d  o f  two p ie c e s  

o f  b ra s s  (19 and 2 0 ) , each  w ith  a  c e n t r a l  h o le .  Screws were tap p ed  

th ro u g h  th e  low er p ie c e  o f  b r a s s .  A la rg e  neoprene membrane ( l8 )  was 

sandw iched betw een two f l a t  neoprene g a sk e ts  (2U ), t h i s  membrane com­

p le x  was lo c a te d  in  th e  c o l l a r .  A p i l l o r y  l i k e  s t r u c tu r e  (21) was 

made o f  b ra s s  and r e s te d  on to p  o f  th e  upper c o l l a r .  The p i l l o r y  was 

p re v e n te d  from moving by k b ra s s  s p r in g  c l ip s  (22) a t ta c h in g  i t  t o  

th e  upper su r fa c e  o f  th e  c o l l a r  ( see  f ig u r e  6 ) .

2 . P rocedure

Food was w ith h e ld  from l i z a r d s  and snakes f o r  a t  l e a s t  3 o r 

7 days ( r e s p e c t iv e ly )  p r i o r  to  compartment m easurem ent. The c lo a c a l  

c o n te n ts  o f  th e  to k ay s  were em ptied by ap p ly in g  g e n t le  p re s s u re  to  

th e  abdomen, b u t t h i s  was n o t e f f e c t iv e  f o r  th e  o th e r  squam ates used  

in  t h i s  s tu d y . Depending on t h e i r  s i z e ,  an im als  were weighed on a  

M e tt le r  P -10  o r P-1200 b a lan c e  to  th e  n e a r e s t  1 .0  o r  0 .0 1  gram , r e ­

s p e c t iv e ly .

The a n im a l’s head was p assed  th ro u g h  th e  neoprene membrane 

and s to p co ck  g re a se  was l i b e r a l l y  a p p lie d  as  a  s e a la n t  around th e  

a n im a l 's  neck . The p i l l o r y  was t ig h te n e d  around th e  a n im a l’ s neck 

and p o s te r io r  end o f  th e  jaw , and th e n  a tta c h e d  t o  th e  c o l l a r  by 

s p r in g  c l i p s .  The p i l l o r y  p re v e n te d  th e  an im al from  f a l l i n g  in to  th e  

body com partm ent. Some an im als  would gape when th e  p i l l o r y  was
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t ig h te n e d .  W hile t h i s  in c re a s e d  head w a te r l o s s ,  a t te m p ts  t o  h o ld  

th e  mouth c lo se d  w ith  ru b b e r bands k i l l e d  many a n im a ls . F u rth erm o re , 

i t  was im p o ss ib le  t o  e s t a b l i s h  w hether th e  mouth was opened d u rin g  

th e  e x p e r im en ta l ru n s . T h e re fo re , w h ile  head  w a te r lo s s  was m easured , 

i t  was no t a n a ly z e d . C loacas were ta p e d  sh u t w ith  1 /2  in c h  C u rity  

ad h es iv e  ta p e  (#7650, The K endall C o ., C hicago , 1 1 1 .) .  Taping does 

n o t alw ays p re v e n t u r in a t io n  o r d e f e c a t io n ,  b u t such  e v e n ts  can u su ­

a l l y  be d e te c te d  by exam ining th e  chamber o r  th e  ta p e .

A lthough R o b erts  (1968, p . 5®M s ta t e d  t h a t ,  "Measurements 

o f  ta p e d  and n o n -tap ed  an im als were s im i la r  in  th e  absence  o f  e x c re ­

to r y  l o s s " ,  in  r e t r o s p e c t  some o f  my d a ta  in d ic a te  t h a t  ta p in g  may 

in c re a s e  th e  r a t e  o f  CWL. CWL was de term in ed  on 23 d eh y d ra ted  t o -  

k a y s , o n ly  h o f  which w ere n o t ta p e d . CWL o f  18 o u t o f  th e  19 ta p e d  

an im als  was h ig h e r  th a n  t h a t  o f  any n o n -tap ed  a n im a l, th e  d if f e r e n c e  

b e in g  h ig h ly  s ig n i f i c a n t  (Mann-Whitney U t e s t ,  p < 0 .0 0 1 ) . The one 

e x c e p tio n  was l a t e r  m easured w ith o u t t a p e ,  and was found t o  have th e  

same r a t e  o f  CWL as  w ith  ta p e .  A lso two to k ay s  w ere m easured w h ile  

t h e i r  c lo a c a s  were n o t ta p e d  and th e n  a g a in  a f t e r  th e y  were ta p e d .

In  b o th  c a se s  CWL was h ig h e r  when th e  an im als  were ta p e d  (17-35 com­

p a re d  t o  20 .80  and 1 0 .9  compared to  1 1 .3  m g/0.5  h r ) .  There a re  sev­

e r a l  p o s s ib le  re a so n s  why an a c u te  ta p in g  cou ld  cause  CWL to  in c re a s e .  

Taping m ight d e c rea se  t a i l  venous r e tu r n  and in c re a s e  t a i l  b lo o d  

p r e s s u r e ,  which m ight in c re a s e  CWL (se e  H a ttin g h , 19 7 2 c). Taped a n i ­

m als may be more a c t iv e  th a n  n o n -ta p e d  a n im a ls , and th e  to k ay s  m ight 

s t r i p  o f f  some k e r a t i n  as  th e y  remove th e  ta p e  w ith  t h e i r  le g s  ( f o r  

o th e r  e f f e c t s  o f  ta p in g  see  pp . 165-19^ and d is c u s s io n ) .

The an im al was th e n  p la c e d  in to  th e  body com partm ent and
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th e  head  compartment was h o l te d  on. The chamber was p la c e d  in  a  BOD 

box and th e  i n l e t  and o u t l e t  l in e s  co n n ec ted . The s e a l  betw een th e  

two com partm ents was th en  checked by c lo s in g  th e  i n l e t  s to p co ck  to  

one compartment and re a d in g  t h a t  com partm en t's  ex h au s t flo w m ete r.

T h is p ro ced u re  was re p e a te d  f o r  th e  o th e r  com partm ent. I f  b o th  flow ­

m ete rs  re a d  ze ro  i t  was assumed t h a t  a  good neck s e a l  e x i s t e d ,  and 

th e  ru n  was co n tin u e d . The s e a l  was a ls o  checked in  t h i s  manner 

a f t e r  each w eigh ing . U su a lly  th e  ex h au s t flow m eters were w atched  fo r  

abou t f iv e  m inu tes to  make su re  th e  an im al was b re a th in g  r e g u la r ly .  

D r i e r i t e  tu b e s  were w eighed t o  th e  n e a r e s t  0 .1  o r  0 .0 1  mg w ith  a  

S a r to r iu s  2U63 o r M e tt le r  H-20 b a la n c e , r e s p e c t iv e ly .  A f te r  th e  ru n s  

a  s k in  b io p sy  was u s u a l ly  tak en  from th e  g u la r  o r  low er jaw  re g io n , 

and th e  specim en was p re p a red  f o r  h i s t o l o g i c a l  exam in atio n  as de­

s c r ib e d  by M aderson, C hiu , and P h i l l i p s  (1970b).

3 . Comments

The s iz e  and shape o f  th e  chamber a re  im p o rtan t p a ra m e te rs . 

I t  i s  im p o ss ib le  to  d e s ig n  a  two com partm ent system  s im i la r  t o  th e  

one compartment system  ad voca ted  by L asiew sk i e t  a l . (1 9 6 6 a). T h e ir  

fo rm ula  f o r  d e te rm in in g  th e  tim e  needed f o r  a  chamber to  re a c h  99% 

o f  e q u il ib r iu m , u n d e re s tim a te d  th e  tim e  needed f o r  th e  system  d i s ­

c u ssed  above. For exam ple, a cco rd in g  to  t h e i r  fo rm u la , a t  an a i r  

flow  r a t e  o f  200 cc /m in , e q u il ib r iu m  sh o u ld  be o b ta in e d  in  15 min­

u t e s ,  and a t  U00 cc /m in , e q u ilib r iu m  sh o u ld  be o b ta in e d  in  7 -5  min­

u t e s .  I  found th a t  a f t e r  d ry in g  an an im al f r e e  system  f o r  one hour 

a t  200 cc /m in , d u rin g  th e  n ex t 0 .5  h r ,  2 .65  mgs o f  w a te r w ere p ick ed  

up (n  = 3 ) . At U00 cc /m in , a f t e r  0 .5  h r  d ry in g  th e  fo llo w in g  

amounts o f  w a te r ( in  mg) w ere p ic k ed  up f o r  each  o f  th e  n ex t th r e e
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0 .5  hour p e r io d s :  1 .1 5  (n  = U ), 0 .55  (n = 3 ) ,  and 0 .35  (n  = 3)*

T h is  in d ic a te s  t h a t  th e  a i r  flow  in  t h i s  two com partm ent system  was 

n o t lam in a r (p o s s ib ly  t h i s  cou ld  have been  e l im in a te d  by th e  u se  o f  

b a f f l e s ) .  When an im als were p la c e d  in  th e  cham ber, e q u ilib r iu m  v a l ­

u es  were ach iev ed  and m a in ta in ed  a f t e r  1 .5  h ou rs  p re -d ry in g  a t  200 

cc/m in  (to k ay  1 , f ig u r e  7) and a f t e r  1 hour p re -d ry in g  a t  1+00 cc/m in  

( to k a y s  2 and 3 , f ig u r e  7 ) .  V alues f l u c tu a t e  l e s s  a t  th e  h ig h e r  flow  

r a t e  ( f ig u r e  7 ) .

The i n l e t  and ex h au st t u b e 's  ends w ere p o s i t io n e d  as  f a r  

a p a r t  as p o s s ib le ,  h o p e fu lly  m in im izing  dead  a i r  sp ace . At a g iven  

a i r  flow  and r a t e  o f  CWL, i t  ta k e s  lo n g e r  f o r  a  la r g e  chamber to  

e q u i l i b r a t e ,  and th e  e q u ilib r iu m  h u m id ity  w i l l  be  low er th a n  in  a 

sm a ll chamber (L asiew sk i e t  a l . ,  1966a). A narrow  chamber would in ­

c re a s e  th e  l i n e a r  v e lo c i ty  o f  th e  a i r  a t  th e  s k i n 's  s u r f a c e ,  th u s  

p o s s ib ly  d e c re a s in g  th e  s k i n 's  boundary la y e r  and th e r e f o r e ,  i n ­

c re a s in g  CWL. I t  m ight seem p r e f e r a b le  to  have many chambers each 

s u i te d  to  a  d i f f e r e n t  body shape and s i z e .  However, r e s u l t s  o b ta in e d  

from  a  snake in  a  long  s lim  chamber would n o t be d i r e c t l y  com parable 

t o  th o s e  from a  h eavy -bod ied  l i z a r d  o b ta in e d  in  a  s h o r t  w ide cham ber. 

A lso , i t  would n o t make sense  t o  m easure a  50 cm ig u an a  and a  150 cm 

ig u an a  in  d i f f e r e n t  chambers and th e n  compare r a t e s  o f  w a te r l o s s .

The o r i g i n a l  cham ber's  s iz e  was d esig n ed  to  co m fo rtab ly  h o ld  medium­

s iz e d  Ig u an a  ig u an a  and s t i l l  f i t  in to  th e  BOD box. T h is d e s ig n  was 

n o t changed f o r  th e  o th e r  s p e c ie s .  Animals w ere alw ays suspended by 

th e  neck f o r  two re a so n s : f i r s t ,  such an arrangem ent exposes th e
"V

g r e a t e s t  s u r fa c e  a re a  o f  th e  an im al t o  a  f r e e  flow  o f  d ry  a i r ;  s e c ­

ond , th e  an im al cannot o b ta in  locom otory  p u rch ase  and p u l l  o u t o f  th e
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F ig u re  7 . CWL as  a  fu n c tio n  o f  tim e  f o r  th r e e  to k a y s  (open c i r ­

c l e s  -  to k ay  1 , m easured a t  200 cc /m in ; open t r i a n g l e s  -  to k ay  2 , 

m easured a t  IfOO cc/m in ; shaded c i r c l e s  -  to k ay  3» m easured a t  U00 c c /  

m in ) .

F ig u re  8 . P ho tograph  o f  a  la r g e  cap su le  in  s i t u  on a  to k a y .
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head  s e a l .

Dry a i r  c y lin d e rs  were u s u a l ly  u sed  as  th e  "body com partm en t's  

a i r  s o u rc e , s in c e  such a i r  c o n ta in s  l e s s  m o is tu re  them D r i e r i t e  f i l ­

t e r e d  a i r .  The m ajor advan tage  in  u s in g  an a i r  c y l in d e r  i s  t h a t  r e l ­

a t i v e l y  f in e  c o n tr o l  o f  a i r  flow  can he a ch iev ed . E r r a t i c  p re s s u re  

f lu c tu a t io n s  in  th e  sch o o l com pressed a i r  l i n e  a f f e c te d  th e  flow  r a t e ,  

h u t t h i s  was n o t c r i t i c a l  f o r  head compartment m easurem ents. For most 

ex p erim en ts  th e  c y lin d e rs  w ere a d ju s te d  to  g iv e  flow  r a t e s  o f  ap­

p ro x im a te ly  200 cc/m in o r 1+00 cc /m in . Due t o  th e  r ig o ro u s  m ethod by 

w hich th e  head-body compartment s e a l  was checked (se e  page 1+1), v e ry  

h ig h  flow  r a t e s  cou ld  n o t he employed. F u rth e rm o re , had low er flow  

r a t e s  been  u se d , e q u i l ib r a t io n  tim e f o r  th e  system  would have been 

to o  lo n g . Assuming t h a t  th e  a n im a l 's  r a t e  o f  CWL rem ains f a i r l y  con­

s t a n t ,  th e  flow  r a t e  would d e term ine  th e  r e l a t i v e  h u m id ity  o f  th e  

cham ber. Thus a tte m p ts  m ight have been made to  c o n tro l  th e  cham ber's  

h u m id ity  f o r  an im als w ith  d i f f e r e n t  r a t e s  o f  CWL by v a ry in g  th e  flow  

r a t e  (B en n e tt and L ic h t ,  1975). However, th e  r a t e  o f  CWL must f i r s t  

be ap p ro x im a te ly  known o r  th e  h u m id ity  se n so r  must be i n s t a l l e d  n e x t 

t o  th e  an im al and be connec ted  t o  a  flow  r e g u la to r .  F in a l ly ,  i n  na­

t u r e ,  hu m id ity  v a r ie s  d iu r n a l ly  and s e a s o n a l ly ,  and d i f f e r e n t  s p e c ie s  

a re  exposed t o  d i f f e r e n t  m ic ro h a b ita t  h u m id itie s  w ith in  th e  same gen­

e r a l  h a b i t a t .  T h e re fo re , even i f  one w anted t o  r e g u la te  h u m id ity , i t  

i s  n o t obv ious what l e v e l  sho u ld  be  r e g u la te d .

B. CAPSULE STUDIES

1 . In  Vivo

The r a t e  o f  CWL sho u ld  be p ro p o r t io n a l  t o  th e  a n im a l 's  s u r -
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fa c e  a re a . The r e la t io n s h ip  betw een w eigh t and s u r fa c e  a re a  can on ly  

he approxim ated  (m ain ly  due t o  sk in  s t r e tc h in g )  w ith in  a  s p e c ie s .  

S p ec ie s  w ith  d i f f e r e n t  body p ro p o r t io n s  c e r t a in l y  have d i f f e r e n t  

w eigh t s p e c i f i c  s u r fa c e  a r e a s .  P ro b ab ly  th e  p h y s io lo g ic a l  im portance 

o f  some re g io n s  o f  sk in  i s  n o t d i r e c t l y  r e l a t e d  to  t h e i r  s u r fa c e  

a r e a .  T h e re fo re , th e  o n ly  way to  d i r e c t l y  compare d i f f e r e n t  an im als 

o r  body s i t e s  i s  by th e  use  o f  c a p su le s  (H a ttin g h , 1973).

The e r r o r s  in v o lv ed  in  u s in g  c a p su le s  (m ain ly  due to  weigh­

in g  and h a n d lin g ) a re  ap p ro x im ate ly  c o n s ta n t r e g a rd le s s  o f  cap su le  

s i z e .  T h e re fo re , g r e a te r  a ccu racy  i s  a ch iev ed  by u s in g  la rg e  cap­

s u le s ,  a lth o u g h  th e y  a re  more d i f f i c u l t  to  s e a l .  Four d i f f e r e n t  cap­

s u le s  were employed w ith  m easuring  a re a s  ( in  cm2 ) o f :  sm all capBule

(S) = 1 .2 9 , sm all to  medium c a p su le  ( A )  = 3 .6 0 , m id -s iz e d  cap su le  = 

U .52, and la rg e  cap su le  (L) = 8.U0. The average  r a t e  o f  w a te r lo s s  

in  d ry  run  s i tu a t io n s  was h ig h ly  v a r i a b le ,  th e  mean fo r  a l l  c ap su le s  

was: 0 .3^8  +_ 0 .289 (SD, n = IT) m g/hr.

The d is ta n c e  betw een th e  s u r fa c e  o f  th e  sk in  and th e  end o f 

th e  i n l e t  tu b e  i s  n o t a s  c r i t i c a l  in  flow  th ro u g h  system s as i t  i s  

in  s ta g n a n t a i r  system s (H a ttin g h , 1 9 7 3 ), b u t i t  was alw ays a p p ro x i­

m a te ly  3 .0  mm. Very f l e x ib l e  l i g h t  tu b in g  had to  be u sed  to  ta k e  

a i r  to w ard s , and away from  th e  c a p s u le , in  o rd e r  t o  p re v e n t th e  cap­

s u le  from f a l l i n g  t o  one s id e  due to  th e  w eight o f  th e  tu b in g  a lo n e , 

and a ls o  to  p re v e n t undue p a l lo r  as a  r e s u l t  o f  p re s s u re  on th e  a n i­

m al’ s s k in . The tu b in g  had t o  be  o f  r e l a t i v e l y  la rg e  d iam e te r to  

p re v e n t p re s s u re  b u ild u p s  in  th e  c a p su le  (which would cause  i t  t o  

p o p ). For th e  same re a so n  a  wet t e s t  m eter was n o t co n nec ted  to  th e  

ex h au s t l i n e  and th e  ex h au st D r ie r i t e  tu b e  was k e p t sm a ll. The r e -
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s u l t in g  cap su le  i n t e r n a l  p re s s u re  was 2 .0  mm w a te r above am bien t.

The cap su le  a p p a ra tu s  i s  i l l u s t r a t e d  in  f ig u r e s  8 and 9*

A ir fo r  c a p su le  d e te rm in a tio n s  came from a  d ry  a i r  c y l in d e r  ( l ) ,  and 

flow  was r e g u la te d  a t  25-75 cc/m in  by th e  c y l in d e r 's  two s ta g e  reg u ­

l a t o r .  A ir  p a ssed  th ro u g h  a  flow m eter ( 3 ) ,  and d ry in g  column (U ), 

and th e n  in to  a  BOD box s e t  a t  30°C, The a i r  th e n  p a ssed  th ro u g h  a  

one m eter copper c o i l  (6) and th ro u g h  l a t e x  tu b in g  (5 j l A  in c h  OD, 

1 /16  in ch  w a l l ) .  The f l e x ib l e  tu b in g  was co n nec ted  to  a  g la s s  tu b u ­

l a r  e x te n s io n  o f  th e  cap su le  ( 7 ) .  The e x te n s io n  was f i l l e d  w ith  10 - 

20 mesh in d ic a t in g  D r i e r i t e .  At th e  bo ttom  o f  t h i s  tu b e  was an ex­

panded p e r fo ra te d  d is c  ( 8 ) .  A f te r  p ic k in g  up m o is tu re , th e  a i r  l e f t  

a n o th e r  g la s s  e x te n s io n  ( 9 ) s th ro u g h  a  T e flo n  co n n ec tin g  tu b e  (10) 

and th e n  th ro u g h  a  sm all g la s s  tu b e  (3 .0  mm OD) f i l l e d  w ith  10-20 

mesh in d ic a t in g  D r i e r i t e  ( l l ) .  A ir th e n  p a sse d  th ro u g h  l a t e x  tu b ­

in g , o u t o f  th e  BOD box , and th ro u g h  a  flow m eter ( 3 ) ,  b e fo re  b e in g  

r e le a s e d .

Animals were u s u a l ly  a n e s th e t iz e d  and r e s t r a in e d  in  a  sup ine  

p o s i t io n  to  p re v e n t sudden random movements. A ttem pts were made to  

m easure an im als  r e s t r a in e d  in  a  prone p o s i t i o n ,  s in c e  i t  was f e l t  

t h a t  th e r e  m ight be u n u su al cu taneous b lood  flow  in  th e  su p in a te d  

an im a l. However, when th e  an im al was p la c e d  in  a  p rone p o s i t io n  th e  

c a p su le  had to  hang u p s id e  down from th e  a n im a l, in s te a d  o f  r e s t in g  

on th e  an im al. Thus ru b b e r bands w ere needed to  h o ld  th e  c ap su le  

o n to  th e  a n im a l 's  b e l ly .  The bands had t o  be on so t i g h t  t h a t  in ­

v a r ia b ly  p a l l o r  developed  under th e  c a p s u le ' s rim . A ttem pts were 

a l s o  made t o  h o ld  th e  cap su le  on th e  prone a n im a l 's  b e l ly  by hand. 

T h is  d id  n o t p roduce p a l l o r ,  b u t many movements, in c lu d in g  r e s p i r a -
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F ig u re  9* Schem atic d iagram  o f  th e  cap su le  system  used  f o r  th e  

measurem ent o f  CWL (C -  c a p s u le ,  1 -  d ry  a i r  c y l in d e r ,  2 -  Nalgon 

tu b in g ,  3 -  flo w m ete r, It -  d ry in g  column c o n ta in in g  6 mesh D r i e r i t e ,

5 -  l a t e x  tu b in g , 6 -  c o i le d  copper tu b in g ,  7 -  p re -d ry in g  g la s s  in ­

l e t  tu b e  c o n ta in in g  10-20 mesh D r i e r i t e ,  8 -  p e r fo ra te d  d i s c ,  9 -  

g la s s  o u t l e t  tu b e ,  10 -  T e flo n  tu b e ,  11 -  p o s t-d ry in g  tu b e  c o n ta in in g  

10-20 mesh D r i e r i t e ,  12 -  f la n g e ,  13 -  g la s s  r e t a in in g  h o o k s).

F ig u re  10. Schem atic d iagram  o f  th e  c a p su le  system  used  to  

m easure CWL in  v i t r o  (B -  b e a k e r , C -  c a p s u le , S -  s t i r  p l a t e ,  1 -  

i n l e t  tu b e ,  2 -  p e r fo ra te d  d i s c ,  3 -  ex h au s t tu b e ,  U -  f la n g e ,  5 -  

g la s s  r e t a in in g  hooks, 6 -  ru b b e r ban d , 7 -  s a l i n e ,  8 -  m agnetic  

s t i r  b a r ,  9 -  vacuum g re a s e , 10 -  f i l t e r  p a p e r , 11 -  s k in ) .
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t i o n ,  o f te n  caused  th e  s e a l  to  "break. However, two p a ire d  t e s t s  were 

s a t i s f a c t o r i l y  com pleted ; th e  one on c ro c o d ile  b e l ly  sk in  showed th a t  

CWL was h ig h e r  in  th e  p rone p o s i t io n  (8.0U v e rsu s  6 .0 0  m g /h r) , w h ile  

m easurem ents on to k ay  b e l ly  sk in  in d ic a te d  th e  re v e r s e  (0 .7 8  v e rsu s

1 .0 1  m g /h r).

The bottom  rim  o f  th e  cap su le  had a f la n g e  (12) to  which 

h ig h  vacuum g re a se  cou ld  be ev en ly  a p p l ie d .  The cap su le  was th e n  

p la c e d  on th e  an im al (o u ts id e  th e  BOD b o x ) , and th e  e n t i r e  a re a  s u r ­

ro u n d in g  th e  c a p s u le d  rim  was covered  w ith  h ig h  vacuum g re a se . The 

c a p su le  was th e n  secu red  in  p la c e  w ith  a lo o s e ly  f i t t i n g  ru b b e r band , 

and th e n  th e  an im al was p la c e d  in  th e  BOD box. The exh au st D r ie r i t e  

tu b e  was w eighed on a M e tt le r  H-20 b a la n c e  t o  th e  n e a r e s t  0 .0 1  m i l l i ­

gram , and th e  tu b e  was th e n  a t ta c h e d  t o  th e  ex h au st l a t e x  tu b in g  and 

t o  th e  c a p s u le . The i n l e t  l a t e x  tu b in g  was th e n  a t ta c h e d  to  th e  cap ­

s u le  and a  stopw atch  s t a r t e d .  The s e a l  was checked by com paring 

flow m eter re a d in g s  upstream  and downstream from th e  c a p su le . The 

b a lan c e  was zeroed  and th e  ex h au st D r i e r i t e  tu b e  w eighed a f t e r  two 

m in u te s . T h is  was re p e a te d  fo r  th e  n e x t fo u r  5-m inute i n t e r v a l s ,  

ex cep t t h a t  th e  i n l e t  l a t e x  tu b e  rem ained  co n n ec ted  t o  th e  c ap su le  

th ro u g h o u t. G e n e ra lly  w a te r lo s s  d e c re a se d  d u rin g  th e  f i r s t  tw e lv e  

m inu tes  and s t a b i l i z e d  fo r  th e  l a s t  two 5-m inute  ru n s . The av erage  

o f  th e  l a s t  two ru n s  was used  t o  p re s e n t  th e  d a ta ,  u n le s s  o th e rw ise  

s p e c i f ie d .  B io p s ie s  were ta k e n  from  v a r io u s  a re a s  and p re p a re d  f o r  

h i s t o l o g i c a l  ex am in atio n .

2 . In  V itro

I t  was d i f f i c u l t  to  keep th e  cap su le  a t ta c h e d  even to  an­

e s th e t iz e d  an im a ls . C apsule d e te rm in a tio n s  on s k in ,  w h ile  s t i l l  a t -
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ta c h e d  to  a  dead a n im a l, caused  th e  sk in  to  d e h y d ra te . T here­

f o r e ,  sk in  was e x c is e d  from  f r e s h ly - k i l l e d  a n im a ls , and mea­

su re d  i l l  v i t r o  in  an a g i t a t i n g  system  (w hich k e p t th e  derm is 

m o is t ).

The in  v i t r o  c a p su le  system  i s  i l l u s t r a t e d  in  f ig u r e  10 . 

E x c ised  sk in  ( l l )  was su p p o rted  on f i l t e r  p a p e r (10) m o istened  

w ith  p h y s io lo g ic a l  s a l i n e .  The c a p su le  (C) was p la c e d  on th e  

s k in ,  and th e n  th e  c a p su le  and f i l t e r  p aper w ere p la c e d  on a 

b e ak e r (B) o f  p h y s io lo g ic a l  s a l i n e  w hich c o n ta in e d  a  m agnetic  

s t i r  b a r  ( 8 ) .  The c a p su le  was a t ta c h e d  to  th e  b eak e r by ru b b e r 

bands w hich spanned g la s s  f la n g e s  on b o th  p a r t s  (5 )-  The e n t i r e  

complex was p u t on a  s t i r  p l a t e  (S) in  a  BOD box. The r e s t  o f  

th e  p ro ced u re  was e x a c tly  th e  same as  in  in  v iv o  c a p su le  d e te r ­

m in a tio n s , d is c u s s e d  above. A f te r  th e  ru n s  a  la r g e  c e n t r a l  ne­

c ro p sy  was ta k e n  and p re p a re d  h i s to l o g i c a l l y .

SECTION IV. MATERIALS TESTING

A. TUBING

S e v e ra l s tu d ie s  which m easured th e  p e rm e a b il i ty  o f  s k in  i n d i ­

c a te d  t h a t  some m a te r ia l s  a r e  in a p p ro p r ia te  f o r  u se  in  such mea­

s u r in g  system s (B aker and KLigman, 1967; Burch and W insor, 19^6; 

Cohen, 1975).

O r ig in a l ly  l a t e x  tu b in g  was used  th ro u g h o u t, b u t e a r ly  r e s u l t s  

in d ic a te d  t h a t  a l l  o rg a n ic  tu b in g  i s  c o n s id e ra b ly  perm eable  to  f l u ­

id s .  I  was a b le  to  o b ta in  th e  m a n u fa c tu re r 's  t e s t e d  p e rm e a b il i ty  

v a lu e s  f o r  two ty p e s  o f  tu b in g  ( t a b l e  2 ) .  These v a lu e s  d id  n o t a g ree



T able  2 . M an u fac tu re r ' s  quo ted  p e rm e a b il i ty  v a lu e s  o f  two 

ty p e s  o f  tu b in g  t o  s e v e ra l  f l u i d s .

Tygon

T eflo n

h2o co2 o2

m g /l0 0 in 2/m il/d a y  c c /1 0 0 in 2/m il/d a y  c c /1 0 0 in 2/m il/d a y

19U 9T0 7

Uooo 1670 750
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w ith  my o b s e rv a tio n s . T h e re fo re , th r e e  p ro ced u res  were d esig n ed  to  

t e s t  th e  r e l a t i v e  p e r m e a b i l i t ie s  o f  v a r io u s  ty p e s  o f  tu b in g . T e s ts  

were made in  p a r a l l e l  on a t  l e a s t  two d i f f e r e n t  ty p e s  o f  tu b in g .

P ro cedure  One: Knots were t i e d  in  w a te r f i l l e d  f l e x i b l e  tu b in g

and th e  r a t e  o f  w a te r  lo s s  de term in ed  by d i r e c t  w eighing  a t  a p p ro x i­

m a te ly  d a i ly  in t e r v a l s  ( tu b in g  t e s t e d  -  Tygon 3 /8  in c h  OD, l a t e x  3 /8  

in c h  OD),

P rocedure  Two: A ir was p a sse d  th ro u g h  tu b in g  u sed  t o  connect 

two D r i e r i t e  tu b e s .  A f te r  th e  tu b in g  was th o ro u g h ly  d r i e d ,  th e  a i r  

flow  was shu t o f f  and th e  system  allow ed  to  rem ain  o v e rn ig h t. I t  was 

th e n  f lu s h e d  w ith  d ry  a i r ,  and th e  g ra v im e tr ic  d if f e r e n c e  in  th e  ex­

h a u s t D r i e r i t e  tu b e  de term in ed  ( tu b in g  t e s t e d  -  3 /8  in c h : l a t e x ,

N algon, n eo p ren e , and s i l i c o n e ) .

P rocedure  T hree: Tubing was u sed  t o  connect two D r ie r i t e  tu b e s ,

and a i r  was c o n s ta n t ly  m etered  th ro u g h . The g ra v im e tr ic  change in  

th e  ex h au s t D r i e r i t e  tu b e  was de term in ed  f o r  s e v e ra l  i n t e r v a l s  ( tu b ­

in g  t e s t e d  -  3 /8  in c h  OD: l a t e x ,  Nalgon and s i l i c o n e ;  and l A  in ch

OD: l a t e x  and T e f lo n ) .

The r e s u l t s  o f  some o f  th e s e  t e s t s  a re  g iven  in  t a b l e  3 , and may 

be summarized as  fo llo w s . P rocedu re  One showed t h a t  Tygon tu b in g  

l o s t  w eigh t tw ice  as  f a s t  as  a  s im i la r  le n g th  o f  l a t e x  tu b in g , t h i s  

was confirm ed  by P rocedure  T hree . From P rocedu re  Two, one may in f e r  

t h a t  s i l ic o n e  tu b in g  i s  h ig h ly  perm eable t o  w a te r v a p o r; and th a t  

l a t e x  and neoprene tu b in g  were s l i g h t l y  l e s s  perm eable  th a n  Nalgon 

tu b in g . But P ro cedu re  Three c l e a r ly  in d ic a te d  th a t  Nalgon has a  low­

e r  p e rm e a b il i ty  th a n  la t e x  (se e  t a b l e  3 ) .  By P ro cedure  Three i t  was 

a l s o  determ ined  t h a t  s i l i c o n e  tu b in g  was h ig h ly  perm eable  t o  w a te r
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T able  3. P o s t D r i e r i t e  g a in  ( in  mg) from  73 cm le n g th s  o f  

l a t e x  and Nalgon tu b in g s .a

Length o f  c o n se c u tiv e  tim e  p e r io d s  ( in  m in u te s ) .

33 30 U5 100 60 60

L atex  0 .3  0 .6  1 .0  1 .6  0 .7  0 .^

Nalgon 0 .2  0 0 .5  0 .6  - 0 .1  0

a am bient c o n d itio n s  25°C, 50# RH, f lo v :  200 cc /m in .
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v a p o r , t h a t  t h in  l a t e x  was r e l a t i v e l y  perm eable to  w a te r , and th a t  

t h i n  T e flo n  tu b in g  was n o t .  T h e re fo re , i n  p la c e s  n o t r e q u i r in g  f l e x ­

i b i l i t y  T e flo n  tu b in g  was u sed . When f l e x i b i l i t y  was r e q u ire d  e i ­

t h e r  l a t e x  o r  Nalgon tu b in g  was u se d , depending  on s p e c i f ic  r e q u i r e ­

m en ts .

B. MEMBRANES

The p e rm e a b il i ty  o f  membrane m a te r ia ls  ( l / 6 h  in c h  neoprene and 

l a te x )  was determ ined  by s e p a ra t in g  two P le x ig la s  chambers w ith  th e s e  

m a te r ia l s .  One o f  th e  chambers had d r ie d  a i r  m etered  th ro u g h , w h ile  

h u m id if ie d  a i r  (bubb led  th ro u g h  w a te r)  was m etered  th ro u g h  th e  o th e r  

cham ber. The amount o f  m o is tu re  abso rbed  by th e  d ry  a i r  cham ber’ s ex­

h a u s t tu b e  ap p ro x im a te ly  e q u a ls  th e  amount o f  w a te r vapor p e n e tr a t in g  

th e  membrane. Neoprene and l a t e x  have ap p ro x im a te ly  th e  same perme­

a b i l i t y ,  b u t s in c e  neoprene was s t r o n g e r ,  and d id  n o t d i s t o r t  a f t e r  

a p p l ic a t io n  o f  g re a s e , i t  was th e r e f o r e  th e  m a te r ia l  o f  c h o ice .

C. COMPARTMENT

O r ig in a l ly  th e  com partm ents w ere c o n s tru c te d  o f  P le x ig la s  and 

o th e r  a c r y l i c s ,  b u t th e y  were found t o  be u n s a t i s f a c to r y .  W ith 

p l a s t i c s ,  a l l  s e a ls  were made by m e ltin g  th e  opposing  s u r fa c e s  w ith  

ch lo ro fo rm  o r o th e r  p l a s t i c  bonding a g en ts  b e fo re  co n n ec tin g  them.

The co n n ec tio n  betw een th e  doughnut shaped end p la te s  and th e  c y l­

in d e rs  o f te n  c rack ed  w h i ls t  th e  two com partm ents were b e in g  b o l te d  

to g e th e r .  The p e rsp ex  chambers w ere checked f o r  le a k s  by im m ersion 

in  w a te r w h ile  a  h ig h  r a t e  o f  a i r  flow  was p a ssed  th ro u g h  them .

C racks were d i f f i c u l t  t o  s e a l  perm anen tly  and g e n e r a l ly  th e  two



-5 6 -

p a r t s  had to  he s e p a ra te d  and r e f in i s h e d  b e fo re  re a tta c h m e n t. The 

b ra s s  chamber was a ls o  p e r io d ic a l ly  checked f o r  le a k s  in  th e  same 

m anner.

The m a n u fa c tu re r 's  s t a t e d  p e rm e a b il i ty  o f  P le x ig la s  t o  w a te r  i s :

3 .2  X 10-8 gm cm/cm2/mm H g/hr a t  73°F. A c lo se d  c y l in d r ic a l  cham­

b e r  was c o n s tru c te d  o f  a c r y l ic  and two h o le s  w ere d r i l l e d  a t  one end 

th ro u g h  which g la s s  i n l e t  and ex h au s t tu b e s  were f irm ly  a t ta c h e d  by 

means o f  a  ru b b e r bung. D r i e r i t e  tu b e s  were co n n ec ted  t o  th e  i n l e t  

and exh au st tu b e s  v ia  a  v e ry  s h o r t  le n g th  o f  Nalgon tu b in g ,  and a i r  

was m etered  th ro u g h  a t  200 cc /m in . A f te r  e q u i l ib r a t io n  th e  p o s t  

D r i e r i t e  tu b e  g a in ed  0 .5  m g/hr. T h is g iv e s  a c a lc u la te d  P le x ig la s  

p e rm e a b il i ty  o f  2 .2  X 10”7 gm cm/cm2/mm H g/hr a t  room te m p e ra tu re  

(ap p ro x im a te ly  23°C). At 28°C th e  r a t e  went up to  k .6  X 10“ 7 gm 

cm/cm2/ram H g/h r. I f  th e  chamber v as  d r ie d  and l e f t  o v e rn ig h t i t  a c ­

cum ulated 0 .63  m g/hr. P le x ig la s  p e rm e a b il i ty  would accoun t f o r  an 

a r t i f a c t u a l  r a t e  o f  CWL o f  8 m g/0.5  h r  u s in g  a  s ta n d a rd  s iz e d  chamber 

under norm al ex p e rim en ta l c o n d i t io n s . I f  th e  a n im a l 's  r a t e  o f  CWL 

were 20 m g/0 .5  h r ,  a lm ost 30% o f  th e  e f f lu e n t  w a te r p ic k ed  up by th e  

D r i e r i t e  would have come in to  th e  chamber th ro u g h  i t s  w a l l s .

P e r io d ic a l ly  P le x ig la s  and b ra s s  chambers were t e s t e d  under d ry  

run  c o n d it io n s ;  t h a t  i s ,  an empty chamber w ith  th e  norm al experim en­

t a l  s e tu p , ex cep t t h a t  a  s o l id  neoprene membrane s e p a ra te d  th e  two 

com partm ents. Two ex p e rim en ta l p ro ced u res  w ere employed:

P ro cedu re  One: The chamber was th o ro u g h ly  d r ie d  and l e f t  o v e r­

n ig h t  and th e n  f lu s h e d  th e  n ex t m orning w ith  d ry  a i r .

P ro cedure  Two: The r a t e  o f  w a te r lo s s  was de term in ed  by w eigh­

in g  th e  ex h au s t D r i e r i t e  tu b e  a t  r e g u la r  i n t e r v a l s .
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S ince  th e  P le x ig la s  and b ra s s  cbamhers were th e  same s iz e  and 

sh ap e , th e  r e s u l t s  a re  d i r e c t l y  compared in  t a b l e  U. S ince  b ra s s  i s  

much more im perm eable th a n  th e  a c r y l i c ,  i t  i s  th e  m a te r ia l  o f  c h o ic e .

D. ABSORBENT

I n d ic a t in g  D r i e r i t e  o f  e i t h e r  8 mesh o r  10-20 mesh was u sed  to  

c a p tu re  w a te r v a p o r. There a re  s e v e ra l  obv ious ad v an tag es  in  u s in g  

D r i e r i t e :  l )  i t  i s  cheap; 2) i t  i s  r e a d i ly  a v a i la b le  in  co n v en ien t

mesh s i z e s ;  3) i t  i s  s a fe  t o  h a n d le ; U) i t  i s  e a s i l y  re g e n e ra te d , 

lo s in g  absorbed  m o is tu re  when i t  i s  h e a te d ; and 5) th e  p ro ced u re  i s  

s im p le . Large D r ie r i t e  tu b e s  ab so rb ed  9 6 -9 9 -9% o f  th e  t o t a l  w a te r 

p re s e n te d , and a t  m oderate flow  r a te s  (200-^00 cc/m in) a mean o f  99% 

was o b ta in e d . I f  sm all D r i e r i t e  tu b e s  a re  f r e s h ,  th e y  abso rb  an 

e q u a lly  h ig h  p e rc en ta g e  o f  p re s e n te d  w a te r . F lu sh in g  ( th a t  i s ,  th e  

lo s s  o f  abso rbed  m o is tu re  w ith  th e  c o n tin u e d  movement o f  d ry  a i r )  

seems to  o ccu r o n ly  when th e  D r ie r i t e  absorbed  c o n s id e ra b le  m ois­

t u r e ,  a lth o u g h  i t  was more common a t  h ig h  flow  r a t e s .

E. FLOWMETER

The flow m eters (V is -F lo  "ISO” s e r i e s ,  K o n tes, V in e lan d , R. J . )  

d id  n o t a c c u ra te ly  r e f l e c t  th e  a c tu a l  flow  o f  gas as  de term in ed  by 

w a te r d isp la ce m e n t. An o i ly  f i lm  o f te n  developed  on th e  f lo w m e te r 's  

s t a i n l e s s  s t e e l  b a l l ,  and caused  i t  t o  s t i c k .  In  a d d i t io n ,  th e  me­

t e r i n g  b a l l  had a  tendency  t o  s e t t l e  even i f  th e  flow  r a t e  was h e ld  

c o n s ta n t .  T h e re fo re , body compartment a i r  flow  was p a sse d  th ro u g h  a  

wet t e s t  m ete r (P re c is io n  S c i e n t i f i c  Model #63111) b e fo re  b e in g  r e ­

le a s e d  in to  th e  la b o ra to ry .  The t o t a l  flow  o f  a i r  p a s s in g  th ro u g h
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Table U

P le x ig la s

B rass

Mean "w ate r lo s s "  f o r  a c r y l i c  and b ra s s  chambers 

under d ry  run  c o n d it io n s .

P ro ced u re  One 

( t o t a l  accum ula tion )

P rocedure  Two 

(a llo w ed  a t  l e a s t  2 h r  p re -d ry )

3^.6 mg (n = 3) 

2.7*1 mg (n = 3)

5.55 m g/0.5  h r  (n = 11) 

0 .15  m g/0.5  h r  (n = 15)
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th e  wet t e s t  m eter was d iv id e d  "by th e  tim e  i n t e r v a l ,  and th u s  th e  

av erag e  flow  r a t e  was d e te rm in ed . A lthough th e  m a n u fa c tu re r 's  s t a t e d  

range  was 56 . 6- 566 .O l i t e r s / h r  (2 -20  cub ic  f e e t / h r ) ,  in  f a c t  th e  me­

t e r  was a c c u ra te  a t  much low er flow  r a t e s  as  de term in ed  by w a te r d i s ­

p lacem ent (s e e  t a b l e  5 ) .

SECTION V. REMOVAL OF EPIDERMAL CORNEOUS MATERIALS

A. INTRODUCTION

A number o f  in v e s t ig a t io n s  on human sk in  have u sed  c e llo p h an e  

ta p e  to  remove p a r t s  o f  th e  ep id erm is  (E rik sso n  and Lamke, 1971; 

M ato ltsy  e t  a l . , 1962; S p r u i t ,  1970). This p ro ced u re  a llo w s d e te rm i­

n a t io n  o f  which l a y e r ( s )  c o n s t i tu t e  th e  b a r r i e r  a g a in s t  m o is tu re  

lo s s  (S ch e u p le in , 1972).

B. PROCEDURE

Of a  number o f  b ran d s t e s t e d ,  Tuck 1 /2  in c h  wide ce llo p h an e  

ta p e  (Tuck I n d u s t r ie s  I n c . ,  New R o c h e lle , N. Y .) was th e  most e f ­

f e c t i v e .  The ta p e  was a p p lie d  s t ic k y  s id e  down on to  th e  sk in  s u r ­

f a c e ,  and th e n  pushed in to  c re v ic e s  to  th e  g r e a te s t  d eg ree  p o s s ib le  

w ith  th e  f i n g e r n a i l .  The ta p e  was removed from p o s te r io r  to  a n te ­

r i o r ,  and b e t t e r  s t r i p s  w ere e f f e c te d  by r a p id  r a th e r  th a n  by th e  

slow  p ro ced u re  recommended f o r  human sk in  (Weigand and G ay lo r, 1973). 

The ta p e  was examined a f t e r  rem oval t o  check f o r  th e  p re sen c e  o f  

corneous m a te r ia l s ;  some p ie c e s  o f  s t r ip p e d  m a te r ia l  w ere examined 

m ic ro s c o p ic a lly  a cco rd in g  to  th e  te c h n iq u e  o f  Jen k in s  and T h es ise  

( 1969 )* As w i l l  be d e sc r ib e d  below , th e  c e llo p h an e  s t r ip p in g  te c h -
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T able  5* A ir flow  d e term ined  by a  wet t e s t  m eter and by w a te r

d isp lacem en t.

Flow r a t e  (cc /m in ) 

C a lc u la te d  from 109 178 207 786

wet t e s t  m eter

M easured by w a te r 

d isp lacem en t

101 180 219 820
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n ique  i s  in h e r e n t ly  v a r ia b le  when a p p lie d  to  r e p t i l e  s k in ,  b u t u s u a l­

l y  a f t e r  UO a p p l ic a t io n s  o f  ta p e  an a d eq u a te ly  la r g e  number o f  s c a le s  

a re  a f f e c te d .



RESULTS

SECTION I .  THE RELATIONSHIP BETWEEN BODY WEIGHT AND CWL

The r e la t io n s h ip  betw een CWL and body w eigh t was de te rm in ed  by 

c a lc u la t in g  a  l e a s t  sq u ares  r e g re s s io n  f o r  each  o f  e ig h t  to k a y s , each  

m easured once p e r  c y c le  d u rin g  th e  r e s t i n g  phase  (3 -5  days p o s t - s h e d ) ,  

f o r  s e v e ra l  c y c le s  (mean: 5 .9  c y c le s ) .  B io p s ie s  ta k e n  d u rin g  th e

day th e  an im als were m easured alw ays re v e a le d  a  r e s t i n g  c o n d itio n  

( p e r f e c t  o r  l a t e  r e s t i n g  s t a g e s ) .  Runs were c a r r ie d  o u t a t  a  flow  

r a t e  o f  200 cc /m in . The a n im a ls ' c lo a c a s  were ta p e d , and th e y  had 

a c c e ss  to  w a te r , b u t n o t fo o d , from th e  tim e  o f  sh ed d in g . The d a ta  

u sed  were th e  s in g le  h a l f  h o u r ly  ru n s ,  o r  th e  mean o f  th e  f i r s t  two 

h a l f  h o u rly  ru n s  fo llo w in g  a  1 .5  hour p re -d ry in g  p e r io d . W eight and 

CWL were lo g  tra n s fo rm e d  f o r  th e  a n a ly s is .  The s lo p e  fo r  th e  r e g r e s ­

s io n s  ranged  from -1 .7 6 8  to  3 .925 (mean: 0 .6 7 3 ) . None o f  th e  r e ­

g re s s io n s  accoun ted  f o r  a  s ig n i f i c a n t  p o r t io n  o f  th e  v a r ia n c e  in  CWL 

w ith in  each an im al. A r e g re s s io n  was th e n  c a lc u la te d  f o r  th e  group 

as  a  whole u s in g  th e  lo g  mean CWL and th e  lo g  mean w eigh t f o r  each  

an im a l. The r e s u l t s  o f  t h i s  r e g re s s io n  a re  r e p o r te d  in  f ig u r e  11 

and t a b l e  6 . The exponent o f  t h i s  e q u a tio n  i s  n o t s i g n i f i c a n t l y  d i f ­

f e r e n t  from th e  exponent u sed  t o  r e l a t e  s u r fa c e  a re a  t o  body w e ig h t. 

In d iv id u a l  m easurem ents were e x p re ssed  in  te rm s o f  s u r fa c e  a re a  by 

u s in g  th e  e q u a tio n : SA = 10W0*67 (where SA i s  s u r fa c e  a re a  in  cm2 ,

and W i s  w eigh t in  g ram s). A Model I I  ANOVA on th e  tra n s fo rm e d  d a ta  

showed t h a t  th e  group v a r ia n c e  was n o t s i g n i f i c a n t l y  g r e a te r  th a n  

th e  in d iv id u a l  ( in t e r c y c le )  v a r ia n c e  (Fs = 0 .8 3 7 ) .

-62-
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F ig u re  11. The r e la t io n s h ip  betw een lo g  CWL and lo g  body w eigh t 

f o r  Igiiann ig u an a  (open c i r c l e s ) ,  E laphe o b s o le ta  q u a d r iv i t t a t a  ( open 

s q u a r e s ) ,  and Gekko gecko (open t r i a n g l e s ) .



LOG CW L (M G/.5HR)

r
o
0fH
o
z<n



Table 6. Log CWL/log body weight regression parameters for three squamates.

S pec ies N

R eg ress io n  

c o e f f i c i e n t  (b)

5 confidence 
limits of b

Y in te r c e p t  

( a ,  in  lo g  u n i t s )

S ig n if ic a n c e  

o f  r e g re s s io n

Gekko 8

Iguana  10

E laphe 12

0.707
0.893
0.271

0.628  -  0.786

0.815 - 0.971 
-O.269 -  0.811

0.007
- 0.290

1.196

P < 0.001 
P < 0.001

0.2 < P < 0.1*
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T able  6 and f ig u r e  11 alBO show a r e g re s s io n  f o r  a  lo g  mean CWL 

and lo g  mean w eigh t f o r  10 ig u a n as . On th e  b a s i s  o f  w e ig h t, th e s e  

an im als f a l l  in to  two g ro u p s: sm all (n = U, 70-113 g ram s), and m id- g,

s iz e d  (n  = 6 ,  2&2-62k g ram s). A lso re p o r te d  i s  a  r e g re s s io n  o f  lo g  

CWL on lo g  w eigh t f o r  E lap h e , however in  t h i s  in s ta n c e  each  p o in t  

r e p re s e n ts  o n ly  one m easurem ent. For b o th  Iguana  and E laphe th e  flow  

r a t e  was 200 c c /m in u te , c lo a c a s  were ta p e d , and th e  s ta g e  in  th e  e p i­

derm al shedd ing  c y c le  in  each an im al was d e te rm in ed .

The d i f f e r e n t  v a lu e s  and v a r i a b i l i t y  o f  th e  r e g re s s io n  c o e f f i ­

c ie n t s  fo r  th e s e  th r e e  squam ates w i l l  be  e x p la in e d  in  th e  d is c u s s io n  

(pp . 2 07 -210).

SECTION I I .  SHORT TERM FACTORS AFFECTING THE RATE OF CWL

A. ANESTHESIA, DEATH, AND KERATIN HYDRATION

T able  7 summarizes s e v e ra l  s e p a ra te  ex p erim en ts  in  w hich th e  

e f f e c t  o f  a  p a r t i c u l a r  v a r ia b le  on an a n im a l 's  r a t e  o f  CWL was ex­

amined by com paring r e s u l t s  o b ta in e d  b e fo re  and a f t e r  th e  t r e a tm e n t .  

The s ig n i f ic a n c e  o f  th e s e  r e s u l t s  was t e s t e d  by a p a i r e d  t - t e s t .

The r e s u l t s  show t h a t  n e i th e r  a n e s th e s ia  n o r even re c e n t  d ea th  s ig ­

n i f i c a n t l y  a f f e c te d  th e  r a t e  o f  CWL. A n e s th e s ia  was g iv en  a s  a  0 .5 $  

o r  2 .5$  Nembutol s o lu t io n  (25 mg/kg) in  s a l i n e  (0 .1 5  M N aC l). Some 

an im als  a l s o  re c e iv e d  5 mg/kg o f  a  0 .5$  s o lu t io n  o f  Valium to  po­

t e n t i a t e  th e  e f f e c t  o f  Nembutol. The a n e s th e t ic s  were in je c te d  su b - 

c u ta n e o u s ly  in  th e  g u la r  re g io n . To de te rm in e  th e  e f f e c t  o f  d e a th  

on CWL, a n e s th e t iz e d  an im als  were k i l l e d  e i t h e r  by an overdose  o f  

Nembutol ( a d d i t io n a l  75 mg/kg) a n d /o r  by o c c lu d in g  t h e i r  g l o t t i s



Table 7* CWL before and after various treatments for two reptile species.

Mean Mean

CWL CWL

S p ec ies Treatm ent N b e fo re a f t e r P ro b a b il i ty

Gekkoa A n esth e s ia 7 21.it 1 9 .8 P > 0 .05

Gekko^3 R ecent d e a th 15 1 .3 8 1 .59 P > 0 .0 5

Gekkoa H ydrat io n - r e s t 8 25.05 38.96 P < 0 .001

Gekkoa H y d ra tio n -re n e v a l 6 19 .12 22.48 0 .1  < P < 0

E laphea A n e sth e s ia 8 104.2 104.4 P > 0.05

E laphe8, R ecent d e a th 3 142 .1 126.9 P > 0 .05

a . Chamber d e te rm in a tio n s , m g/0.5 h r

b . C apsule d e te rm in a tio n s , m g/hr

s.
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w ith  a  g la s s  p lu g .

The an im als  u sed  f o r  th e  to k ay  c a p su le  d e te rm in a tio n s  were s tu ­

d ie d  a t  th e  end o f  an u n re la te d  en d o crin e  ex p erim en t. These an im als 

w ere e i t h e r  i n t a c t ,  th y ro id e c to m iz e d , hypophysectom ized , o r  th y r o id -  

ectom ized  and hypophysectom ized; and a c c lim a te d  t o  e i t h e r  28°C or 

32°C. The s u r g ic a l  t re a tm e n ts  were n o t o b v io u s ly  c o r r e la te d  t o  th e  

a b so lu te  d i f f e r e n c e  in  CWL n o r t o  th e  d if f e r e n c e  in  CWL b e fo re  and 

a f t e r  s a c r i f i c e .

The h y d ra tio n  ex p erim en ts  r e p o r te d  in  t a b l e  7 in v o lv ed  f i r s t  

m easuring  norm al CWL, th e n  im m ersing th e  a n im a l 's  body in  d i s t i l l e d  

w a te r a t  30°C fo r  two h o u rs , b l o t t i n g  th e  an im al d ry  and th e n  remea­

s u r in g  CWL. The an im als  were a r b i t r a r i l y  d iv id e d  in to  two groups a c ­

c o rd in g  to  th e  phase  in  th e  shedd ing  c y c le :  r e s t  (0 to  k days p o s t ­

shed) and renew al ( lh  to  2 days p re - s h e d , s ta g e s  3 -5 ) .  The range  in  

th e  change in  CWL fo r  an im als in  th e  r e s t i n g  s ta g e  was lU .2-280$ in ­

c r e a s e ,  w h ile  f o r  th e  an im als  i n  th e  ren ew a l phase  th e  change ran g ed

from  a 6.5% d e c re a se  t o  a  6 6 .8% in c r e a s e .  A one t a i l e d  Mann-Whitney 

U t e s t  showed t h a t  th e  an im als in  th e  r e s t i n g  phase  have a  s i g n i f i -  

c a n tl y  gr e a t e r  (P ^  0 .0 2 5 ) in c re a s e  f o r  t h i s  t re a tm e n t th a n  an im als 

in  th e  ren ew a l p h ase . There was no r e l a t i o n  betw een th e  m agnitude o f

change and th e  s p e c i f ic  s ta g e  in  th e  renew al phase  n o r t o  body w eigh t

H is to lo g ic a l  sam ples were ta k e n  o f  h y d ra te d  s k in  s i t e s  in  a 

d i f f e r e n t  group o f  to k ay s  d u rin g  many s ta g e s  o f  th e  shedd ing  c y c le .  

H y d ra tio n  d id  n o t have any obvious e f f e c t  on th e  h is to lo g y  o f  th e  

renew al m a te r ia l  ( f ig u r e s  12 and 1 3 ) . However, an im als  in  p o s t-s h e d  

o r  p e r f e c t  r e s t  c o n d itio n s  had sw o llen  a lp h a  t i s s u e  and s u p ra b a sa l 

l i v i n g  la y e r s  ( f ig u r e  lU ) . B io p s ie s  ta k e n  a  day l a t e r  s t i l l  showed
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F ig u re  12. Photom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

G. gecko s k in  ( s ta g e  2) a f t e r  a  two hour im m ersion in  w a te r . For 

symbols and c o n tro l  m a te r ia l  see  f ig u r e  2 . (X U00).

F ig u re  13. P hotom icrograph th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

G. gecko s k in  (mid s ta g e  U) a f t e r  a  two hour im m ersion in  w a te r . For 

symbols and c o n tro l  m a te r ia l  see  f ig u r e  3. (X 500).

F ig u re  lU . Photom icrograph th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

G. gecko s k in  (p o s t-sh e d  c o n d itio n )  a f t e r  a  two ho u r im m ersion in  

w a te r . The b e ta  la y e r  has a r t i f a c t u a l l y  s p l i t  away from th e  u n d e r ly ­

in g  ep id erm is  and i s  n o t r e p re s e n te d  in  t h i s  f ig u r e .  Mote th e  i r r e ­

g u la r  co n to u r and sw o llen  c o n d it io n  o f  th e  a lp h a  la y e r  and th e  p re ­

sum ptive a lp h a  c e l l s .  For symbols and c o n tro l  m a te r ia l  see  f ig u r e  1. 

(X 500).

i c m ,
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s ig n s  o f  an u n u su a l c o n d it io n .

B. AMBIENT HUMIDITY

1 , Changing F lo v  R ate

The r e l a t io n s h ip  betw een am bient h u m id ity  and CWL can be de­

duced by v a ry in g  th e  r a t e  o f  a i r  flow . T h is i n d i r e c t l y  changes th e  

am bient w a te r vapor p r e s s u r e .  T ab le  8 shows th e  r a t e  o f  CWL f o r  a  

number o f  an im als  m easured a t  an a i r  flow  r a t e  o f  200 c c /m in , and a t  

l e a s t  one o th e r  flow  r a t e .  In  a l l  c a se s  th e  neck s e a l  was i n t a c t  

d u rin g  th e  m easurem ent. S ince  d o u b lin g  th e  flow  r a t e  h a lv e s  th e  am­

b ie n t  w a te r vapo r p re s s u re  in  th e  cham ber, t h i s  would seem to  double 

th e  c o n c e n tra tio n  g ra d ie n t  and th e r e f o r e  sh o u ld  double CWL.

A lthough CWL was o f te n  g r e a te r  a t  th e  h ig h e r  a i r  flow  r a t e ,  

a  sim ple  r e l a t io n s h ip  betw een a i r  flo w  (and th u s  i n d i r e c t l y  am bient 

w a te r vapo r p re s s u re )  and CWL was no t found .

2 . Changing M easuring Hum idity

a . Chamber

An a tte m p t was made to  a s c e r t a in  th e  r e l a t io n s h ip  be­

tw een CWL and am bient h u m id ity , by h u m id ify in g  th e  incom ing a i r  by 

b u b b lin g  i t  th ro u g h  v a r io u s  s a tu r a te d  s a l t  s o lu t io n s  o f  known r e l a ­

t i v e  h u m id ity  (W inston and B a te s , I9 6 0 ; see  t a b le  9 )-

The p ro ced u re  was to  bubb le  d ry  a i r  th ro u g h  an a g i t a t e d  

th r e e  l i t e r  f l a s k  o f  a  s u p e r s a tu ra te d  s a l t  s o lu t io n  which was t h e r ­

m ally  e q u i l ib r a te d  a t  30°C. T h is a i r  was p a sse d  in to  th e  chamber 

f o r  1 .5  h o u rs  t o  a llo w  e q u i l i b r a t i o n .  The ex h au s t D r i e r i t e 's  change 

in  w eigh t f o r  th e  n ex t h a l f  hour was re c o rd e d . T h is change was due 

t o  w a te r e n te r in g  th e  chamber from th e  s a l t  s o lu t io n  p lu s  th e  a n i -
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T able  8 . CWL (m g/0.5 h r )  a t  s e v e ra l  d i f f e r e n t  flow  r a t e s  

f o r  two squaraate s p e c ie s .

Approxim ate flow  r a t e  (cc /m in )

Animal # 50 200

Tokay 1 l 6 . 3 a 21 .0

Tokay 2 25 .9

Tokay 3 2 k . 9

Tokay 1* 19-7

Tokay 5 12 .6

E laphe 1 65 .8

1*00 800 1000

30.5

1*0.8  3^.1

30 .5

1 1 .8  12.2

68.9

a . Not f u l l y  e q u i l ib r a te d



T able  9. The e f f e c t  o f changes in  m easuring  h u m id ity  on chamber d e te rm in a tio n s o f  CWL.

S o lu tio n 1 2 3 k 5 6 7 8 9 10 11 12

KAC 22 193.3 5.U 0.0056 18 .5 177*6 55.6 0 . 010U 3 k .3 0 . 00U8 0.0200 0 . 2k

Ca(N03 )2 U7 - 1 3 .1 o .o ik o 8. H6.7a 168.9 103.9 0.0205 67 .5 0.0065 0.0099 0 .66

NaN02 63 18U.8 19-3 0.0208 68 .5 180.0 126.7 0.0235 77. k 0.0027 0.0069 0 .39

HaCl 7 5 .5 179.6 2 0 .9 0.0233 7 6 .8 179.2 13 k .6 0.0250 82. k 0.0017 0.005^ 0 .3 2

86.5 181.9 25-7 0.0283 93.2 175.0 151.9 0.0289 95-2 0.0006 0.0015 O.kO

Dry A ir 0 180 .0 0.05 0.0001 0 .3 181.5 19 .6 0.0036 11 .9 0.0035 0.0303 0 .12

1 : W inston & B ates RH a t  30°C. 2 : 5 min flow  (c c /m in ) . 3 : W ater g a in  (mg/5 m in ). k : 5 min

w a te r vapor c o n te n t (m g /cc ). 5 : 5 min c a lc u la te d  RH. 6 : Run flow  (c c /m in ) . 7 : W ater g a in
"b c(m g/0.5  h r ) .  8: E x it  vapor (m g /cc). 9 : E x i t  RH. 10: CWL (m g /cc ). 11: AC . 12: K .

a . Assuming 5 min flow  o f  185 cc/m in

b . C o n ce n tra tio n  g ra d ie n t  mg/cc a i r

c . P e rm e a b ili ty  c o n s ta n t ,  cm /hr
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m a l 's  CWL. A f te r  th e  ru n , a  f iv e  m inu te  m easure o f  th e  w a te r c o n te n t 

o f  th e  a i r  le a v in g  th e  s a l t  s o lu t io n  was de te rm in ed  by p la c in g  a  D r i-  

e r i t e  tu b e  J u s t  b e fo re  th e  a i r  e n te re d  th e  chamber. S ince  th e  flow  

r a t e  was m easured , th e  w a te r  c o n te n t o f  th e  a i r  and th e r e f o r e ,  th e  

r e l a t i v e  hum id ity  o f  th e  a i r  cou ld  be c a lc u la te d .  The w a te r vapor 

c o n te n t o f  th e  a i r  e n te r in g  th e  chamber was s u b tr a c te d  from th e  w a te r 

c o n te n t o f  th e  a i r  p a s s in g  ou t o f  th e  cham ber. The d i f f e r e n c e  i s  th e  

w a te r  vapor l o s t  by th e  anim al p e r  cc o f  a i r .  S ince  th e  e x i t  hum idi­

t y  i s  ap p ro x im ate ly  th e  same as t h a t  su rro u n d in g  th e  an im al (L asiew - 

s k i  e t  a l . ,  1966a ) ,  one can d e term ine  th e  c o n c e n tra t io n  g r a d ie n t ,  i f  

one assumes t h a t  th e  lo w est la y e r s  o f  th e  b a r r i e r  a re  s a tu r a te d  w ith  

w a te r v ap o r. The t o t a l  CWL would be g iv en  by :

J  = KAC s

where AC i s  th e  c o n c e n tra t io n  g ra d ie n t  and K i s  th e  p e rm e a b il i ty  con­

s t a n t .  K can be de term in ed  fo r  th e  a n im a l 's  sk in  f o r  each s o lu t io n .  

U n fo r tu n a te ly  no m easurem ent f o r  th e  f iv e  m inu te  a i r  flow  f o r  th e  

ca lc ium  n i t r a t e  ru n  was made. For a l l  c a lc u la t io n s  co n ce rn in g  t h i s  

s o lu t io n  a  flow  r a t e  o f  185 cc /m in u te  was assum ed.

The r e s u l t s  o f  t h i s  experim en t in d ic a te  t h a t  i f  th e s e  

assum ptions a re  v a l i d ,  th e  p e rm e a b il i ty  c o n s ta n t d i f f e r s  w ith  each 

s o lu t io n  o r  h u m id ity .

b . C apsule

In  v i t r o  c a p su le  d e te rm in a tio n s  o f  CWL were made on 

p o s t- s h e d  s k in  a t  two d i f f e r e n t  m easuring  humi d i t i e s . For a l l  r u n s ,  

th e  system  was p r e - d r i e d  f o r  20 t o  25 m in u te s , and th e  mean o f  th e  

n e x t fo u r  5-m inute ru n s  was u sed . The flow  r a t e  was de term in ed  w ith  

a  w et t e s t  m eter o n ly  once d u rin g  t h i s  s e r i e s  o f  m easurem ents. The
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r e s u l t s  a re  r e p o r te d  in  ta b le  10 . Note t h a t  in  t h i s  case  th e  perme­

a b i l i t y  c o n s ta n ts  a re  ap p ro x im a te ly  th e  same in  th e  tv o  s o lu t io n s ,  

and d i f f e r  s u b s t a n t i a l l y  from th o s e  c a lc u la te d  from th e  chamber d a ta .  

T h is d is c re p a n c y , and th e  r e l a t i o n s h ip  betw een CWL and th e  m easuring  

h u m id ity , w i l l  be e x p la in e d  in  th e  d is c u s s io n  (p . 1 9 9 ) .

3. Changing A cc lim atio n  Hum idity

Anim als were p la c e d  in  p l a s t i c  boxes on w ire  mesh su p p o rts  

over D r i e r i t e ,  w a te r , o r  a i r .  Calcium  n i t r a t e  was a ls o  t r i e d ,  b u t 

a l l  fo u r  an im als  p la c e d  in  t h i s  environm ent d ie d  w ith in  a week in  

s p i t e  o f  th e  f a c t  t h a t  c o n ta c t w ith  th e  s o lu t io n  seemed p r a c t i c a l l y  

im p o ss ib le . Thus, on ly  one measurem ent was o b ta in e d  on an an im al a c ­

c lim a te d  to  calc ium  n i t r a t e ,  and i t s  r a t e  o f  CWL was norm al. Animals 

d id  n o t have acc e ss  t o  food  from  th e  tim e  th e y  were p la c e d  in  th e  

box , which was a t  l e a s t  th r e e  days p r io r  to  th e  f i r s t  m easurem ent. 

W ater was o r ig i n a l ly  s u p p lie d  by a  ro d e n t ty p e  w a te r in g  b o t t l e .  T his 

was d is c o n tin u e d  when i t  was r e a l i z e d  th a t  to k a y s  d id  n o t make u se  o f  

t h i s  so u rce  o f  w a te r . T h e re fo re , a f t e r  a  d a i ly  s e t  o f  m easurem ents, 

t h e i r  mouths were sp ray ed  w ith  w a te r .

Some in d ic a t io n  o f  th e  r e l a t io n s h ip  betw een CWL and am bient 

h u m id ity  can be o b ta in e d  by exam ining t a b le  11 . CWL was tra n s fo rm e d  

t o  mg/cra2/h r  by u s in g  th e  r e g re s s io n  e q u a tio n : SA = 10W0' 67. These

d a ta  were a c q u ire d  from two s e p a ra te  ex p e rim en ts . In  th e  f i r s t ,  th e  

an im als  were i s o l a t e d  random ly d u rin g  th e  shedd ing  c y c le ,  b u t in  th e  

second a l l  an im als  were i s o l a t e d  j u s t  a f t e r  shedd ing  (P S ). CWL mea­

surem ents o f  th e  an im als o f  th e  f i r s t  s e r i e s  began th r e e  to  fo u r  days 

a f t e r  i s o l a t i o n ,  b u t in  th e  second s e r i e s  th e r e  was an i n t e r v a l  o f  

one c y c le  betw een th e  tim e  o f  i s o l a t i o n  and th e  f i r s t  m easurem ent.



T able  10. The e f f e c t  o f  changes in  m easuring  h u m id ity  on c ap su le  d e te rm in a tio n s  o f  CWL.

S o lu tio n  1 2 3  U 5 6 7 8 9 10 11 12

Dry a i r  0 ItU 0 0 0 kk 3 .93  0.0015 h.9  0 .0015 0 .0289 0 .052

Ca(N0 ) p U7 UH h.9 .78  0 .0189 62 UU 51.39 0.0195 6 k . 1 0 .0006 O.OI89 0 .056
J  ^

1: W inston & B ates RH a t  30°C. 2: Flow8, (c c /m in ) . 3: W ater g a in  (m g /h r), Vapor c o n ten t

(m g /cc). 5: C a lc u la te d  RH. 6: Run flow 8, (c c /m in ) . 7 : W ater g a in  (m g /h r). 8 : E x i t  vapor

(m g /cc). 9: E x it RH. 10: CWL (m g /cc). 11: AC*3. 12: KC.

a . E s tim a ted  from o n ly  one d e te rm in a tio n

b . C o n ce n tra tio n  g ra d ie n t  mg/cc a i r

c .  P e rm e a b ili ty  c o n s ta n t ,  cm /hr
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T able  11. CWL (mg/cm2/h r )  m easured d u rin g  th e  r e s t i n g  p h ase8, 

f o r  to k a y s  a cc lim a te d  to  v a r io u s  h u m id it ie s  fo r  s e v e ra l  c y c le s .

A cclim ated S tage F i r s t Second

Animal #

Tokay 0 

Tokay S 

Tokay T 

Tokay H 

Tokay U

Tokay V 

Tokay x'

. § environm ent i s o la t e d cy c le c y c le

0 w a te r e3 0.597 -

s e w ater PS - 0.198

T6 w ater PS - 0 .21213

He w ater mh 0.365 0.6U0

ue w ater PS - 0 .395°

we none PS 0.257 0 .103

Q D r ie r i t e 6 0.367 -

P D r ie r i t e m^ 0.158 -

ve D r ie r i t e PS - 0 . 0 8 ld

xe D r ie r i t e PS - 0 .112

Ye D r ie r i t e PS - O .lllt

R D r ie r i t e 5 0.235 0 .221d

.........

a . A ll  m easurem ents d u rin g  pR u n le s s  o th e rw ise  s p e c i f ie d

b . Measurement im m ediately  a f t e r  shedd ing

c . Measurement 2 days a f t e r  shedding

d. C loaca n o t ta p e d  d u rin g  t h i s  m easurement

e . Second s e r i e s

T h ird

c y c le

0 .127

0.886

0.13U

0.125
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Tokays a c c lim a te d  to  a  humid environm ent had h ig h e r  r a t e s  o f  CWL in  

th e  d e s ic c a t in g  cham ber, th a n  th o s e  a c c lim a te d  t o  a  d ry  env ironm ent. 

CWL was h ig h e r  in  an im als  p la c e d  in  a  d ry  environm ent l a t e  in  th e  cy­

c l e ,  th a n  th o s e  i s o la te d  e a r ly  in  t h a t  c y c le  o r  i s o l a t e d  in  th e  p re ­

v io u s  c y c le .

In  s e v e ra l  in s ta n c e s ,  CWL f o r  th e  i n i t i a l  c y c le  was co n sid ­

e ra b ly  d i f f e r e n t  th a n  th e  v a lu e  f o r  a  l a t e r  c y c le .  CWL was m easured 

in  to k ay  N and to k ay  R more th a n  one c y c le  a f t e r  th e y  were re tu rn e d  

to  t h e i r  r e g u la r  v e n t i l a t e d  c a g e s . In  b o th  c a se s  t h i s  l a t e r  r a t e  o f  

CWL was more m oderate (to k a y  N lo w e r, and to k ay  R h ig h e r)  a t  compara­

b le  s ta g e s ,  th a n  when th e  an im als  were h e ld  a t  c o n s ta n t h u m id ity .

The an im als  w hich made up th e  second e x p erim en ta l s e r i e s  w ere used  

e lse w h e re , when th e y  were housed in  v e n t i l a t e d  c ag es . A ll m easure­

m ents o f  th e  an im als  h e ld  over D r i e r i t e ,  and s e v e ra l  o f  th e  m easure­

m ents o f  th e  an im als  h e ld  over w a te r ,  w ere low er th an  t h e i r  v e n t i l a t ­

ed v a lu e s .  Wo h i s to lo g ic a l  d i f f e r e n c e s  in  th e  sk in  were found which 

would accoun t f o r  th e s e  d i f f e r e n c e s  a s s o c ia te d  w ith  a c c lim a tio n . 

However, g ro s s ly  i t  was n o ted  t h a t  d u rin g  th e  second c y c le  o f  tokay  

N, h y p e rk e ra to t ic  w e lts  d ev e lo p ed , w hich l a s t e d  u n t i l  th e  experim ent 

was te rm in a te d .

C. STATE OF WATER BALANCE AND CWL

1. W on-Faired Com parisons

The r e l a t io n s h ip  betw een an a n im a l 's  w a te r b a lan c e  and i t s  

r a t e  o f  CWL (mg/cm2/h r )  was in v e s t ig a te d .  S e v e ra l to k ay s  were k ep t 

in  good w a te r b a lan c e  by f r e q u e n t ly  sp ra y in g  them , w h ile  w a te r was 

w ith h e ld  from o th e rs  f o r  th r e e  to  seven days p r i o r  to  m easuring  CWL.
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The c lo a c a s  o f  a l l  an im als were ta p e d , and an im als  were m easured a t  

an a i r  flow  r a t e  o f  U00 c c /m in u te . Some an im als  w ere a n e s th e t iz e d ,  

b u t s in c e  r e s u l t s  from such an im als  d id  n o t a p p a re n tly  d i f f e r  from 

th e  n o n -a n e s th e tiz e d  g roup , a l l  r e s u l t s  were com bined. Comparison 

betw een an im als  o f  d i f f e r e n t  w e ig h ts  was made p o s s ib le  by e x p re ss in g  

a b so lu te  CWL as a  fu n c tio n  o f  s u r fa c e  a re a  u s in g  th e  r e g re s s io n  equa­

t i o n :  SA = 10W°‘ 67. The two groups w ere n o t s i g n i f i c a n t l y  d i f f e r e n t

( t - t e s t ,  P = 0.3* ta b le  1 2 ).

2 . B efo re  and A fte r  S tu d ie s

a . Gekko gecko

A nother approach was u sed  to  de te rm in e  th e  r e la t io n s h ip  

betw een an a n im a l 's  s t a t e  o f  w a te r b a lan c e  and CWL. CWL was d e te r ­

mined f o r  a n e s th e t iz e d  and awake to k a y s , w hich d id  n o t have access  to  

w a te r fo r  th r e e  to  seven days p r io r  to  b e in g  m easured . The flow  r a t e  

was ap p ro x im a te ly  e i t h e r  200 cc/m in  o r  U00 cc /m in ; th e  r e s u l t s  fo r  

th e  two flow  r a t e s  were s im i la r  and th e r e f o r e  th e y  were combined.

The an im als were th e n  in je c te d  w ith  a i r ,  w a te r ,  o r  s a l i n e ;  o r  n o t i n ­

j e c t e d .  The in je c te d  volume was e i t h e r  a  sm a ll p e rc e n ta g e  (0 .1  o r

0 .5 )  o r  a  la r g e  p e rc e n ta g e  (5 ) o f  th e  body w e ig h t; and g iv e n  IP , sub­

cu t a n e o u s ly , o r  v ia  a stom ach tu b e . The to k a y  was th e n  rem easured  

l a t e r  t h a t  day and ag a in  th e  n e x t day . Some an im als  w ere n o t mea­

su re d  l a t e r  t h a t  day , and o th e r s  were n o t i n j e c t e d ,  b u t r a th e r  p la c e d  

o v e rn ig h t in  a  cage in  which w a te r  was a v a i l a b le .  Many o f  th e  p ro ­

to c o ls  perform ed on th e  d eh y d ra ted  l i z a r d s  were re p e a te d  on h y d ra te d  

l i z a r d s .  The im m ediate change in  CWL (same day) i s  g iv en  in  t a b l e  

13. T ab le  lU p re s e n ts  th e  change in  th e  n ex t d a y 's  measurem ent r e l a ­

t i v e  t o  th e  f i r s t  d a y ’s m easurem ent. For b o th  t a b l e s ,  a  v a lu e  g r e a t -



T able  12. CWL (mg/cm2/h r )  in  h y d ra te d  and d eh y d ra ted  to k a y s .

C o n d itio n  N CWL S tan d ard  D ev ia tio n

Hydrated 7 0.067 0.013
Dehydrated 9 0.060 0.012



T able 13. E f f e c t  o f  h y d ra tio n  s t a t e  on CWL in  to k ay s  ex p re ssed  as  th e  r a t i o  o f  CWL a f t e r  tre a tm e n t

to  CWL b e fo re  tre a tm e n t.

S o lu tio n

S a lin e

W ater

_______ A n e s th e tiz ed ____ __________________ N o n -a n es th e tiz ed ____

I n je c t io n

s iz e  D ehydrated  H ydrated D ehydrated H ydrated

sm all -  -  O.9 6 , n = 1 0 .9 7 , n = 2

la rg e  0 .8 8 , n = 3 0 .9 2 , n = 2 -  1 .1 2 , n = 3 P°
1

sm all -  -  0 .9 3 , n = H -

la r g e  0 -9 8 , n = 2 0 . 9 8 , n = 1 1 .7 0 , n = 2 0 .9 ^ ,  n = 1

A ir la rg e 0.89, n = 2 1 .0 3 , n = 2



T able  lU

S o lu tio n

S a lin e

W ater

A ir

. E f f e c t  o f  h y d ra tio n  s t a t e  on CWL in  to k ay s  e x p re ssed  as  th e  r a t i o  o f  CWL a day 

a f t e r  tre a tm e n t to  CWL b e fo re  tre a tm e n t .

I n je c t io n  _______ A n e s th e tiz ed _______  N o n -a n es th e tiz ed

s iz e  D ehydrated H ydrated  D ehydrated  H ydrated

sinal 1 -  -  1 .33  j n  = 1 -

la r g e  1 .2 ^ ,  n = 3 0 .9 7 , n = 1 1 .8 7 , n = 1 1 .1 3 , n =

sm all -  -  1 • 3 5 , n = 3 -

la r g e  1 .3 6 , n = 2 l . l 8 ,  n — 1 2 .1 2 ,  n = U 1 .7 6 ,  n =

la rg e  1 .2 5 , n = 2 -  1 .2U , n = 2

N othing 1 .3 8 , n = 1 1 .0 5 , n = 3
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e r  th a n  1 .0 ,  in d ic a te s  t h a t  th e  second m easurement was g r e a te r  th a n  

th e  f i r s t ;  a  v a lu e  l e s s  th a n  1 .0 ,  in d ic a te s  t h a t  th e  f i r s t  m easure­

ment was h ig h e r  th a n  th e  second ; and a v a lu e  o f  1 .0 ,  in d ic a te s  no 

change.

None o f  th e  in je c t io n s  caused  an im m ediate in c re a s e  in  

CWL in  th e  a n e s th e t iz e d  a n im a ls . Sm all doses o f  w a te r o r  a i r  had no 

im m ediate e f f e c t  on awake a n im a ls . However, an in c re a s e  was observed  

when la r g e  doses o f  s a l i n e  o r  w a te r w ere g iv en  to  h y d ra te d  o r  dehy­

d ra te d  to k a y s , r e s p e c t iv e ly .

CWL d u rin g  th e  n e x t day was u s u a l ly  c o n s id e ra b ly  h ig h e r  

f o r  th e  c o n tr o l  a n im a ls , an im als  g iv en  a i r ,  and an im als  g iv en  sm all 

d oses o f  s a l in e  o r  w a te r , i r r e s p e c t iv e  o f  a n e s th e s ia .  The u n an es th e ­

t i z e d  d eh y d ra ted  an im als  w hich re c e iv e d  la r g e  doses o f  s a l in e  o r  

w a te r ; and th e  u n a n e s th e tiz e d , h y d ra te d  an im als g iv en  w a te r ,  had a  

much l a r g e r  in c re a s e  th a n  th e  groups m entioned  above. T h is  was n o t 

t r u e  f o r  th e  a n e s th e t iz e d  a n im a ls . The s m a lle s t  change was found f o r  

th e  h y d ra te d  an im als  g iv en  la r g e  d o ses  o f  s a l i n e ,  i r r e s p e c t iv e  o f  

w a k efu ln ess .

b . Iguana ig u an a

A s m a ll ,  d e h y d ra te d , u n a n e s th e tiz e d  g reen  ig u an a  was 

g iv en  an in je c t io n  o f  w a te r  (6 .5 $  body w e ig h t) v ia  a  stom ach tu b e .

I t s  r a t e  o f  CWL in c re a s e d  from  33*7 m g/0 .5  hour to  1+0.3 m g/0 .5  hour 

fo llo w in g  th e  i n j e c t i o n .  The anim al was re tu rn e d  to  i t s  cage and 

p ro v id e d  w ith  w a te r . A f te r  two days CWL re tu rn e d  to  i t s  o r ig in a l  

v a lu e  (33-5  mg/0 .5  h o u r) . The an im al was a g a in  d eh y d ra ted  and i t s  

r a t e  o f  CWL dropped to  «afi,J^and 2 7 .6  m g/0 .5  h o u r, a f t e r  th r e e  and 

s ix  d a y s , r e s p e c t iv e ly .

.....
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c . L a c e r ta  l e p id a

CWL was m easured in  a  few l a c e r t a s  from w hich food and 

w a te r  w ere w ith h e ld  f o r  s e v e ra l  d ay s. The an im a ls  were g iv en  access  

t o  w a te r  o v e rn ig h t ( in v a r ia b ly  th e y  showed an in c re a s e  in  w e ig h t) ,  

CWL was m easured th e  n ex t d ay , and o c c a s io n a l ly  t h e r e a f t e r .  There 

was no ev id en ce  t h a t  h y d ra tio n  a f f e c te d  th e  r a t e  o f  CWL.

SECTION I I I .  THE SHEDDING CYCLE AND CWL

A. THE SHEDDING CYCLE

1. Shedding Frequency

T ab le  15 i s  a  sy n o p sis  o f  th e  shedd ing  d a ta  f o r  th e  le p id o -  

s a u rs  u sed  in  t h i s  s tu d y . A ll  th e  to k ay s  and E laphe were k e p t a t  

30°C. Some o f  th e  L a c e r ta  w ere k e p t a t  h ig h e r  te m p e ra tu re s , b u t (un­

l i k e  th e  to k a y s )  t h i s  d id  n o t seem t o  a f f e c t  t h e i r  c y c le  l e n g th ,  and 

t h e r e f o r e ,  a l l  L a c e r ta  d a ta  were p o o led . The b la c k  te g u s  and th e  

g reen  ig u an as  were k e p t f o r  some p e r io d s  i n  a  30°C c o n tr o l le d  tem per­

a tu r e  en v iro n m en t, w h ile  a t  o th e r  tim es  th e y  had a c c e ss  t o  h e a t 

lam ps. There were no obvious d i f f e r e n c e s  re g a rd in g  sh ed d in g  betw een 

th e s e  two en v iro n m en ts , and t h e i r  d a ta  were th e r e f o r e  combined.

The to k ay  d a ta  a re  d iv id e d  in to  s ix  g ro u p s , each  c o n s is t in g  

o f  an im als  p u rch ased  a t  about th e  same tim e . Tokays had v a r io u s  ac­

c l im a tio n  h i s t o r i e s  p re c ed in g  th e  tim e  t h a t  t h e i r  sheds were re c o rd e d  

f o r  u se  in  t h i s  t a b l e .  There was an added v a r ia n c e  component among 

to k a y  groups f o r  shedd ing  c y c le  le n g th  (P < 0 .0 1 ) .  U sing a  Model I I  

ANOVA i t  was shown t h a t  th e  g r e a t  m a jo r i ty  o f  th e  v a r i a b i l i t y  was 

w ith in  groups (95& ), w ith  o n ly  a  s m a lle r  among group component (5$ )•



T able  15. Shedding freq u en cy  f o r  s e v e ra l  o f  th e  squam ates u sed  in  t h i s  s tu d y .

Range

S p ec ies Group

Number
o f

an im als

Number
o f

in te rm o lts

o f mean 
c y c le  le n g th  

( in  days)

Mean 
c y c le  le n g th  

( in  days)
In d iv id u a l8, 

CV range
Group

CV

Gekko T o ta l 85 510 17 .1  -  31 .7 22 .01 0 -  67-39 26.61

A 1* 31 2 1 .0  -  23 .7 22 .42 11.35 -  21 .30 14 .24

B 13 84 20 .6  -  26 .3 23 .19 8.56 -  22.64 16.51

C 23 142 1 7 .1  -  25 .7 20.57 4 .38 -  21.78 15.27

D 9 63 1 8 .6  -  25 .0 21.68 6 .13 -  40 .53 28.66

E 22 71 1 7 .3  -  26 .0 21.42 0 -  19-25 18.50

F l4 119 2 1 .3  -  31 .7 23-33 11 .63 -  67.39 29 .38

Tupinam bis 5 16 21 .5  -  47 .3 33-19 b 39.18

L a c e r ta 45 157 30.7  -  150 .0 61 .57 9-32 -  84.20 56.08

48 205d 1/174 -  1 /4 3 .8e 7 9 -8 le b 36.64'

Iguana 22 l8 d 0 /82  -  l / 9 e 9 8 .1 7 e b b

C o n s tr ic to r 2 20 44 .4  -  57-4 50.25 34.99 -  39.19 4 0 .91*

Elaphe 11 20 28 .5  -  165 53.40 b 64.54

35 44d 0/142 -  l / 8 e 7 5 .4 le b b



T able  15• Shedding freq u en cy  f o r  s e v e ra l  o f  th e  squam ates u sed  in  t h i s  s tu d y .

(co n tin u ed )

Only f o r  in d iv id u a ls  w ith  th r e e  o r  more in te rm o lts  

Not enough d a ta

CV o f  mean m o lts /tim e  (mean, one m olt e v e ry  8 9 .7  days)

T o ta l  number o f  m o lts

Number o f  m o lts  d u rin g  t o t a l  tim e  in  c a p t i v i ty
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R ecords were k ep t on o n ly  two "boa c o n s t r i c t o r s  ( o r ig in a l  

w e ig h t: 1 .U3 kg and 1.55  k g ) ,  and "both seemed to  have th e  same cy­

c le  le n g th  when no t s t r e s s e d  (ap p ro x im a te ly  60 d a y s ) . When t h e i r  

r a t e  o f  CWL was m easured (se e  pp . I 36-IU 5 , t a b le  3*0, t h e i r  c y c le  

le n g th  was s h o r te r  (CC 1: 2U, U3, 1 6 , 3 8 , and 3b d ay s; CC 2: 1*8,

37 , 5U, and 32 d a y s) . I t  i s  p o s s ib le  t h a t  th e  m easuring  p ro ced u re  

caused  a  s h o r te n in g  o f  th e  c y c le ,  however b io p s ie s  re v e a le d  t h a t  th e  

renew al phase was o f  norm al d u ra tio n  (ap p ro x im a te ly  fo u r te e n  d a y s ) .

Two sh ipm ents o f  b la c k  te g u s  were r e c e iv e d :  th e  f i r s t  con­

s i s t e d  o f  la r g e  an im als  (1 .26  t o  1 .95  kg) and th e  second o f  sm a lle r  

an im als  (O.UU k g ) . Anim als in  b o th  groups had a c c e ss  t o  w a te r ,  were 

fe d  eggs ad l ib i tu m , and cou ld  tfcerm oregu la te  v ia  a  h e a t lam p. On 

t h i s  regim e an im als in  b o th  groups g a in ed  w eigh t r a p id ly .  A f te r  two 

months th e  la rg e  an im als ranged  in  w eigh t from 2 .0 7  t o  3 .07  k g , and 

a f t e r  one month th e  sm all an im als w eighed 0 .56  kg . The c y c le  le n g th  

in c re a s e d  d u rin g  t h i s  a c c lim a tio n  p e r io d  fo r  each an im al ( f o r  exam­

p le ;  TT 1: 20 , 27 , 30, and 3b d ay s; TT 2: 32 , 33 , and 33 d ay s; TT

3: 18 and 25 d ay s; and TT 5: 22 and 28 d a y s ) . When t h e i r  r a t e  o f

CWL was m easured , c y c le  le n g th  d ra m a tic a l ly  e lo n g a te d  (TT 1 : 1*3 and

7U d ay s; TT 2: U3 d ay s; TT more th a n  73 d a y s ; and TT 5: more

th a n  32 d a y s ) .

The r a t  sn ak e s , l a c e r t a s ,  and ig u an as  shed  in f r e q u e n t ly  and 

u n p re d ic ta b ly . The two l i z a r d s  d id  n o t m olt in  one p ie c e ,  a lth o u g h  

u s u a l ly  t h e i r  back and b e l ly  were shed  in  one o r  a  few la r g e  f l a k e s .  

I t  was n o t p o s s ib le  to  r e p o r t  a  m ean ingfu l in te rm o lt  le n g th  fo r  

th e s e  a n im a ls , s in c e  some l a c e r t a s  and r a t  snakes d id  n o t shed  tw ic e . 

The d a ta  a re  th e r e f o r e  p re s e n te d  a s :  number o f  sheds f o r  a l l  a n i -
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m als o f  t h a t  s p e c ie s  d iv id e d  by th e  t o t a l  number o f  days th o s e  a n i­

m als were in  c a p t i v i t y .  Thus f r e q u e n t and in f re q u e n t  sh ed d e rs  were 

p o o le d . F or L a c e r ta  i t  was p o s s ib le  to  compute th e  t o t a l  number o f  

sheds d iv id e d  by th e  t o t a l  number o f  days observed  f o r  each an im al 

( s in c e  a l l  an im als  shed a t  l e a s t  o n c e ) . These d a ta  a re  p re s e n te d  

in  th e  group CV and as  a  fo o tn o te  to  t a b le  15.

2 . W ater C onten t o f  th e  Shed

In  an im als w hich shed p ie c e -m e a l, th e  shed  i s  d ry  when i t  

comes o f f  (s e e  L a c e r ta , t a b le  l 6 ) .  However, in  an im als  w hich shed 

in  one p ie c e  o r in  la r g e  f l a k e s ,  th e  shed may be m o is t ( t a b le  l 6 ) .  

M a te r ia l  was removed from l i z a r d s  as  soon as i t  was ap p a ren t t h a t  a  

shed  was im m inent, t h a t  i s  when th e  o u te r  g e n e ra t io n  no lo n g e r  t i g h t ­

ly  adhered  to  th e  in n e r  g e n e ra t io n . The snakes w ere a llow ed  t o  shed 

by th e m se lv e s , and th e  shed m a te r ia l  was u sed  im m edia te ly  (b o as) o r  

a f t e r  a tw en ty  m inute d e la y  (E la p h e ) .

A f te r  rem oval th e  m o is t shed  was q u ic k ly  w eighed on a  S a r-  

t o r i u s  2^63 b a la n c e . I t  was im p o ssib le  t o  g e t a  p r e c is e  re a d in g  fo r  

t h i s  m a te r ia l  s in c e  i t  su b lim a ted  w a te r v e ry  r a p id ly .  A lso , much 

w a te r  was l o s t  from th e  tim e  th e  o u te r  g e n e r a t io n 's  i n t e g r i t y  was 

b roken  u n t i l  a l l  th e  m a te r ia l  was on th e  b a lan c e  pan . The m o is t shed 

was a llow ed  to  d ry  over D r i e r i t e  a t  room te m p e ra tu re  f o r  two weeks 

b e fo re  b e in g  rew eighed . A lthough n o t a l l  th e  shed  m a te r ia l  was r e ­

co v ered  from a l l  th e  g ek k o n id s, in  no case  d id  th e  amount re c o v e re d  

seem t o  be l e s s  th a n  75# o f  th e  t o t a l .  T h e re fo re , th e  v a lu e s  f o r  

d ry  shed  w eigh t as a  p e rc en ta g e  o f  body w eigh t i s  an u n d e re s tim a te  

f o r  to k ay s  and E u b le p h a r is .

Two to k ay s  w ere h e ld  over D r i e r i t e ,  and a n o th e r  o v er w a te r ,
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T able  16 . P e rc e n t w a te r  c o n te n t and p e rc e n t  d ry  w eigh t 

o f  th e  shed f o r  s e v e r a l  squam ates.

P e rc e n t

w ater Shed d ry  wt as  a

S p ec ies N in  shed SD p e rc e n t  body wt SD

Gekko8, 9 16.88 7 .18 0.1*5 0 .15

Gekko*5 2 12 .56 5.18 0.52 0.16

GekkoC 1 19-71 0 .35

&E u b lep h a ris 1 5^.28 0 .32

L a c e r ta 8, 1 10.26 0 .57

C o n s tr ic to r 8, 3 U6.8U 11.33 0.33 0 .12

aElaphe 1 51.31 0.95

a . Ambient h u m id ity  u n c o n tro l le d

b . H eld o v er D r ie r i t e

c . H eld o v er w a te r
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f o r  a  com plete c y c le  b e fo re  sh ed d in g . R e su lts  from  th e s e  an im als 

show t h a t  th e  p e rc e n ta g e  w a te r in  th e  shed i s  r e l a t e d  t o  th e  a n im a l 's  

h a b i t a t  h u m id ity .

B. THE SHEDDING CYCLE AMD CHAMBER DETERMINATIONS OF CWL

1. Gekko gecko

S e v e ra l s e p a ra te  ex p erim en ts  were conducted  to  e lu c id a te  

th e  r e l a t i o n s h ip  betw een th e  shedding  c y c le  and CWL in  to k a y s . These 

ep x erim en ts  a re  p re s e n te d  in  th e  c h ro n o lo g ic a l  o rd e r  in  w hich th e y  

w ere p e rfo rm ed , in  o rd e r  to  f a c i l i t a t e  sub seq u en t d is c u s s io n ,

a .  Tokays m easured s e v e ra l  tim es  p e r  c y c le

In  t h i s  s e c t io n ,  th e  p ro to c o l  f o r  each  o f  th e  s e p a ra te  

ex p erim en ts  i s  f i r s t  p re s e n te d  and l a t e r  (p . 93) th e  r e s u l t s  a re  

p re s e n te d .

i . P ro to c o l

a . Anim als m easured once p e r  week ( f ig u r e s  1 5 -1 9 ): 

Food, b u t n o t w a te r , was w ith h e ld  from th e s e  an im als  from th e  tim e 

th e y  were i s o l a t e d ,  th r e e  to  fo u r  days p r i o r  to  m easurem ent. A ir 

flo w  was r e g u la te d  a t  ap p ro x im a te ly  200 c c /m in u te , t h e i r  c lo ac a s  

were ta p e d ,  and th e  an im als  were n o t a n e s th e t iz e d .  The chamber was 

p r e - d r i e d  f o r  1 .75  hou rs  and th e  av erage  o f  th e  n ex t two 4 5 m inute 

ru n s  was u sed  in  p re s e n t in g  th e  r e s u l t s .  G ular b io p s ie s  were ta k en  

a f t e r  each  day ’ s m easurem ent.

B. Animals m easured up to  th r e e  tim es w eekly ( f i g ­

u re s  2 0 -2 3 ) :  A nim als w hich w ere m easured f r e q u e n t ly  (to k ay s  J ,  L,

and M) w ere a n e s th e t iz e d  w ith  a  0.5% s o lu t io n  o f  Nem butol, d is s o lv e d  

in  0 .15  M NaCl, a t  a  dose o f  17 .5  mg/kg. I t  was hoped t h a t  a n e s th e ­
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s i a  would p re v e n t s t r u g g l in g  and th e r e f o r e ,  d e c rea se  s t r e s s  and pos­

s ib le  wounding. Chambers were p r e - d r ie d  f o r  1 .5  h o u rs ,  and th e  n ex t 

h a l f  h o u rly  ru n , o r  th e  mean o f  th e  n ex t two h a l f  h o u rly  ru n s  was 

u sed  in  p re s e n t in g  th e  r e s u l t s .  B io p sie s  were no t ta k e n  s in c e  i t  

was fe a re d  t h a t  such s t r e s s  m ight a f f e c t  th e  r a t e  o f  CWL. At th e  

tim e  i t  was th o u g h t t h a t  CWL o n ly  changed d u rin g  th e  a c t  o f  sh ed d in g , 

and n o t d u rin g  th e  renew al p h ase . S ince  th e  tim e  in  th e  shedd ing  

c y c le  a t  which th e  m easurem ents w ere made was known, i t  was p o s s ib le  

t o  deduce th e  p ro b a b le  h i s to lo g ic a l  c o n d itio n  o f  th e  ep id e rm is  ( t a b le  

1 7 ) . In  a l l  o th e r  a sp e c ts  o f  p ro to c o l  th e s e  an im als  were t r e a t e d  in  

th e  same manner as  th e  f i r s t  ex p e rim en ta l group.

y . Animals m a in ta in ed  a t  c o n s ta n t h u m id ity  ( f i g ­

u re s  2 ^ -3 0 ): For th e  f i r s t  s e r i e s  ( to k a y s  N, 0, P , Q, and R ) , un­

a n e s th e t iz e d  an im als  were m easured a t  ap p ro x im a te ly  200 c c /m in u te , 

and fo r  th e  second s e r i e s  (to k a y s  S , T, U, V, W, X, and Y) a n e s th e ­

t i z e d  an im als were m easured a t  ^00 c c /m in u te . In  b o th  groups b io p ­

s i e s  were ta k en  a f t e r  each  m easurem ent, and c lo a c a s  were u s u a l ly  

ta p e d . A ll an im als  were h e ld  on w ire  mesh s u p p o r ts :  to k ay s  N, 0 ,

S , T , and U o v er w a te r , th e  r e s t  o v e r D r i e r i t e ,  ex cep t to k a y  W which 

s to o d  in  an empty cag e . Animals were i s o la t e d  w ith o u t fo o d , b u t 

w ith  w a te r , f o r  th e  e n t i r e  d u ra t io n  o f  th e  ex p erim en t. I t  was o r i ­

g in a l ly  f e l t  t h a t  i f  th e  an im als were a cc lim a te d  to  a  c o n s ta n t  hu­

m id ity  th e r e  would be l e s s  v a r i a t io n  o r  f lu c tu a t io n  w ith in  a  c y c le  

th a n  would norm ally  be th e  c a se . The second o r r e p e a t  s e r i e s  was 

an a tte m p t to  de te rm in e  w hether u n s tre s s e d  an im als  (im m obilized  and 

o f te n  w ith o u t ta p e )  would show th e  same r e la t io n s h ip  betw een th e  

shedding  c y c le  and CWL.



T ab le  17 . The r e l a t i o n s h i p  be tw een  th e  days p r e -  and p o s t- s h e d d in g  and th e  m ic ro sc o p ic

s ta g e o f  th e sk in f o r  G. gecko .

H is to lo g ic a l  s ta g e PS pR 1R e3 m3 13 el| lli e5 5 6

Days p o s t-sh e d 0-2 * * * # * * * * * * *

Days p re -sh e d * * * 12-10 9 9 8-7 7-6 5-h 3 2 1-0

^ V a ria b le , depends on le n g th  o f  c y c le
i\oroi
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i i .  A n a ly s is

From th e  r e s u l t s  p re s e n te d  in  f ig u r e s  15 to  29 , th e  

g e n e ra l  r e l a t i o n s h ip  betw een th e  shedd ing  c y c le  and CWL can be de­

s c r ib e d  as fo llo w s . J u s t  a f t e r  shedd ing  CWL i s  h ig h , i t  q u ic k ly  de­

c re a s e s  d u rin g  th e  f i r s t  few days fo llo w in g  shedd ing  (p o s t-sh e d  

s ta g e )  and re a c h e s  a  low v a lu e  as  th e  ep id erm is  a t t a i n s  th e  p e r f e c t  

r e s t i n g  c o n d it io n ,  u s u a l ly  fo u r  days a f t e r  sh ed d in g . The r a t e  o f  

CWL rem ains f a i r l y  c o n s ta n t th ro u g h  th e  e a r ly  renew al phase (s ta g e  

2 ) .  As th e  renew al phase p ro c e e d s , CWL in c r e a s e s ,  g ra d u a lly  a t  

f i r s t ,  and th e n  more s h a rp ly . The most marked in c re a s e  g e n e ra l ly  

o ccu rs  a t  e a r ly  s ta g e  5. The r a t e  o f  CWL peaks j u s t  p r i o r  t o  norm al 

shedd ing  and rem ains a t  t h i s  h ig h  l e v e l  u n t i l  j u s t  a f t e r  sh edd ing . 

T here a re  sev e ra l, in s ta n c e s  where an in d iv id u a l  p a t t e r n  d i f f e r e d  

from t h i s  t y p i c a l  p a t t e r n ,  th e s e  a re  enum erated below  as E x cep tions 

#1- 1 8 , and th e s e  a re  d is c u s s e d  on pages 21^-215 •

Excep. #1. F ig . l 6 ,  to k ay  B, f i r s t  e y e . ,  i n c r .  O p-lp ;

Excep. #2. F ig . 17 , to k ay  C, second e y e . ,  d e e r .  pR-lU ;

Excep. #3 . F ig . 19 , to k ay  G, second e y e . ,  d e e r . e3 -e 5 ;

Excep. #U. F ig . 20 , to ak y  I ,  second e y e . ,  d e e r .  pR -2;

Excep. #5- F ig . 21, to k ay  K, t h i r d  e y e . ,  i n c r .  lp -p R ;

Excep. #6. F ig . 22 , to k ay  L, second e y e . ,  i n c r .  lp -p R i 

Excep. #7. F ig . 23 , to k ay  M, f i r s t  e y e . ,  i n c r .  Op-pR;

Excep. #8. F ig . 2 3 , to k ay  M, f i r s t  e y e . ,  d e e r .  pR-pR

Excep. #9- F ig . 23 , to k ay  M, f i r s t  e y e . ,  d e e r . 13-eU

Excep. #10. F ig . 23 , to k ay  M, f i r s t  e y e . ,  d e e r .  e5 -6 :

Excep. #11. F ig . 23 , to k ay  M, second e y e . ,  d e e r .  eU -llt:

Excep. #12. F ig . 2U, to k a y  N, t h i r d  e y e . ,  i n c r .  lp - lR ;
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Excep. #13- F ig . 24 , to k ay  N, f o u r th e y e . ,  i n c r .  Op-IR;

Excep. #14. F ig . 25 , to k ay  0 , second e y e . ,  i n c r .  lp - 2 ;

Excep. #15. F ig . 2 6 , to k ay  P , second e y e . ,  d e e r .  pR-pR;

Excep. #16. F ig . 2 6 , to k ay  P , second e y e . ,  d e e r .  2 -1 3 ;

E xcep. #17. F ig . 2 6 , to k ay  P , second e y e . ,  d e e r . m 4 -l4 ; and

Excep. #18. F ig . 29, to k ay  W, f i r s t  e y e . ,  d e e r .  pR-e3.

An a tte m p t was made t o  su p p o rt th e  g e n e ra l  p a t te r n  

by s e t t i n g  up th e  d a ta  so t h a t  any ap p a ren t t r e n d s  co u ld  be re v e a le d  

by s t a t i s t i c a l  a n a ly s is .

D ata from an im als m easured s e v e ra l  tim es p e r  c y c le  

w ere d iv id e d  in to  fo u r  p e r io d s :  p e r io d  1 -  0 to  2 days p o s t-s h e d ;

p e r io d  2 -  pR to  1R; p e r io d  3 -  s ta g e s  2 to  13; p e r io d  4 -  s ta g e s  

4 to  6, S e v e ra l i n t e r v a l s  were d e f in e d  by u s in g  th e s e  a r b i t r a r y  

p e r io d s .  I f  th e  second measurement in  an i n t e r v a l  was g r e a te r  th an  

th e  f i r s t ,  a  p lu s  was a s s ig n e d ; i f  th e  f i r s t  measurement in  th e  in ­

t e r v a l  was l a r g e r  a  minus was a ss ig n e d  (se e  t a b le  18 ) .

For i n t e r v a l s  3 and 5 th e  sam ple s iz e s  were to o  

sm a ll t o  draw any c o n c lu s io n s . For i n t e r v a l s  4 , 6 ,  and 7 th e  t r e n d  

was c le a r ly  f o r  an in c re a s e  to  o c c u r . For in t e r v a l s  1 and 2 no c le a r  

t r e n d  was a p p a ren t s in c e  b o th  in c re a s e s  and d e c re a se s  were see n . In ­

s p e c tio n  o f  th e  d a ta  r e v e a ls  t h a t  th e  l a t t e r  s i t u a t i o n  i s  r e l a t e d  to  

how soon a f t e r  shedd ing  th e  f i r s t  p e r io d 's  measurement was made. I f  

i t  was ta k en  soon a f t e r  shedd ing  th e  t r e n d  was f o r  d e c re a se s  to  oc­

c u r .

b . Tokays m easured once p e r  c y c le

i .  E ig h t to k a y s , m easured fo r  s e v e ra l  c y c le s

E ig h t to k ay s  from a  s in g le  shipm ent were m easured
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F ig u re  15. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f  

Tokay A (open c i r c l e  -  f i r s t  c y c le ,  open sq u a re s  -  second c y c le ,  open 

t r i a n g l e s  -  t h i r d  c y c le ,  shaded c i r c l e s  -  fo u r th  c y c le ;  Op -  j u s t  

a f t e r  sh ed d in g , lp  -  one day a f t e r  sh ed d in g , 2p -  two days a f t e r  

sh ed d in g , pH -  p e r f e c t  r e s t i n g  c o n d it io n , 1R -  l a t e  r e s t i n g  s ta g e ,

2 -  s ta g e  2 , e3 -  e a r ly  s ta g e  3 , m3 -  mid s ta g e  3 , 13 -  l a t e  s ta g e  

3 , eU -  e a r ly  s ta g e  k , mU -  mid s ta g e  k , lU -  l a t e  s ta g e  k , e5 -  

e a r ly  s ta g e  5 S 5 -  s ta g e  5 , 6 -  s ta g e  6 ) .

F ig u re  l 6 .  The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f

Tokay B (open c i r c l e s  -  f i r s t  c y c le ,  open sq u a re s  -  second c y c le ,  

open t r i a n g l e s  -  t h i r d  c y c le ,  shaded c i r c l e  -  f o u r th  c y c le ;  f o r  

o th e r  symbols see  f ig u r e  1 5 ).

F ig u re  17- The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f  

Tokay C (open c i r c l e s  -  f i r s t  c y c le ,  open sq u a re s  -  second c y c le )  

and o f  Tokay D (open t r i a n g l e  -  f i r s t  c y c le ,  shaded c i r c l e  -  second 

c y c le ,  shaded sq u a re s  -  t h i r d  c y c le ,  shaded t r i a n g l e s  -  f o u r th  c y c le ;  

f o r  o th e r  symbols see  f ig u r e  1 5 ).

F ig u re  18. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f

Tokay E (open c i r c l e  -  f i r s t  c y c le ,  open sq u ares  -  second c y c le ,

open t r i a n g l e s  -  t h i r d  c y c le )  and o f  Tokay F (shaded  c i r c l e  -  f i r s t  

c y c le ,  shaded sq u ares  -  second c y c le ;  f o r  o th e r  symbols see  f ig u r e  

1 5 ) .
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F ig u re  19* The p a t te r n  o f  CWL d u rin g  th e  shedding  c y c le s  o f  

Tokay G (open c i r c l e  -  f i r s t  c y c le ,  open sq u ares  -  second c y c le ,  

open t r i a n g l e  -  t h i r d  c y c le )  and a  shedd ing  c y c le  o f  Tokay H (shaded  

c i r c l e s ;  f o r  o th e r  symbols see  f ig u r e  15)*

F ig u re  20. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f  

Tokay I  (open c i r c l e s  -  f i r s t  c y c le , open sq u ares  -  second c y c le ,  

open t r i a n g l e s  -  t h i r d  c y c le )  and th e  shedd ing  c y c le  o f  Tokay J  

(sh ad ed  c i r c l e s ;  f o r  o th e r  symbols see  f ig u r e  1 5 ).

F ig u re  21. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f  

Tokay K (open c i r c l e s  -  f i r s t  c y c le ,  open sq u ares  -  second c y c le , 

open t r i a n g l e s  -  t h i r d  c y c le ; f o r  o th e r  symbols see  f ig u r e  15)*

F ig u re  22. The p a t te r n  o f  CWL d u rin g  th e  shedding  c y c le s  o f  

Tokay L (open c i r c l e s  -  f i r s t  c y c le ,  open sq u a res  -  second c y c le ,  

open t r i a n g l e s  -  t h i r d  c y c le ; f o r  o th e r  symbols see  f ig u r e  15)*
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F ig u re  23. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f  

Tokay M (open c i r c l e s  - f i r s t  c y c le ,  open sq u ares  -  second c y c le ,  

open t r i a n g l e s  -  t h i r d  c y c le ;  f o r  o th e r  symbols see  f ig u r e  1 5 ) .

F ig u re  2k.  The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f  

Tokay N (open c i r c l e  -  f i r s t  c y c le ,  open sq u a res  -  second c y c le ,  

open t r i a n g l e s  -  t h i r d  c y c le ,  shaded c i r c l e s  -  f o u r th  c y c le ;  f o r  

o th e r  symbols see  f ig u r e  15)•

F ig u re  25. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f  

Tokay 0 (open c i r c l e s  -  f i r s t  c y c le ,  open sq u ares  -  second c y c le ,  

open t r i a n g le s  -  t h i r d  c y c le ;  fo r  o th e r  symbols see  f ig u r e  1 5 ) .

F ig u re  26. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f  

Tokay P (open c i r c l e  -  f i r s t  c y c le ,  open sq u ares  -  second c y c le )  and 

th e  shedding  c y c le  o f  Tokay Q (open t r i a n g l e s ;  f o r  o th e r  symbols 

see  f ig u r e  1 5 ).
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F ig u re  27. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f  

Tokay R (open c i r c l e s  -  f i r s t  c y c le ,  open sq u a re s  -  second c y c le ;  

f o r  o th e r  symbols see  f ig u r e  1 5 ) .

F ig u re  28. The p a t t e r n  o f  CWL d u rin g  th e  shed d in g  c y c le s  o f  

Tokay S (open c i r c l e s  -  f i r s t  c y c le ,  open sq u a re  -  second c y c le ) ,  

th e  shedd ing  c y c le  o f  Tokay T (open t r i a n g l e ) ,  and th e  shedd ing  cy­

c l e  o f  Tokay U (shaded  c i r c l e s  -  f i r s t  c y c le ,  shaded sq u a re s  -  s e c ­

ond c y c le ;  f o r  o th e r  symbols see  f ig u r e  15 )-

F ig u re  29. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le  o f  

Tokay X (open c i r c l e s ) ,  th e  shedd ing  c y c le s  o f  Tokay Y (open sq u ares  

-  f i r s t  c y c le ,  open t r i a n g l e  -  second c y c le ) ,  th e  shed d in g  c y c le  o f  

Tokay V (shaded  c i r c l e s ) ,  and th e  shedd ing  c y c le s  o f  Tokay W (shaded  

sq u a re s  -  f i r s t  c y c le ,  shaded t r i a n g l e s  -  second c y c le ;  fo r  o th e r  

sym bols see  f ig u r e  1 5 ).
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T ab le  18. Changes betw een su c c e ss iv e  m easurem ents 

d u rin g  th e  shedd ing  c y c le ,  f o r  to k ay s  m easured 

s e v e ra l  tim es  p e r  c y c le .

I n t e r v a l  P e r io d ( s ) + -  Chi Square

1 1 to  2 T 9 0 .5  < P < 0 .9

2 1 to  3 U 9 0 .1  < P < 0 .5

3 1 to  1* 1 1

k 2 to  3 16 2 P < 0 .005

5 2 to  1* 3 1 0 .1  < P < 0 .5

6 3 t o  k 28 2 P < 0 .005

7 w ith in  U 10 0 P < 0.005
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o n ly  once p e r  c y c le ,  u s u a l ly  fo u r  days p o s t-s h e d  (p re lim in a ry  r e ­

s u l t s  in d ic a te d  th a t  a lm ost a l l  to k ay s  were e i t h e r  in  a  p e r f e c t  r e s t ­

in g  c o n d it io n  o r  l a t e  r e s t i n g  s ta g e  a t  t h i s  t im e ) .  I n te r s p e r s e d  

w ith  th e s e  m easurem ents were c y c le s  in  which ru n s  were made o n ly  

d u rin g  th e  renew al p h ase . These an im als  were n o t a n e s th e t iz e d ,  h u t 

in  a l l  o th e r  r e s p e c ts  had th e  same e x p e r im e n ta l p ro to c o l  a s  th e  

second group (m entioned above, p . 9 0 ) . T able 19 p re s e n ts  th e s e  

d a ta .

From th e s e  d a ta  i t  would seem t h a t  CWL rem ains low , 

o r  p o s s ib ly  d e c re a se s  th ro u g h  mid renew al ( s ta g e  U ), i s  p ro b ab ly  

h ig h e r  a t  s ta g e  5 , i s  d e f i n i t e l y  h ig h  p o s t- s h e d , and rem ains h ig h  

f o r  s e v e ra l  days a f t e r  sh edd ing .

i i .  Many to k a y s , no s p e c i f i c  reg im e

The r e l a t io n s h ip  betw een th e  shedd ing  c y c le  and CWL 

was a l s o  in v e s t ig a te d  by p o o lin g  a l l  to k ay  d a ta  in  w hich an anim al 

had n o t been  p re v io u s ly  s t r e s s e d  o r  m easured d u rin g  t h a t  c y c le .  CWL 

was compared by tra n s fo rm in g  th e  raw d a ta  t o  CWL in  te rm s o f  mg/cm2/  

h r ,  by use  o f  th e  r e g re s s io n :  SA = 10W0’ 67 . The m easurem ents were

d iv id e d  in to  fo u r  a r b i t r a r y  p a r t s  o f  th e  c y c le :  1 -  0 to  1 day p o s t ­

shed  (n  = lU , mean = 0 . 212) ;  2 -  p o s t- s h e d , 2 days p o s t- s h e d  u n t i l  

th e  end o f  th e  h i s to lo g ic a l  p o s t-sh e d d in g  c o n d itio n  (n = 2 1 , mean =

0 . l 6 2 ) ;  3 -  pR to  1R (n = 26 , mean = 0 .1 0 9 ) ;  and 1+ -  s ta g e s  3 t o  U 

(n  = 1 8 , mean = 0 .1 2 9 ) . The s ta g e s  were compared w ith  a  Mann-Whitney 

U t e s t ,  u s in g  a  t - t e s t  f o r  n > 2 0 . The d i f f e r e n c e s  betw een th e  f i r s t  

and second p a r t ,  and th e  second and t h i r d  p a r t  were s t a t i s t i c a l l y  

s i g n i f i c a n t  (0 .0 0 2  < P < 0 .05  and 0 .001  < P < 0 .0 1 , r e s p e c t iv e ly ) ,  

w h ile  th e  d i f f e r e n c e  betw een th e  t h i r d  and fo u r th  p a r t s  o f  th e  c y c le



Table 19. CWL (mg/0.5 hr) during resting and renewal phases for tokays measured
o n ly  once p e r  c y c le .

^ d P o st

H Mean CWL SD LR-2 3 k 5 6 0-PS

Tokay S U 1 2 .1 1 .3 8 .0 9 .3 2 5 . u

Tokay Z T 19-9 2 .8 21 .1 51.0 55.7

UU.7

Tokay V 7 1 5 .8 3 .3 16 .5 53.1 1HVJ\J\
Tokay AA k 2 0 .2 1 .2 20 .0 1

Tokay X 5 1 9 .6 k.O 13-2 1 6 .3

17-9

Tokay T 5 13. k 2 .9 17-6 12 .2 18 .5 25 .1

Tokay U 5 16 .5 2 .1 16 . h 13.5 37.6

13 .0 17 .8

Tokay Y 5 1 5 .6 l+ .l 1 0 .3 1 2 .0

12 .5



-io6-

v e re  n o t s t a t i s t i c a l l y  s ig n i f i c a n t  (0 .0 5  < P < O . l ) .  A lthough th e  

group means co n firm  th e  t r e n d  m entioned  e a r l i e r ,  i t  i s  on ly  s i g n i f i ­

c a n t f o r  th e  d e c rea se  fo llo w in g  sh ed d in g ,

c . I n te r c y c l i c  t re n d

The shape o f  a  cu rve  r e p r e s e n t in g  th e  r a t e  o f  change o f  

CWL d u rin g  a  c y c le  v a r ie s  "between c y c le s .  U su a lly  such a cu rve  i s  

c o n s i s te n t ly  h ig h e r ,  o r  c o n s i s te n t ly  lo w e r, th a n  a n o th e r cu rve  (cy­

c le )  f o r  t h a t  an im al. Many an im als  (e x c lu d in g  th o s e  h e ld  a t  c o n s ta n t 

h u m id ity , which w ere an a ly zed  s e p a r a te ly ,  p . 78) were m easured fo r  

m ost o f  th r e e  c y c le s ,  th u s  i t  can he de term in ed  i f  th e r e  i s  a  g e n e ra l  

t r e n d  o f  i n t e r c y c l i c  w a te r  lo s s  changes w ith in  in d iv id u a ls .  For 

th r e e  c y c le s  th e r e  a re  s ix  p e rm u ta tio n s  as  to  w hich c y c le  w i l l  have 

th e  h ig h e s t  r a t e  o f  CWL and which w i l l  have th e  lo w est r a t e .  Of 

th e s e  s ix  p o s s i b i l i t i e s  one would he in t e r p r e te d  as  a g e n e ra l  in ­

c r e a s e ,  a n o th e r  as  a  g e n e ra l  d e c re a se , and fo u r as no d is c e r n ib le  

t r e n d .  A c h i sq u are  t e s t  was c a r r ie d  ou t on e ig h t  (Tokays A, B, C,

G, I ,  K, L, and M) groups o f  cu rves (3 in c r e a s e ,  1 d e c re a se  and U 

no t r e n d ) ,  and th e  r e s u l t  in d ic a te s  t h a t  th e r e  i s  no s t a t i s t i c a l l y  

s ig n i f i c a n t  t r e n d  (0 .1  < P < 0 .5 )  betw een c y c le s .

2 . O ther L iza rd s

a . Iguana igu an a

G ross o b s e rv a tio n s  o f  shedd ing  in  I_. ig u an a  re v e a le d  

t h a t  th e  head and neck  shed s e v e ra l  d a y s , to  a  w eek, b e fo re  th e  

t ru n k . The p ro x im al p o r t io n s  o f  th e  t a i l  g e n e r a l ly  s t a r t e d  shedd ing  

to g e th e r  w ith  th e  t r u n k ,  w h ile  th e  d i s t a l  p o r t io n s  o f  th e  t a i l  m ight 

f i n i s h  shedd ing  up to  a  week l a t e r .  Green igu an as  were b io p s ie d  

w eekly from t h e i r  low er jaw  o r g u la r  re g io n . W hile wounds in  th e s e
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a re a s  would no t a f f e c t  th e  "body com partm ents' w a te r l o s s ,  th e y  w ere 

n o t a c c u ra te  I n d ic a to r s  o f  th e  d ev elopm en ta l s ta g e  o f  th e  tru n k  e p i ­

derm is a t  th e  tim e  o f  m easurem ent. T hus, f o r  g reen  ig u an as  m easured 

in  b ra s s  cham bers, th e  renew al phase  was a s s e s s e d  as  l a s t i n g  from  

th e  tim e  th e  g u la r  b io p sy  showed an e a r ly  renew al p h ase  h is to lo g y  

u n t i l  a f t e r  th e  body sh ed . T h is d e f i n i t i o n  makes th e  renew al phase 

ap p ro x im a te ly  one week lo n g e r  th a n  i t  was a t  any one s k in  s i t e .

Many m easurem ents o f  g re e n  ig u an as  were made w ith  

a c r y l ic  cham bers. A lthough th e  v a lu e s  o f  th e  P le x ig la s  ru n s  were 

more v a r ia b le  th a n  b ra s s  chamber ru n s  (s e e  th e  r e s p e c t iv e  s ta n d a rd  

d e v ia t io n s  in  t a b le  2 0 ) , th e y  can be u sed  t o  supplem ent th e  more 

p r e c is e  d a ta .  Most P le x ig la s  m easurem ents were two h ou rs  in  d u ra ­

t i o n ,  and a  d a y 's  ru n s  w ith  one an im al u s u a l ly  l a s t e d  seven  h o u rs  

( one hour p re -d ry in g  and th r e e  2 hour r u n s ) .  Three an im als  were 

m easured o f te n  enough a t  v a r io u s  tim e s  d u rin g  th e  renew al phase  fo r  

t h e i r  d a ta  to  be su b d iv id ed  ( see  t a b l e  2 0 ) . These d a ta  show t h a t  

CWL in c re a s e d  d u rin g  th e  renew al phase  o f  body ep id e rm is  and was 

h ig h  d u rin g  sh ed d in g .

b . Tupinam bis n ig ro p u n c ta tu s

Compartment s tu d ie s  w ere perfo rm ed  on a  s in g le  b la c k  

te g u  (2 .1 3  k g ) . A l a r g e r  head com partm ent, and a  new p i l l o r y  w ere 

c o n s tru c te d  to  f i t  t h i s  an im a l. The an im al was i s o l a t e d  j u s t  a f t e r  

m ost o f  i t s  body had sh ed , th e  e x t r e m i t ie s  shed by th e  tim e  th e  a n i­

m a l 's  second s e t  o f  ru n s  were perfo rm ed  (day th r e e ,  f ig u r e  3 0 ) ,  and 

th e  t a i l  shed  much l a t e r .  Throughout th e  experim en t th e  an im al was 

h e ld  in  a  c o n tro l  te m p e ra tu re  room (30°C) w ith  an a l t e r n a t in g  12 

hour l i g h t :d a r k  c y c le ;  w a te r was p ro v id e d , a lth o u g h  food  was w ith -



Table 20. CWL and the shedding cycle in Iguana iguana.

Animal Mean CWL d u rin g  
number th e  r e s t i n g  phase nc SD

Mean CWL d u rin g  

th e  renew al phase n SD Comments

113 99.83 2 .5 1 0 0 .UT 1 0 .IT G eneral renew al

112

113

307.20

1*19.59

3 lfc.39

UU.iU

337.23

352.75

U2U.15

3 33.30 L ate  g u la r ,  e a r ly

body renew al

2 1 .6 3  Mid g u la r  renew al

8 22 .86  Mid body renew al

1H0  
001

115 352 . 31* 7 1*9.71 386.58 1*9. l6  L ate  body renew al 

-  body shedding

a . B ra s s , m g/0.5  h r

b .  P le x ig la s ,  mg/2 h r

c . Number (o f  days) m easured
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F ig u re  30. CWL in  Tupinam bis n ig ro p u n c ta tu s  (TT 10 as  a  fu n c ­

t i o n  o f  th e  number o f  days a f t e r  th e  i n i t i a l  measurem ent ( th e  dashed 

l i n e  in d ic a te s  th e  tim e  th e  ep id erm is  was in  th e  renew al phase  and 

'S '  in d ic a te s  th e  tim e  o f  sh e d d in g ) . M easurements s t a r t e d  when t h i s  

an im al was j u s t  f in i s h e d  sh ed d in g , and c o n tin u e d  u n t i l  th e  an im al 

d ie d  j u s t  p r io r  t o  th e  n ex t sh ed , f o r  f u r th e r  d e t a i l s  see  t e x t .

1
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h e ld .  The an im al was a n e s th e t iz e d  w ith  Nembutol (8 .3  m g/kg) com­

b in e d  w ith  Valium (2 .5  mg/kg) one hour p r io r  to  s t a r t i n g  th e  ru n s , 

and i t s  c lo a c a  was n o t ta p e d . I t  p roved  d i f f i c u l t  to  work w ith  t h i s  

a n im a l, s in c e  i t s  w eigh t would o f te n  p u l l  i t s  head down th ro u g h  th e  

c o l l a r  and th e  a n im a l 's  s l i g h t e s t  movements in v a r ia b ly  b roke  th e  

head-body s e a l .  I f  th e  p i l l o r y  was made to o  t i g h t  ( th u s  f o r c ib ly  

s u p p o rtin g  th e  body) th e  an im al would s to p  b re a th in g  (whenever t h i s  

happened, th e  engorged tongue  was o u ts t r e tc h e d  and i t  seemed to  

p h y s ic a l ly  i n t e r f e r e  w ith  r e s p i r a t i o n ) .  S e v e ra l tim e s  th e  run  was 

a b o r te d  and th e  an im al was a r t i f i c i a l l y  re v iv e d . T h is an im al o f te n  

u r in a te d  w h ils t  in  th e  cham ber, and u n lik e  to k a y s , t h i s  co u ld  n o t be 

p re v e n te d  by em ptying th e  c lo a c a  w ith  g e n t le  p re s s u re  b e fo re  th e  

ru n . The chamber was p r e - d r ie d  f o r  one h a l f  hour and u s u a l ly  th e  

n ex t th r e e  h a l f  h o u rly  ru n s  w ere re c o rd e d . The mean o f  th e  l a s t  two 

r u n s ,  o r  o f  th e  second ru n  ( i f  th e  l a s t  was a b o r te d ) ,  was u sed  f o r  

a l l  com parisons.

CWL was h ig h  a f t e r  shedding  and i n i t i a l l y  d ec rea sed  d u r­

in g  th e  r e s t i n g  phase  ( f ig u r e  3 0 ). D uring th e  fo llo w in g  p ro longed  

r e s t i n g  p h a se , CWL g ra d u a lly  in c re a s e d . A lthough no m easurem ents 

a r e  in d ic a te d  on th e  g raph  f o r  days 1*0 and 1*8 , m easurem ents were in  

f a c t  ta k e n , however on ly  th e  f i r s t  m easurement fo llo w in g  th e  p re ­

d ry in g  p e r io d  was n o t a b o r te d . In  b o th  c a s e s ,  t h i s  v a lu e  was a lm ost 

e x a c t ly  th e  same as th e  f i r s t  measurement on day 36. Thus i t  would 

seem re a so n a b le  to  b e l ie v e  t h a t  th e  n e x t two m easurem ents would have 

b een  s im i la r  to  th o se  re p o r te d  f o r  day 36 . The peak on day 1*1* i s  

r e l a t e d  t o  th e  rem oval o f  o ld  shed from th e  t a i l  J u s t  p r i o r  t o  th e  

ru n s . T h is peak  p ro b ab ly  co rre sp o n d s  to  th e  d e h y d ra tio n  o f  some
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k e r a t in  in  a d d i t io n  to  tra n s e p id e rm a l w a te r l o s s .  T h is a ls o  e x p la in s  

th e  peak in  th e  f i r s t  measurem ent on day 19 ( th e  second and t h i r d  

m easurem ents t h a t  day were a b o rte d  and th e r e f o r e ,  th e r e  i s  no c o r re ­

sponding  p o in t  on th e  g ra p h ) ,  s in c e  some o f  th e  o ld  shed  was removed 

J u s t  p r io r  to  th e  ru n s . A sh arp  d ip  in  CWL was re c o rd ed  on th e  day 

th e  neck b io p sy  showed a  s ta g e  2 c o n d itio n  (day 6 5 ) .  No te c h n ic a l  

e x p la n a tio n  can be o f f e r e d  fo r  t h i s  sudden d ro p . A sh arp  in c re a s e  

in  CWL was found when th e  neck ep id erm is  was in  a  s ta g e  5 c o n d it io n . 

T h is in c re a s e  was a c tu a l ly  to o  s te e p :  th e  head  s l ip p e d  down from

th e  head  compartment (a lth o u g h  th e  s e a l  was s t i l l  p e r f e c t ) ,  so t h a t  

some w a te r lo s s  w hich would have been no rm ally  a s s o c ia te d  w ith  head 

compartm ent f ig u r e s  was re c o rd ed  as  body w a te r  l o s s .  The l a s t  p o in t 

on t h i s  g raph  r e p re s e n ts  a  p o s t  mortum m easurem ent. The neck ne­

c ro p sy  re v e a le d  a  p o s t-s h e d  c o n d it io n . The f i r s t  measurem ent a f t e r  

d e a th  was a s  h ig h  as  th e  p re c ed in g  day’ s f i r s t  m easurem ent, b u t th e  

l a s t  two (w hich w ere averaged) were c o n s id e ra b ly  lo w er. T his i s  

p ro b ab ly  due to  cu taneous d e h y d ra tio n  fo llo w in g  d e a th . However, CWL 

a t  t h i s  s ta g e  was h ig h e r  th a n  i t  was in  th e  norm al r e s t i n g  c o n d it io n , 

d e s p i te  th e  f a c t  t h a t  th e  an im al was dead .

c . L a c e r ta  l e p id a  and D ipsosaurus d o r s a l i s

Some l a c e r t a s  were m easured w eekly (LL 9 and LL U8), 

w h ile  o th e r  l a c e r t a s  and th e  d e s e r t  iguanas were m easured biw eek­

l y .  Animals were housed in  a  c o n tro l  te m p e ra tu re  room (30°C ), w ith  

an a l t e r n a t in g  12 hour ( l i g h t :d a r k )  p h o to p e rio d . C loacas were no t 

ta p e d  (ex cep t where in d ic a te d )  and a l l  an im als  were a n e s th e t iz e d  

w ith  Nembutol (17-5  mg/kg) combined w ith  Valium (5 m g/kg). Chambers 

w ere p r e - d r ie d  f o r  one h a l f  ho u r and th e  n e x t th r e e  h a l f  h o u r ly  ru n s
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w ere re c o rd e d .

F ig u re s  31-3** show th e  r e l a t i o n s h ip  betw een CWL and 

th r e e  s e q u e n t ia l  h a l f  h o u rly  ru n s  f o r  L a c e r ta  and D ip so sa u ru s . In  

a lm o st a l l  c a se s  th e  f i r s t  measurem ent was h ig h e r  th a n  th e  second 

and th e  second h ig h e r  th a n  th e  t h i r d .  T h is im p ress io n  was s t a t i s t i ­

c a l l y  confirm ed  by perfo rm in g  a  W ilco x o n 's  s ig n ed  ran k  t e s t  f o r  

p a i r e d  o b s e rv a tio n s  ( f o r :  rim s 1 v e rsu s  2 , and ru n s  2 v e rsu s  3 ) ,

f o r  a l l  L a c e r ta  and D ip so sau ru s  (L a c e r ta  1 X 2 ,  P < 0 .0 0 5 ; 2 X 3 ,

P < 0 .0 0 5 ; D ip sosau rus 1 X 2 , P < 0 .0 0 5 ; 2 X 3 , P < 0 .0 0 5 ) . The d i f ­

fe re n c e s  betw een th e  ru n s  e re  to o  la r g e  to  be a s c r ib e d  to  r e s id u a l  

m o is tu re  in  th e  chamber (s e e  p . 5 6 ). T h is s i t u a t i o n  was r a r e ly  

found in  to k a y s  ex cep t when th e  an im als  had r e l a t i v e l y  low r a t e s  o f  

CWL. Due t o  t h i s  r e l a t i o n  betw een CWL and tim e  in  th e  cham ber, o n ly  

th e  t h i r d  ru n  was u sed  f o r  a l l  com parisons.

The s ta g e  in  th e  a n im a l 's  shedd ing  c y c le  co u ld  n o t be 

p re d ic te d  from  i t s  shedd ing  re c o rd . Shedding in  L a c e r ta  was a p p ro x i­

m a te ly  as asynchronous as  i t  was in  I_. ig u a n a . T h e re fo re , th e  s ta g e  

o f  th e  body ep id erm is  a t  th e  tim e  o f  m easurem ent was p ro r a te d  from 

th e  co rre sp o n d in g  g u la r  b io p sy  ( ta b le  2 1 ) .

The ep id erm is  o f  b o th  D ipsosau rus rem ained in  th e  p e r ­

f e c t  r e s t i n g  c o n d itio n  th ro u g h o u t th e  d u ra t io n  o f  t h e i r  ex p erim en t.

Food, b u t n o t w a te r , was w ith h e ld  from f iv e  L a c e r ta  

(LL 9 , LL 1 0 , LL 1 1 , LL 1 5 » and LL 1*8) th ro u g h o u t th e  tim e th e y  were 

m easured . One L a c e r ta  (LL 10) d id  n o t e n te r  a  renew al p h ase . I t s  

second measurem ent was made j u s t  a f t e r  a  claw  b roke  o f f  and a  h ig h  

r a t e  o f  CWL was re c o rd e d  a t  t h i s  t im e . The l a s t  day t h i s  an im al was 

m easured , th e  second ru n  had a  v e ry  low v a lu e  and th e  t h i r d  rim  had
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F ig u re  31. C onsecu tive  h a l f  h o u rly  m easurem ents o f  CWL on 

s e v e ra l  d i f f e r e n t  days f o r  two L a c e r ta  l e p id a .

F ig u re  32. C onsecu tive  h a l f  h o u rly  m easurem ents o f  CWL on 

s e v e ra l  d i f f e r e n t  days f o r  two L a c e r ta  l e p i d a .

F ig u re  33. C onsecu tive  h a l f  h o u rly  m easurem ents o f  CWL on 

s e v e ra l  days f o r  two L a c e r ta  l e p id a .

F ig u re  3U. C onsecu tive  h a l f  h o u rly  m easurem ents o f  CWL on 

s e v e r a l  d i f f e r e n t  days f o r  two D ip sosau rus d o r s a l i s .
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T ab le  21. H is to lo g ic a l  s ta g e  o f  th e  s k in  ta k e n  th e  same 

day from  v a r io u s  body s i t e s ,  f o r  je w e lle d  l a c e r t a s

and a  b la c k  te g u .

S p ec ies Keck

P e c to r a l  Mid P e lv ic  Mid d o rs a l

b e l ly  back b e l l y  t a i l

L a c e r ta  1

L a c e r ta  2

Tupinam bis

PS

pR

PS£

pH

2-3

2

pR

15

3

pR

5

5

PS-pR

pR

a .  O uter g e n e ra t io n  s t i l l  a t ta c h e d
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a v e ry  h ig h  v a lu e .  T h is l a t t e r  s i t u a t i o n  in d ic a te s  a  b a la n c e  m is- 

fu n c tio n  d u rin g  th e  second m easurem ent. I f  th e  ru n s  f o r  th e  second 

day and th e  l a s t  day a re  r e j e c te d  t h i s  a n im a l 's  c o e f f i c i e n t  o f  v a r i ­

a t io n  (CV) re d u c es  to  7-55# ( ta b le  2 2 ) . A nother L a c e r ta  (LL 15) 

a l s o  d id  n o t e n te r  a  renew al phase d u rin g  th e  m easu ring  p e r io d .

One l a c e r t a 1s (LL 9) r a t e  o f  CWL d u rin g  th e  r e s t i n g  

phase  was low and c o n s ta n t (mean, 11 .98  m g/0.5  h o u r; CV = 5.72JS), 

and was h ig h e r  when th e  neck was in  a  s ta g e  2 (1 2 .7  m g/0.5  h o u r) and 

when th e  neck was shedd ing  ( lU .3  m g/0 .5  h o u r ) .  These neck s ta g e s  

p ro b a b ly  co rre sp o n d  to  b e l ly  ep id erm al s ta g e s ,  pR and , r e s p e c ­

t i v e l y .  A nother L a c e r ta  (LL 11) had h ig h  r a t e s  o f  CWL d u rin g  v a r i ­

ous s ta g e s  o f  th e  renew al phase (ll+.9» 1 6 .3 , 15*8, and lU.U m g/0.5 

h o u r) . The neck  b io p sy  co rre sp o n d in g  to  th e  l a s t  m easurem ent showed 

a k e r a t in iz in g  in n e r  a lp h a  la y e r .  The o ld  g e n e ra t io n  was r e ta in e d  

on s e v e r a l  re g io n s  fo r  s e v e ra l  weeks a f t e r  th e  ep id erm is  showed a  

p e r f e c t  r e s t i n g  c o n d it io n . D uring t h i s  p e r io d  th e  r a t e  o f  CWL was 

low er ( r a n g e , 1 0 .3  to  1 3 .0  mg/0 .5  h o u r , n = 7 ) .  However, a n o th e r  

L a c e r ta  (LL 1+8) had ap p ro x im a te ly  th e  same r a t e  o f  CWL d u rin g  th e  

r e s t i n g  and renew al p h a s e s , as a t  th e  tim e  o f  sh ed d in g .

The d ie ta r y  and f l u i d  in ta k e  o f  th r e e  o th e r  l a c e r t a s  

was m an ip u la ted  t o  g a in  some in s ig h t  in to  th e  r e l a t i o n  o f  such f a c ­

t o r s  t o  CWL ( th e s e  r e s u l t s  w ere r e p o r te d  on p . 81+). One o f  th e s e  

an im a ls  (LL 1+9) e n te re d  a  renew al p h a se . I t s  r a t e  o f  CWL d u rin g  th e  

ren ew a l phase  w h ile  i t  was h y d ra te d  was: l k . 2  m g/0.5  h o u r. T h is 

L a c e r ta  was d e p riv e d  o f  w a te r f o r  s e v e r a l  w eeks. In  th e  in te r im  i t  

e n te r e d  a  ren ew al phase and su b se q u e n tly  sh ed . I t s  r a t e  o f  CWL d u r­

in g  th e s e  p e r io d s  was low er th a n  th o s e  m easurem ents ta k e n  d u rin g  th e
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T able  22. The mean r a t e  o f  CWL (m g/0.5  h r )  and i t s  

c o e f f i c i e n t  o f  v a r i a t i o n  f o r  a l l  m easurem ents ta k e n  fo r  e ig h t  

Jew e lled  l a c e r t a s  and two d e s e r t  ig u a n a s .

Mean wt

Animal # N Mean CWL CV (gms)

LL 9 6 12.1+8 8 .62  82 .8

LL 10 9 1 1 .1 0  12 .09  76 .8

LL 11 11 12 .96  16 .29  100.3

LL 15 9 12 .99  1 ^ .3 1  96 .3

LL 1+8 7 12 .73  6 .1 0  109.0

LL 1+9 11 13.1+7 12 .26  69.1+

DD 1 6 3 .28  10.1+5 1+2.5

DD 2 10 3 .92  9 .75  1+3.5
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p re c e d in g  r e s t i n g  p h ase .

A lthough th e  h y d ra tio n  s t a t e  o f  th e  an im ai no rm ally  has 

no e f f e c t  on CWL in  L a c e r ta  (p . 8U),  i t  i s  p o s s ib le  t h a t  d e h y d ra tio n  

can d im in ish  th e  in c re a s e  in  CWL w hich u s u a l ly  accom panies th e  renew­

a l  p h ase  in  o th e r  l a c e r t i l i a n  s p e c ie s .  B ecause th e  ep id erm al co n d i­

t i o n  i s  n o t sy n ch ro n ized  th ro u g h o u t th e  body , i t  i s  im p o ss ib le  t o  de­

te rm in e  th e  e x a c t r e l a t i o n s h ip  betw een CWL and th e  shedd ing  c y c le .

3 . Snakes

a . E laphe o b s o le ta  q u a d r iv i t t a t a

i .  CWL d u rin g  th e  r e s t in g  phase

Many o f  th e  E laphe w hich were m easured w eekly to  

t h r i c e  w eekly d id  no t e n te r  th e  renew al phase  even a f t e r  lo n g  p e r i ­

o d s . W ith th e s e  an im als  i t  was p o s s ib le  t o  c o n s id e r  tem p o ra l changes 

in  CWL w h ile  th e  s u b je c t ’ s ep id erm is  was in  th e  r e s t i n g  c o n d it io n .

Each g raph  in  f ig u r e s  35 and 36 has two c u rv e s .

One r e l a t e s  a b so lu te  CWL (m g/0.5 ho u r) to  e la p se d  days s in c e  th e  i n i ­

t i a l  m easurem ent. The o th e r  cu rve  r e l a t e s  p e rc e n ta g e  changes in  CWL 

betw een su c c e ss iv e  m easurem ents t o  e la p se d  days s in c e  th e  i n i t i a l  

m easurem ent, and th u s  a llo w s v i s u a l i z a t i o n  o f  th e  m agnitude o f  th e  

f lu c tu a t io n s  betw een m easurem ents w ith  tim e .

CWL in c re a s e d  in  E laphe #5 ( f ig u r e  36) a t  a  r a t e  

o f  0 .76  mg/day or 2 .37  m g/m easurem ent, th ro u g h o u t th e  e n t i r e  e x p e r i ­

m en ta l p e r io d . An odd measurem ent o c cu rred  on day 29; th e  in d iv id u a l  

h a l f  h o u rly  ru n s  f o r  t h a t  day w ere: 1 2 k .k t 1 0 2 .5 , 91 . 6 , and 83 .3

m g/0 .5  h o u r. For th e  sake o f  c o n s is te n c y , th e  av erag e  o f  th e  second 

and t h i r d  m easurem ents was u se d , a lth o u g h  i t  i s  obvious t h a t  th e  

r a t e  o f  CWL was c o n s ta n t ly  d e c re a s in g  th ro u g h o u t th e  m easuring  p e r i -
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F ig u re  35. A b so lu te  CWL (open c i r c l e s )  and p e rc e n t d a i ly  changes 

in  CWL (open sq u a re s )  as  a  fu n c tio n  o f  tim e  s in c e  th e  i n i t i a l ,  m easure­

m en t, fo r  fo u r  E laphe o b s o le ta  q u a d r iv i t t a t a  ( th e  dashed  l i n e  i n d i ­

c a te s  th e  tim e  th e  ep id erm is  was in  th e  renew al p h a se , th e  d o tte d  

l i n e  in d ic a te s  th e  tim e t h a t  th e  ep id erm is  showed th e  "odd" r e s t in g  

c o n d it io n , th e  s o l id  l i n e  in d ic a te s  th e  tim e  in  which b o th  an "odd” 

r e s t i n g  c o n d itio n  and a "traum a” r e a c t io n  were fo u n d , 'T 1 in d ic a te s  

th e  tim e  o f  th y ro id ec to m y , 'S ' in d ic a te s  th e  tim e o f  sh ed d in g ) .
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F ig u re  36 . A b so lu te  CWL (open c i r c l e s )  and p e rc e n t d a i ly  changes 

in  CWL (open sq u a re s )  a s  a  fu n c tio n  o f  tim e  s in c e  th e  i n i t i a l  m easure­

ment , f o r  f iv e  E laphe o b s o le ta  q u a d r i v i t t a t a  ( th e  dashed  l i n e  i n d i ­

c a te s  th e  tim e  th e  ep id erm is  was in  th e  renew al p h a se , th e  d o t te d  l i n e  

in d ic a te s  th e  tim e  th a t  th e  ep id erm is  showed th e  "odd" r e s t i n g  co n d i­

t i o n ,  th e  s o l id  l i n e  in d ic a te s  th e  tim e  in  w hich b o th  an "odd" r e s t ­

in g  c o n d it io n  and a  " traum a" r e a c t io n  were fo u n d , 'T ' i n d ic a te s  th e  

tim e  o f  th y ro id ec to m y , 'S ' in d ic a te s  th e  tim e  o f  sh e d d in g ) .
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od. T h is  t r e n d  was a ty p ic a l  f o r  t h i s  an im a l. For exam ple, on day- 

78 th e  f i r s t  ru n  (126 . 5 ) had ap p ro x im ate ly  th e  same v a lu e  as  th e  

f i r s t  run  on day 29 , b u t th e  subsequen t ru n s  ( 121 .9  and 122 . 1 ) d id  

n o t d e c re a se . Thus th e  co n tin u o u s  d e c rea se  d u rin g  day 29 was p ro b ­

a b ly  due to  p ro lo n g ed  d ry in g  o f  a  sm a ll amount o f  u n d e te c te d  u r in e  

( t h i s  a n im a l 's  c lo a c a  was n o t ta p e d ) .

O ften  in  r a t  snakes w hich showed a  p ro lo n g ed  r e s t i n g  

phase  th e  s u c c e ss iv e  v a lu e s  o f  CWL f lu c tu a te d ,  t h a t  i s ,  in c re a s e d  

and th e n  d e c rea se d . T h is a l t e r n a t io n  can be seen  in  E laphe #5 d u rin g  

th e  f i r s t  tw en ty  days and betw een days UO and 6 0 .

These an im als  showed some u n u su a l p a t te r n s  o f  e p i ­

derm al a c t i v i t y  by com parison w ith  th e  norm al shedd ing  c y c le .  The 

b io p sy  on th e  s ix th  day ( f ig u r e  37) showed a  t y p i c a l  p e r f e c t  r e s t i n g  

c o n d itio n  (M aderson, C hiu , and P h i l l i p s ,  1970b). On day 10 ( f ig u r e  

38 ) th e  g e rm in a l la y e r  su g g es ted  renewed p r o l i f e r a t i v e  a c t i v i t y ,  bu t 

b io p s ie s  on days 13 and 17 ( f ig u r e s  39 and 1+0 ) showed m ain tenance  o f  

t h i s  "odd" c o n d it io n , w ith  no in d ic a t io n  o f  th e  o n se t o f  th e  renew al 

p h a se . T h is "odd" c o n d itio n  was seen  up to  th e  tim e  o f  th y ro id ec to m y  

on day 69 .

The o v e r a l l  change in  CWL in  E laphe §1 ( f ig u r e  35) 

m easured a t  200 cc /m in u te  w as: 0 .29  mg/day o r 0 .9 8  m g/m easurem ent.

There was no d e f i n i t e  t r e n d  in  th e  p a t t e r n  o f  f lu c tu a t io n s  th ro u g h ­

o u t th e  ex p erim en t. T h is an im al had p e r io d s  in  w hich th e  o v e r a l l  

r a t e  o f  CWL was s ta b le  (days 10 t o  30 , 1+1 to  72 , and 91 t o  108) a l ­

t e r n a t in g  w ith  p e r io d s  in  which CWL g e n e r a l ly  in c re a s e d  (days 31 to  

1+1, and 76 to  9 1 ) . From day 108 on , th e  flow  was changed t o  a p p ro x i­

m ate ly  1+00 c c /m in u te . I t  was hoped t h a t  t h i s  change would red u ce
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F ig u re  37. Photom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

E laphe sk in  in  th e  p e r f e c t  r e s t i n g  c o n d it io n . Arrows in d ic a te  p y c - 

n o t ic  n u c le i  w ith in  th e  a lp h a  l a y e r ,  f o r  o th e r  symbols see  f ig u r e  1 .

F ig u re  38 . Pho tom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

E laphe sk in  in  th e  "odd" r e s t i n g  c o n d it io n . A lthough th e  g e rm in a l 

c e l l s  a re  a c t iv e  (colum nar) th e r e  i s  no s ig n  o f  a  c le a r  l a y e r  w hich 

c h a r a c te r iz e s  e a r ly  renew al ( f o r  symbols see  f ig u r e s  1 and 37)•

F ig u re  39* Photom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

E laphe s k in  in  th e  "odd" r e s t i n g  c o n d it io n . T h is b io p sy  was ta k e n  

s e v e r a l  days a f t e r  th e  one i l l u s t r a t e d  in  f ig u r e  38 , y e t  th e r e  i s  

s t i l l  no s ig n  o f  g e n e ra tio n  fo rm atio n  ( f o r  symbols see  f ig u r e s  1 and

3 7 ).

F ig u re  ^0. Photom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

E laphe sk in  in  th e  "odd" r e s t i n g  c o n d it io n . T h is  b io p sy  was ta k e n  

s e v e ra l  days a f t e r  th e  one i l l u s t r a t e d  in  f ig u r e  39* By t h i s  tim e  

th e  a lp h a  la y e r  i s  c o n s id e ra b ly  t h ic k e r  th a n  norm al ( f o r  symbols see 

f ig u r e s  1 and 3 7 ).
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F ig u re  U l. Photom icrograph th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

E laphe s k in  in  th e  "odd" r e s t in g  c o n d it io n  showing a  traum a r e a c t io n  

The "odd" r e s t i n g  c o n d itio n  i s  much advanced compared t o  f ig u r e  UO. 

There a re  many la y e r s  o f  f l a t t e n e d  immature c e l l s .  Between th e  imma 

t u r e  c e l l s  and th e  a lp h a  la y e r  a re  n e s ts  o f  m ig ran t e o s in o p h ils  (E) 

( f o r  o th e r  symbols see  f ig u r e s  1 and 37)-
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th e s e  f l u c tu a t io n s .  The r a t e  o f  CWL was h ig h e r  a t  1*00 c c /m in u te , a l ­

th ough  th e  d a i ly  f lu c tu a t io n s  s t i l l  p e r s i s t e d .

On day 31 th e  ep id erm is  showed th e  "odd" ep iderm al 

c o n d i t io n ,  which p e r s i s t e d  u n t i l  th e  end o f  th e  experim en t w ith o u t 

th e  an im al e n te r in g  a  renew al p h ase . On day 98 th e  ep id erm is  had a 

traum a r e a c t io n ,  t h i s  was found on a l l  subsequen t neck b io p s ie s .

D uring th e  r e s t i n g  p h a se , E laphe #7 ( f ig u r e  36) d id  

n o t show much v a r i a t i o n  betw een m easurem ents and th e r e  was no t r e n d  

f o r  th e  r a t e  o f  CWL to  in c re a s e  th ro u g h o u t th e  m easuring  p e r io d .

On day 65 th e r e  w ere d e f i n i t e  s ig n s  o f  an "odd"

r e s t i n g  h i s to lo g y ,  how ever, sub seq u en t b io p s ie s  d id  n o t r e v e a l  any 

ev id en ce  o f  an ep id erm al traum a r e a c t io n .

The r e s u l t s  f o r  E laphe #2 ( f ig u r e  35) a re  d iv id e d

in to  two p a r t s .  T h is an im al was m easured p e r io d ic a l ly  over a  t h i r t y -

th r e e  day p e r io d ,  n o t m easured f o r  th i r ty - s e v e n  d a y s , th e n  i t  was 

th y ro id e c to m iz e d  and m easured ap p ro x im a te ly  t h r i c e  w eekly t h e r e a f t e r .  

CWL d u rin g  t h i s  a n im a l 's  r e s t i n g  phase was rem arkab ly  c o n s ta n t .  The

b io p sy  ta k e n  on day f i f t e e n  showed t h a t  th e  g e rm in a l c e l l s  were dense

and co lum nar, and th e  n ex t b io p sy  on day 21 d id  n o t seem to  be more 

advanced. However, on days 28 and 33 th e r e  were d e f i n i t e  s ig n s  o f  

an "odd" ep id erm al c o n d it io n . T h is  an im al shed n a tu r a l l y  on day 6 3 , 

w hich means i t  p ro b ab ly  e n te re d  a  renew al phase  on day 1+9, o r  s ix ­

te e n  days a f t e r  th e  f i r s t  s e r i e s  o f  ru n s  was te rm in a te d .

A f te r  shedd ing  on day 28 , E laphe #6 ( f ig u r e  36)

showed a  f a i r l y  c o n s ta n t sm a ll r i s e  in  CWL o f  0 .32  mg/day o r  1 .5

m g/m easurem ent. On day 59 i t s  s k in  showed an "odd" r e s t i n g  co n d i­

t i o n  which was m a in ta in ed  f o r  th e  n e x t two b io p s ie s .



-130-

E laphe #3 ( f ig u r e  35) was fe d  th e  day a f t e r  each 

w eekly ex p erim en t. For th e  f i r s t  85 days o f  th e  experim en t th e  a n i­

mal was m a in ta in ed  a t  c o n s ta n t h u m id ity , by keep in g  i t  on a  mesh g r id  

above w a te r in  a te n  g a llo n  ta n k .  For th e  rem ainder o f  th e  e x p e r i­

m ent, am bient h u m id ity  was n o t c o n t r o l le d .  A lthough CWL g e n e ra l ly  

in c re a s e d  d u rin g  th e  p ro lo n g ed  r e s t i n g  p e r io d ,  th e r e  were la rg e  f l u c ­

tu a t io n s  w hich d id  n o t show any p a r t i c u l a r  p a t t e r n .  No "odd” e p i­

derm al c o n d itio n  was observed  d u rin g  th e  i n i t i a l  p ro lo n g ed  re s t in g '* *  

p e r io d , b u t such d id  c h a r a c te r iz e  th e  second , b e g in n in g  e ig h te e n  days 

a f t e r  shedding  ( th e  s e v e n ty - s ix th  day o f  th e  e x p e r im e n t) , and l a s t i n g  

th ro u g h  th e  end o f  th e  ex p erim en t. A traum a r e a c t io n  was seen  in  th e  

l a s t  b io p sy .

E laphe §8 ( f ig u r e  3 6 ) was h e ld  a t  h ig h  h u m id ity  and 

t r e a t e d  in  th e  manner d e sc r ib e d  f o r  E laphe #3, ex cep t t h a t  E laphe 

#8 ' s  f i r s t  measurement was perform ed a t  a  low flow  r a t e  o f  200 e c /  

m in u te . E laphe #8 e x h ib i te d  a  f a i r l y  s te e p  r i s e  in  CWL o f :  0.1*1*

mg/day o r 2.1*8 m g/m easurem ent, d u rin g  i t s  r e s t i n g  p e r io d .  The neck 

b io p sy  ta k e n  on day 0 showed an "odd" r e s t i n g  h i s to lo g y ,  and from 

day 7 on a l l  b io p s ie s  showed a  traum a r e a c t io n .

E laphe #9 ( f ig u r e  3 6 ) was h e ld  a t  a  c o n s ta n t  low 

h u m id ity  by p la c in g  th e  an im al in  a  t e n  g a l lo n  ta n k  on a  w ire  mesh 

su p p o rt over D r i e r l t e .  T h is an im al was fe d  one day a f t e r  each  week­

l y  m easurem ent. I t s  f i r s t  measurem ent was a ls o  perform ed  a t  an a i r  

flo w  r a t e  o f  ap p ro x im a te ly  200 c c /m in u te . The r i s e  in  CWL d u rin g  

th e  m easuring  p e r io d  was: 0 .76  mg/day o r  1*.0 m g/m easurem ent. A

b io p sy  ta k e n  on th e  day o f  th e  l a s t  measurem ent shoved a  p o s s ib le  

"odd" r e s t i n g  c o n d it io n .
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E laphe ifk ( f ig u r e  35) was m easured d u rin g  two p ro ­

lo n g ed  r e s t i n g  p e r io d s  s e p a ra t in g  th r e e  n a tu r a l  renew al p h ases  and 

sh ed s . D uring b o th  p ro longed  r e s t i n g  p e r io d s  th e r e  w ere sh arp  in ­

c re a s e s  in  CWL: f o r  th e  f i r s t ,  0-73 mg/day o r  3 .5  m g/m easurem ent;

and f o r  th e  second , 0 .59  mg/day o r  3 .05  m g/m easurem ent. No b io p ­

s i e s  were ta k e n  d u rin g  th e  f i r s t  c y c le ,  how ever, th e  b io p sy  a t  day 

59 showed an "odd" r e s t i n g  c o n d it io n  and by day 71 th e r e  w ere unmis­

ta k a b le  s ig n s  o f  such . There were no m ic ro sco p ic  in d ic a t io n s  o f  a  

traum a r e a c t io n  in  any o f  th e  b io p s ie s  o f  t h i s  an im al. The l a s t  

measurem ent (day  96 ) was made j u s t  a f t e r  th e  an im al d ie d , 

i i .  CWL d u rin g  th e  renew al phase

ex. One m easurem ent p e r  c y c le : Chamber d e te rm in a ­

t io n s  o f  CWL d u rin g  th e  r e s t i n g  phase  were made a t  a  flow  r a t e  o f  

200 cc /m in , fo r  tw e lv e  E laphe which w ere n o t p re v io u s ly  s t r e s s e d  th a t  

c y c le .  T h e ir  mean r a t e  o f  CWL (72 .9 5  m g/0 .5  h r )  was n o t s i g n i f i ­

c a n t ly  d i f f e r e n t  (P > 0 .0 5 ; th e  Mann-Whitney U t e s t  was u sed  f o r  

t h i s  and a l l  subsequen t s t a t i s t i c a l  t e s t s  r e p o r te d  in  t h i s  s e c t io n )  

from  s im ila r  m easurem ents o f  seven r a t  snakes m easured a t  U00 c c /  

m inu te  (mean CWL 108 .89  m g/0 .5  h r ) .  T h e re fo re  a l l  th e  r e s t i n g  phase 

d a ta  w ere combined. Animals m easured a t  th e  c loudy  eye s ta g e ,  o r  a t  

th e  p re /p o s t- s h e d  d id  n o t d i f f e r  s i g n i f i c a n t l y  in  w eigh t (c lo u d y  eye 

mean w e ig h t: h 07 .3  gms; p r e /p o s t- s h e d  mean w e ig h t: 377*5 gm s), n o r

in  CWL (0 .1  < P < 0 .0 2 , c loudy  eye mean CWL: l h l . 5  m g/0 .5  h o u r; p r e /

p o s t- s h e d  mean CWL: 1 1 0 .7  m g/0 .5  h o u r ) .  S in ce  th e  w e ig h ts  o f  th e

an im als  m easured w h ils t  in  th e  r e s t i n g  phase (mean w e ig h t: 330

gram s) w ere n o t s i g n i f i c a n t l y  d i f f e r e n t  ( 0 .H < P < 0 .8 )  from th o s e  

in  th e  renew al phase  (mean w eigh t 390 g ram s), t h e i r  a b s o lu te  r a t e s
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o f  CWL w ere d i r e c t l y  compared. CWL m easured d u rin g  th e  r e s t i n g  

phase  (n = 19* mean CWL 86 .19  m g/0 .5  hou r) was s i g n i f i c a n t l y  d i f f e r ­

e n t {0.002 < P < 0 .0 1 ) th a n  CWL m easured d u rin g  th e  renew al phase 

(n  = lU , mean CWL 123*92 m g/0.5  h o u r) .

CWL f o r  th e s e  and o th e r  r a t  snakes m easured 

once p e r  c y c le  was ex p re ssed  in  term s o f  s u r fa c e  a re a  by u s in g  th e  

r e g re s s io n  e q u a tio n : SA = 12.5W0*67. These an im als  were d iv id e d

in to  fo u r  groups depending  on t h e i r  ep id erm al c o n d it io n  ( ta b le  2 3 ) . 

T h is  t a b l e  shows: l )  t h a t  th e r e  was a  s i g n i f i c a n t  d e c re a se  in  CWL

from th e  p o s t-sh e d d in g  c o n d itio n  to  th e  r e s t i n g  phase (0 .001  < P <

0 .0 0 5 ) , 2) t h a t  CWL in c re a s e d  s ig n i f i c a n t l y  from th e  r e s t i n g  phase 

t o  th e  renew al phase (0 .0 0 1  > P ) ,  and 3) t h a t  CWL does n o t s i g n i f i ­

c a n t ly  change from th e  renew al phase  to  th e  p re -sh e d  p e r io d  (0 .1  < 

P ) .

6. S e v e ra l m easurem ents p e r  c y c le : D uring chamber 

m easurem ents fo u r an im als  n a tu r a l ly  e n te re d  th e  renew al p h ase . Most 

o f  th e  d a ta  f o r  th e s e  an im als su p p o rt th e  g e n e ra l  model ( f ig u r e  1+2) 

and w i l l  n o t be f u r th e r  d is c u s s e d . E laphe #7 showed no in c re a s e  in  

CWL d u rin g  any p a r t  o f  th e  renew al p h a se , b u t d id  show a  s l i g h t  drop 

in  CWL d u rin g  th e  p re -sh e d  p e r io d  and a  f u r th e r  drop a f t e r  sh ed d in g . 

E laphe #6 had an in c re a s e  in  CWL d u rin g  th e  renew al p h a se , and a 

sh arp  drop d u rin g  e a r ly  s ta g e  5 , th e  s ta g e  in  w hich a  sh a rp  in c re a s e  

was ex p ec ted . However, t h i s  d is c re p a n c y  can be e x p la in e d . A lthough 

b io p s ie s  were n o t ta k e n  when t h i s  an im al was m easured , on th e  b a s is  

o f  th e  f a c t  t h a t  t h i s  an im al shed two days l a t e r ,  i t  may be e s t im a t­

ed to  have been in  an e a r ly  s ta g e  5 a t  th e  tim e  o f  th e  m easurem ent. 

However, a t  th e  tim e  o f  shedd ing  i t s  o u te r  g e n e ra tio n  was d ry  and
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T able 23. CWL (mg/cm2/h r )  in  E laphe o b s o le ta  

a u a d r i v i t t a t a , m easured once p e r  c y c le .

E piderm al

c o n d itio n N

Mean

CWL SD

P o s t-sh e d

R est

Renewal

P re -sh e d

9

17

12

8

0.158

0.121

0 .2 0 1

0.160

0.0355

0.0230

0.0690

0 . 0U80

--v
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F ig u re  k2.  The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le  o f  

E laphe #6 (open c i r c l e s ) ,  E laphe #U (open s q u a r e s ) ,  E laphe #3 (open 

t r i a n g l e s )  and E laphe #7 (open s t a r s ,  f o r  o th e r  symbols see  f ig u r e  

1 5 ) .

F ig u re  U3. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le  o f  

E laphe #5 (open c i r c l e s ) ,  E laphe #10 (open s q u a r e s ) ,  E laphe #11 (open 

t r i a n g l e s ) ,  and th e  shedd ing  c y c le s  o f  E laphe #2 (shaded  s t a r s  -  

f i r s t  c y c le ,  open s t a r s  -  second c y c le ,  f o r  o th e r  symbols see  f ig u r e  

1 5 ) .
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b r i t t l e ,  su g g e s tin g  t h a t  th e  lo s s  o f  th e  o u te r  g e n e ra tio n  had been  

d e lay e d . Thus th e  p ro r a te d  s c o r in g  o f  an e a r ly  s ta g e  5 may have been 

a  f u l l  s ta g e  o f f .  As e x p ec te d , t h i s  a n im a l’ s subsequen t measurement 

w h ile  i t  was in  a  p o s t-sh e d d in g  c o n d itio n  was s u b s t a n t i a l l y  low er 

th a n  th e  p re v io u s  m easurem ent.

Four an im als  were th y ro id e c to m iz e d  so t h a t  more 

d a ta  cou ld  be o b ta in e d  in  a  p r e d ic ta b le  manner on th e  r e l a t i o n  b e ­

tw een shedding  and CWL in  r a t  sn ak es . S e v e ra l p re v io u s  r e p o r ts  in ­

d ic a te d  t h a t  th y ro id ec to m y  on ly  a f f e c t s  th e  le n g th  o f  th e  r e s t i n g  

phase w h ile  th e  renew al phase  i s  u n a ffe c te d  (Chiu and Lynn, 1970ab; 

M aderson, C hiu , and P h i l l i p s ,  1970a). I t  was f e l t  t h a t  t h i s  was a  

s t ro n g  r a t io n a le  f o r  assum ing t h a t  CWL o f  th y ro id e c to m iz e d  an im als 

d u rin g  th e  renew al phase would resem ble  t h a t  o f  u n o p e ra ted  an im a ls .

CWL in c re a s e d  d u rin g  th e  renew al phase o f  

E laphe #5 , #10, and #11 ( f ig u r e  1+3). E laphe # 2 's  f i r s t  c y c le  showed 

alm ost no change in  CWL th ro u g h o u t th e  renew al p h a se , and d u rin g  th e  

second  c y c le  CWL a c tu a l ly  d e c rea se d .

M easurem ents were a ls o  re c o rd ed  d u r in g  th e  r e s t ­

in g  and renew al ph ases  f o r  o th e r  r a t  snakes n o t s u b je c te d  to  w eekly 

m easuring  reg im es. In  g e n e ra l  th e s e  r e s u l t s  ( ta b le  2h) su p p o rt th e  

d a ta  o b ta in e d  by m easuring  an an im al s e v e ra l  tim es  w eekly . The un­

u s u a l ly  h ig h  v a lu e  f o r  E laphe #5 a t  th e  end o f  th e  r e s t i n g  phase  was 

p ro b ab ly  due t o  th e  h ig h e r  flow  r a t e  u sed  f o r  t h a t  m easurem ent (255 

c c /m in u te ) compared to  th e  flow  r a t e  u sed  f o r  i t s  o th e r  ru n s  conduct­

ed d u rin g  th e  renew al phase (ran g e : 192 to  212 c c /m in u te ) .

b . C o n s t r ic to r  c o n s t r i c t o r

The r e l a t i o n  betw een th e  shedd ing  c y c le  and CWL was



Table 2 k .  CWL (mg/O.5 hr) during the shedding cycle in irregularly measured Elaphe obsoleta
q u a d r iv i t t  a t a .

F i r s t  F i r s t  Second Second

Animal p o s t-s h e d  r e s t  Renewal P re -sh ed  p o s t-s h e d  r e s t

E laphe #5 99-k  (pR)a  137-2 (mU) 135-0 132 .2  (Op)

E laphe 05 152 .3  (1R) 130 .0  119-0 (Op) 7U.0 (pR)

E laphe §1 1 3 ^ .1  ( lp )  63-8 (pR) i

E laphe #12 70 .7  (Op) 7 k .0 (pR) 7 8 .7  (ek ) 1

69-7  (2p)

E laphe #13 86 .5  (pR) 121*.3 (e5 )

87-6  (pR)

E laphe § lk  155-3 137-1 (Op) 108-9 (pR)

u>
—5

a .  S tage  in  th e  shedding  c y c le ,  see  f ig u r e  15-
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a ls o  in v e s t ig a te d  in  tv o  "boa c o n s t r i c t o r s ,  f o r  s e v e ra l  c y c le s .  Both 

"boas were a c c lim a te d  to  30°C and a  tw e lv e  hour p h o to p e rio d  f o r  one 

and a  h a l f  shedding  c y c le s  (two and a  h a l f  m onths) p r io r  to  i s o l a ­

t i o n .  D uring th e  a c c lim a tio n  p e r io d  th e y  w ere fe d  w eekly and had 

c o n s ta n t a c c e ss  to  a  sm all w a te r in g  d is h  (which th e y  co u ld  n o t f i t  

i n t o ) .  Both boas w ere g a in in g  w eigh t and were judged  to  be in  good 

c o n d itio n  p r i o r  t o  i s o l a t i o n .  Each was t r a n s f e r r e d  from a  la r g e  

h o ld in g  cage in  a  c o n t r o l  te m p e ra tu re  room t o  a  t e n  g a llo n  ta n k  (a  

w ire  su p p o rt p re v e n ted  t h e i r  c o n ta c t w ith  any excrem ent) in  a  BOD 

box. Once i s o la t e d  th e y  d id  n o t have a c c e ss  to  fo o d , a lth o u g h  w a te r 

was su p p lie d .

Animals were a n e s th e t iz e d  w ith  Nembutol (10 mg/kg o f  a 

2.5% s o lu t io n  in  is o to n ic  s a l in e )  in  com bination  w ith  Valium (3 .3  

mg/kg o f  a  0 .5#  s o lu t io n  o f  i n j e c ta b le  V alium ), in je c te d  su b cu ta n e - 

o u s ly  in  th e  g u la r  re g io n . D uring th e  fo llo w in g  hour th e  an im als  

w ere checked t o  see  i f  th e y  would r e q u ir e  an a d d i t io n a l  dose t o  keep 

them ou t f o r  th e  d u ra t io n  o f  th e  ex p erim en t. O c ca s io n a lly  an an im al 

showed enough a c t i v i t y  t o  b reak  th e  head-body s e a l .  When t h i s  oc­

c u rre d  i t  was removed and a llow ed  a t  l e a s t  th r e e  days ( u s u a l ly  seven) 

to  re c o v e r  b e fo re  th e  p ro ced u re  was re p e a te d . T h e ir  c lo a c a s  w ere 

n o t ta p e d . The snakes were p la ce d  in to  th e  chamber by fo ld in g  them 

back on th e m se lv e s . The exhaust flow m eters were p e r io d ic a l ly  checked 

f o r  s ig n s  o f  r e s p i r a t i o n .

F ig u re  UH shows th e  r e s u l t s  o f  th r e e  s e t s  o f  ru n s  f o l ­

low ing a  one h a l f  hour p re -d ry in g  o u t p e r io d  a t  hOO c c /m in u te . F re ­

q u e n tly  th e  r a t e  o f  CWL k ep t d e c re a s in g  p a s t  th e  amount o f  tim e  t h a t  

was a v a i l a b le  t o  m easure t h a t  an im a l. The ru n s  f o r  each  an im al were
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F ig u re  UU. Three t y p i c a l  CWL ru n s  fo r  C o n s tr ic to r  c o n s t r i c t o r , 

shown a s  a  fu n c tio n  o f  co n se c u tiv e  h a l f  h o u r ly  m easurem ents (open 

c i r c l e s  -  CC 2 ; shaded c i r c l e s  -  CC 1 , March 23 ru n ; open t r i a n g l e s  

-  CC 1 , May 12 ru n ) .  P ro b ab ly  i t  i s  o n ly  f o r tu i to u s  t h a t  th e  v a lu e  

f o r  th e  f i r s t  i n t e r v a l  f o r  CC 2 c o in c id e s  w ith  th e  f i r s t  i n t e r v a l  

f o r  th e  May 12 run  o f  CC 1.
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compared as  p a i r e d  o b s e rv a tio n s  u s in g  a  W ilcoxon 's  s ig n ed  ran k  t e s t  

( t a b le  2 5 ). S in ce  th e r e  was a  s ig n i f i c a n t  d e c rea se  th ro u g h  th e  

f i r s t  th r e e  ru n s ,  th e  t h i r d  ru n  was u sed  f o r  a l l  com parisons.

The e x p e rim en ta l p ro to c o l  o u t l in e d  above seemed to  

s t r e s s  th e  an im als  and th e y  d id  n o t shed  n o rm a lly . U su a lly  th e  o u t­

e r  g e n e ra tio n  i s  q u i te  m o is t when i t  i s  shed ( t a b le  l 6 ) ,  and i t  does 

n o t s t i c k  to  th e  u n d e rly in g  g e n e ra t io n . D uring t h i s  experim en t th e  

snakes n ev er shed p r o p e r ly ,  th e  o u te r  g e n e ra tio n  seemed t o  d ry  ou t 

and rem ained  s tu c k  to  th e  in n e r  g e n e ra t io n . I f  th e  snakes d id  no t 

shed  w ith in  s e v e ra l  days a f t e r  th e  c le a r in g  o f  th e  s p e c ta c le ,  i t  was 

obv ious t h a t  th e y  cou ld  no lo n g e r  remove t h e i r  o ld  g e n e ra t io n . I t  

was m anually  removed by h o ld in g  th e  snake under luke-w arm  w a te r (ap ­

p ro x im a te ly  30°C) fo r  a  few seco n d s , th e n  p e e lin g  o f f  some sh ed , and 

th e n  th e  e n t i r e  p ro ced u re  was re p e a te d . I t  i s  p o s s ib le  to  remove th e  

o u te r  g e n e ra tio n  j u s t  a f t e r  th e  s p e c ta c le  c l e a r s ,  s in c e  t h a t  g en era ­

t i o n  i s  alw ays m o is t a t  t h i s  tim e . However, i f  t h i s  i s  done, th e  

b e ta  la y e r  o f  th e  im m ature in n e r  g e n e ra tio n  k e r a t in i z e s  abno rm ally . 

T h e re fo re , th e  o u te r  g e n e ra tio n  was n o t removed u n le s s  th e  anim al 

showed ev id en ce  o f  a  " r e ta in e d  sh ed " .

F ig u re s  and k6 c l e a r l y  show th a t  when th e  shed  was 

r e ta in e d  th e  r a t e  o f  CWL was alw ays low er th a n  i t  was e a r l i e r  d u rin g  

th e  renew al phase  o f  th e  shedding  c y c le .  I t  i s  p ro b ab ly  f o r tu i to u s  

t h a t  a l l  o f  CC l ' s  r e ta in e d  shed v a lu e s  were so s im i la r  ( f ig u r e  i+5). 

There was a  g e n e ra l  d e c rea se  in  CWL d u rin g  th e  r e s t i n g  phase and an 

in c re a s e  d u rin g  th e  renew al p h ase . S ince  th e  m easurem ents were 

u s u a l ly  seven  days a p a r t  o n ly  one m easurem ent was ta k en  d u rin g  th e  

m iddle  o f  th e  renew al phase (u s u a l ly  when th e  eye was c lo u d y ) in
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T able 25. Mean CWL (m g/0.5  h r )  f o r  th r e e  s e q u e n t ia l  

h a l f  h o u rly  ru n s  fo r  two C o n s tr ic to r  c o n s t r i c t o r .

F i r s t  run  Second ru n  T h ird  ru n

CC 1 88 .30  a  77-95 b 75 .93

CC 2 92.06  a  88 .01  a  79-56

a . P < 0 .005

b . 0 .005 < P < 0 .0 1 .
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F ig u re  1*5. The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le s  o f

CC 1 (open c i r c l e s  -  f i r s t  c y c le ,  open sq u ares  -  second c y c le ,  open

t r i a n g l e s  -  t h i r d  c y c le ,  shaded c i r c l e s  -  f o u r th  c y c le ,  shaded sq u are  

-  f i f t h  c y c le ,  R -  r e ta in e d  sh ed ; f o r  o th e r  symbols see  f ig u r e  15)* 

F ig u re  1*6. The p a t t e r n  o f  CWL d u rin g  th e  shedding  c y c le s  o f

CC 2 (open c i r c l e s  -  f i r s t  c y c le ,  open sq u a res  -  second c y c le ,  open

t r i a n g l e s  -  t h i r d  c y c le ,  shaded c i r c l e  -  f o u r th  c y c le ,  R -  r e ta in e d  

sh ed ; f o r  o th e r  symbols see  f ig u r e  15 )-
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each  c y c le . Only d u rin g  th e  second c y c le  o f  CC 1 were two m easure­

m ents made d u rin g  th e  renew al p h ase . In  t h i s  c a s e , CWL was h ig h e r  

d u rin g  th e  e a r ly  renew al phase  th a n  d u rin g  th e  r e s t i n g  p h a se , and 

was h ig h e r  s t i l l  as th e  eye c le a re d  a t  s ta g e  5*

C. THE SHEDDING CYCLE AMD CAPSULE DETERMINATIONS OF CWL

Anim als m easured w ith  cap su le s  w ere u s u a l ly  a cc lim a te d  in  th e  

same manner as  were members o f  th e  same s p e c ie s  u sed  in  chamber 

s tu d ie s .

1 . D uring th e  R es tin g  and Renewal Phases

a . Gekko gecko

The r e la t io n s h ip  betw een th e  shedd ing  c y c le  and CWL was 

in v e s t ig a te d  fo r  th r e e  la rg e  to k ay s ( f ig u r e  UT). Tokay H was mea­

su red  fo r  two s e t s  o f  two c o n se c u tiv e  c y c le s  each . The two s e t s  

were s e p a ra te d  by s e v e ra l  c y c le s .  M id -s ized  cap su le s  (#3) were 

u sed  f o r  a l l  to k a y s , excep t f o r  to k ay  H 's  c y c le s  3 and 1*, f o r  which 

la r g e  c ap su le s  (L) were employed.

D uring to k ay  H 's  c y c le s  1 and 3 , th e  r a t e  o f  CWL in ­

c re a se d  from  th e  p o s t-s h e d  c o n d itio n  to  th e  end o f  t h a t  c y c l e 's  r e ­

new al p h ase . In  to k ay  H 's  second c y c le ,  CWL was m easured tw ic e  

soon a f t e r  shedding  (0 and 1 day p o s t ) .  Tokay H 's  r a t e  o f  CWL de­

c re a se d  betw een th e s e  two m easurem ents. T h is b a s ic  r e l a t io n s h ip  

betw een th e  shedding  c y c le  and CWL was a ls o  found f o r  th e  o th e r  two 

to k a y s  exam ined.

T able  26 p re s e n ts  a  summary o f  c a p su le  d a ta  on to k ay s  

m easured once in  a  p re v io u s ly  u n s tre s s e d  c y c le ,  w ith  a  m id -s iz e d  

c a p su le  (# 3 ) . An a n a ly s is  o f  v a r ia n c e  was c a r r ie d  o u t on th e s e
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F ig u re  47, C apsule d e te rm in a tio n s  o f  CWL d u rin g  th e  shedding  

c y c le s  o f  Tokay H (open c i r c l e s  -  f i r s t  c y c le ,  m id -s iz e d  c a p su le ; 

open sq u ares  -  second c y c le ,  m id -s iz e d  c a p s u le ;  shaded sq u a res  -  

t h i r d  c y c le ,  la r g e  c a p s u le ;  shaded t r i a n g l e  -  f o u r th  c y c le ,  la r g e  

c a p su le )  and th e  shedding  c y c le  o f  Tokay BB (open t r i a n g l e s ,  mid­

s iz e d  c a p su le )  and Tokay CC (shaded  c i r c l e s ,  m id -s iz e d  c a p s u le ,  fo r  

o th e r  symbols see  f ig u r e  1 5 ) .
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Table 26. Capsule determinations of CWL (mg/hr) during
the shedding cycle, for Gekko measured only once per cycle.

E p id e r m a l

s t a g e

P o s t - s h e d

P e r f e c t  r e s t  

t h r o u g h  s t a g e  2

S tag e  3

S ta g e  U

S t a g e  5

S ta g e  6

Mean

N CWL SD

12 1.U8 0.82

13 1.U6 0 .6 l

9 1 .3 8  0 . 5I+

lU 1 .U8 0.72

5 2.10  1.82

5 2 .8 0  2 .38
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d a t a ,  a n d  sh o w ed  t h a t  t h e  g r o u p s  w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

f r o m  e a c h  o t h e r .  H o w e v e r, i t  s h o u ld  h e  n o t e d  t h a t  d e s p i t e  t h e  l a r g e  

i n t r a g r o u p  v a r i a b i l i t y  t h e  m ean  g r o u p  CWL c o n fo rm s  t o  t h e  t r e n d  p r e ­

v i o u s l y  d e s c r i b e d .

b .  L a c e r t a  l e p i d a

C apsule m easurem ents w ere made on th r e e  L a c e r ta  u s in g  a  

m id -s iz e d  c a p su le  (# 3 ) . I t  was d i f f i c u l t  t o  a n e s th e t iz e  th e s e  a n i­

m als (w ith  a  s a fe  dose) f o r  lo n g  p e r io d s .  Many ru n s  w ere a b o rte d  

due t o  s l i g h t  an im al movement, which n o t o n ly  b roke  th e  s e a l ,  b u t 

a l s o  sp read  vacuum g re a se  o n to  th e  m easuring  s u r fa c e .

One cannot draw any s p e c i f ic  c o n c lu s io n s  from th e s e  d a ta  

a lo n e ,  a lth o u g h  in  some r e s p e c ts  th e y  supplem ent o th e r  d a ta .  In  one 

L a c e r ta  CWL was h ig h e r  d u rin g  th e  l a t e  renew al phase  th a n  d u rin g  th e  

r e s t i n g  phase (2.1+6 v e rsu s  0.81+ and 1 .5 6  m g /h o u r). In  a n o th e r  La­

c e r t a  CWL was h ig h e r  in  th e  p o s t- s h e d  c o n d itio n  (2 .3 7  m g/hour) th a n  

d u rin g  th e  r e s t in g  phase (1.1+3 to  2.1+ m g /h o u r), and lows-st d u rin g  

th e  e a r ly  renew al phase (0.81+ m g/hour).

c .  T u p in a m b is  n i g r o p u n c t a t u s

C apsule m easurem ents w ere a ls o  c a r r i e d  o u t on two b la c k  

te g u s ,  and in  one o f  th e s e  a n im a ls , two body s i t e s  w ere examined 

( f ig u r e  1+8). The b e l ly  sk in  i s  th e  e a s i e s t  a re a  t o  m easure s in c e  i t  

i s  f l a t .  B e lly  m easurem ents co u ld  o n ly  be made r o u t in e ly  w h ile  th e  

an im al was upside-dow n, a lth o u g h  i t  seemed p o s s ib le  t h a t  t h i s  m ight 

a f f e c t  cu taneous b lood  flow  and in  o th e r  ways a f f e c t  CWL. T h e re fo re , 

CWL was a ls o  d e term ined  on th e  m id-back o f  th e  l a r g e s t  te g u .

I n i t i a l l y  a l l  b io p s ie s  were ta k e n  from  th e  neck re g io n . 

When i t  was r e a l i z e d  (day  25 , see  f ig u r e  1+8) t h a t  ep id erm al a c t i v i t y
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F ig u re  U8. CWL as  a  fu n c tio n  o f  tim e  s in c e  th e  i n i t i a l  m easure­

ment f o r  Tupinam bis n ig ro p u n c ta tu s  (dashed  l i n e  -  tim e  in  which th e  

ep id e rm is  was in  th e  renew al p h a se , ???? -  d u rin g  t h i s  p e r io d  i t  i s  

n o t known i f  th e  ep id erm is  was in  th e  renew al p h a se , 'S '  -  sh ed d in g ; 

f o r  TT 1: open c i r c l e s  -  b e l ly  m easurem ents, open sq u ares  -  back

m easu rem en ts).
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was n o t sy n ch ro n ized  th ro u g h o u t th e  t e g u 's  body, s e p a ra te  b io p s ie s  

were ta k e n  from th e  a n te r io r  back  and b e l ly .

The back sk in  on TT 1 c l e a r ly  showed an in c re a s e  in  CWL 

on days 18 and 21 , J u s t  b e fo re  th e  f i r s t  shed  on day 25 . However, 

CWL was low er d u rin g  shedd ing  th a n  m easurem ents ta k e n  s e v e ra l  days 

p r i o r  to  sh ed d in g . CWL d e c rea se d  fo llo w in g  shedd ing  and was v e ry  

v a r ia b le  d u rin g  th e  subsequen t r e s t i n g  p h ase . Back b io p s ie s  r e ­

v e a le d  c y c lic  m elanocy te  a c t i v i t y  (Szabo e t  a l M 1973). CWL from 

th e  back o f  TT 1 was h ig h  on day 77 when t h i s  an im al was p ro b ab ly  

in  a  r e s t i n g  c o n d it io n . CWL rem ained r e l a t i v e l y  h ig h  th ro u g h o u t th e  

en su in g  renew al p h a se , up to  s ta g e  5 on day 87. CWL th e n  d ecreased  

f o r  s e v e ra l  days p r io r  to  sh ed d in g . H is to lo g ic a l  ex am ination  o f  

back  b io p s ie s  showed th a t  th e  a lp h a  la y e r  o f  th e  in n e r  ep id erm al 

g e n e ra tio n  began k e r a t in iz in g  s e v e ra l  days b e fo re  sh ed d in g .

The p a t t e r n  o f  CWL d u rin g  th e  shedd ing  c y c le  f o r  th e  

b e l ly  sk in  o f  TT 1 resem bled  t h a t  d e sc r ib e d  f o r  i t s  back  s k in ,  ex­

c e p t t h a t  CWL d id  n o t in c re a s e  p r i o r  to  th e  f i r s t  sh ed . TT 2 showed

a m odest in c re a s e  in  CWL d u rin g  i t s  renew al p h ase . A f te r  shedding  

i t s  r a t e  o f  CWL was v e ry  v a r i a b l e ,  b u t ten d ed  t o  in c re a s e  th ro u g h ­

o u t th e  en su in g  renew al p h ase .

d . E laphe o b s o le ta  q u a d r iv i t t a t a

C apsule m easurem ents were a ls o  made on r a t  sn ak es . Be­

cause  th e s e  an im als  had u n p re d ic ta b ly  lo n g  c y c le s ,  i t  was d ec id ed  to  

m easure t h e i r  r a t e  o f  CWL fo llo w in g  th y ro id ec to m y  (s e e  p . 1 3 6 ). Rat 

snakes a re  to o  s lim -b o d ie d  to  m easure CWL w ith  a  m o d e ra te ly  s iz e d  

c a p su le  in  v iv o . T h e re fo re , la rg e  b io p s ie s  (60 mm sq u are ) were r e ­

moved from th e s e  an im als  and sewn back on to  th e  body a f t e r  th e  de­
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te rm in a tio n s  were made. A ll  m easurem ents were made w ith  la r g e  cap­

s u le s  on f r e s h  m a te r ia l .  E laphe #15 was sham -thy ro idectom ized  and 

was u sed  in  th e  same manner as  th e  o th e r  sn ak es . Thus E laphe #15 

se rv ed  as a  c o n t r o l ,  s in c e  i t  rem ained  in  th e  p e r f e c t  r e s t i n g  co n d i­

t i o n ,  to  see  i f  th e  s k in  d e te r io r a te d  as  th e  an im al weakened fo llo w ­

in g  such traum a. The r a t e  o f  CWL fo r  E laphe #15 d id  n o t in c re a s e  

w ith  tim e (U .lU , 5 .k 6 ,  3 .6 0 , and 3*5^ m g /h r, f ig u r e  1+9). Three 

o th e r  snakes c l e a r ly  showed an in c re a s e  d u rin g  th e  renew al p h ase .

CWL d e c re a se d  in  E laphe #17 a t  s ta g e  6 . H is to lo g ic a l ly ,  t h i s  de­

c re a s e  was a s s o c ia te d  w ith  th e  e s ta b lis h m e n t o f  a  k e r a t in iz in g  in n e r  

a lp h a  l a y e r .  E laphe #18 was a llow ed  to  r e c u p e ra te  a f t e r  th y ro id e c ­

tomy u n t i l  i t  was in  a  p re -sh e d  c o n d it io n :  CWL was m easured b e fo re

and a f t e r  sh ed d in g , and showed a  sh arp  d e c re a se  fo llo w in g  sh edd ing ,

e . C o n s t r ic to r  c o n s t r i c t o r

C apsule m easurem ents o f  CWL d u rin g  th e  shedding  c y c le  

w ere a ls o  made on two boa c o n s t r i c t o r s  in  a s s o c ia t io n  w ith  th e  c e l ­

lophane s t r ip p in g  experim en t (se e  t a b le  3*0- In  b o th  case s  CWL 

(mg/cm2/h r )  was h ig h e r  when th e  an im als  w ere in  th e  p o s t-s h e d  co n d i­

t i o n  th a n  d u rin g  th e  r e s t i n g  o r  th e  e a r ly  renew al p h a se s . The l a s t  

m easurem ent o f  CWL in  CC 2 was w h ile  th e  a n im a l 's  ep id erm is  was in  

a  mid to  l a t e  s ta g e  U, and CWL a t  t h i s  tim e  was h ig h e r  th a n  a t  any 

o th e r  tim e .

2 . M easurem ents a t  th e  P re-S hed  and P o st-S h ed  C o n d itio n s  and 

on th e  Shed O uter G en era tio n

T ab le  27 sum m arizes c a p su le  d e te rm in a tio n s  o f  CWL made on 

s k in  j u s t  b e fo re  and j u s t  a f t e r  sh ed d in g , and on th e  m a te r ia l  t h a t  

was shed  (o u te r  ep id erm al g e n e r a t io n ) .  D if f e r e n t  an im als  were mea-
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F ig u re  h9. C apsule d e te rm in a tio n s  o f  CWL d u rin g  th e  shedd ing  

c y c le  o f  E laphe #11 (open c i r c l e s ) ,  E laphe #15 (open s q u a r e s ) ,  E laphe 

#16 (open t r i a n g l e s ) ,  E laphe #17 (shaded  c i r c l e s )  and E laphe #18 

( shaded s q u a re s ) .
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Table 27. CWL (mg/cm2/hr) in squamates during the shedding period
and on shed material-capsule determinations.

S p e c ie s , # P re -sh e d P o s t-sh e d Shed M a te r ia l fiegion

Gekko 1 0 .20 0.12 - B e lly

Gekko 2 0 .20
a0.32 0 .29 B e lly

Gekko 3 - 0.18 0 .38 B e lly
Gekko 4 0 .20 0 .20 - B e lly
Gekko 5 0 .17 0 .18 0.31 B e lly
Gekko 6 - 0 .13 0.1*1 B e lly

- - 0 .17 Back
Gekko 6 0 .11 0.09 0 .13 B e lly
Tupinam bis 1 0 .31 0.35 0 .38 Back

0 .58 0 .56 0.U8 B e lly
Tupinam bis 1 0.27 0 .28 0 .19 Back

0 .58 0 .38 0 .2  6 B e lly
Tupinam bis 2 1 .0 6 11 .31 - B e lly
Tupinam bis 1+ - - 5-90 T a il
E laphe 0.79 - 0 .57 B e lly
C o n s tr ic to r 0 .52 - 0 .26 Neck

a .  T h is p ie c e  o f  sk in  was e x c is e d  and th e n  m easured in  v i t r o ,  0 .27  mg/cm2/ h r .

b . M easured a t  27°C.
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su re d  w ith  d i f f e r e n t  s iz e d  c a p s u le s , th e r e f o r e  th e  d a ta  a re  p re se n te d  

in  term s o f  s u r fa c e  a re a .  Except where o th e rw ise  n o te d , a l l  m easure­

m ents w ere made a t  30°G and d u rin g  th e  p re -sh e d  and p o s t-s h e d  p e r i ­

ods w ere perform ed on l iv in g  a n e s th e t iz e d  a n im a ls . A ll m easurem ents 

on shed m a te r ia l  were perform ed in  v i t r o . S ince  CWL i s  n o t s i g n i f i ­

c a n t ly  d i f f e r e n t  when m easured in  v iv o  o r in  v i t r o  ( t a b le  7) i t  i s  

le g i t im a te  to  d i r e c t l y  compare v a lu e s  o b ta in e d  by th e  two d i f f e r e n t  

p ro c e d u re s .

The d a ta  in  t a b le  27 would seem to  su g g es t t h a t  th e  shed 

m a te r ia l  i s  as im perm eable to  w a te r as  th e  whole in teg u m en t. Shed 

m a te r ia l  removed from th e  t a i l  o f  TT U had a v e ry  h ig h  r a t e  o f  CWL. 

T h is m a te r ia l  had th r e e  sm all c ra ck s  in  th e  h in g e  re g io n s . The p re ­

sum ptive shed o f  TT 2 was removed w h ile  th e  ep id erm is  o f  th e  an im al 

was p ro b a b ly  in  a  s ta g e  5. A lthough th e  re p o r te d  CWL v a lu e s  a re  

o n ly  r e l a t i v e  ( th e s e  m easurem ents were on ly  p reced ed  by a  seven min­

u te  p re -d ry in g  p e r io d ,  in s te a d  o f  a  tw e lv e  m inute  p re -d ry in g  p e r io d ) , 

th e  ex trem ely  h ig h  v a lu e  p ro b ab ly  r e f l e c t s  th e  im m ature s t a t u s  o f  

th e  in n e r  g e n e ra t io n .

The measurement on m a te r ia l  shed from a  b o a , was much low er 

th a n  th e  in  v iv o  measurem ent ta k e n  a t  l a t e  s ta g e  ^ .

SECTION IV. STUDIES TO DETERMINE THE LOCATION OF THE PERMEABILITY 

BARRIER

A. COMPARTMENT STUDIES ON INFLATION AND FEEDING

The com partm en ta lized  system  was u sed  in  two in d i r e c t  ways to  

t e s t  th e  r e l a t i v e  p e rm e a b il i ty  o f  th e  h inge  re g io n . CWL was m easured
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on dead an im als "b e fo re "  and " a f t e r "  t h e i r  lu n g s were i n f l a t e d  and 

l i g a t e d ,  and on l i v e  an im als " b e fo re "  and " a f t e r "  a  heavy fe e d in g . 

Both te c h n iq u e s  caused  volume expansion  and th u s  in teg u m en ta ry  d i s ­

t e n s io n ,  by th e  u n fo ld in g  o f  th e  h in g e  r e g io n s .  Each a n im a l 's  v o l­

ume (w eight o r  w a te r d isp lacem en t) was de term in ed  p re c e d in g , and 

subsequen t t o ,  th e  " a f t e r "  s e r i e s  o f  m easurem ents.

The a n im a l 's  su r fa c e  a re a  was de term in ed  by s u b s t i t u t i n g  i t s  

w eigh t (o r  volume) in to  a  r e g re s s io n  e q u a tio n : SA = 12.5W0 *67 fo r

sn a k e s , and SA = 10W0*67 fo r  l i z a r d s .

F or l i v e  o r  dead an im als ( t a b le  28) th e  in c re a s e  in  s u r fa c e  

a re a  f o r  l i z a r d s  (mean l . l U ,  ran g e  0 .97  to  1 .2 3 ) was g e n e r a l ly  sm a ll­

e r  th a n  th a t  fo r  snakes (mean 1 .3 0 , ran g e  1 .1 3  to  1 .5 9 )*  In  b o th  

squam ates, i n f l a t i o n  caused  a g r e a te r  in c re a s e  in  s u r fa c e  a re a  th an  

fe e d in g . In  two cases  (E laphe #13 and to k ay  1*) th e r e  was ev idence  

t h a t  a i r  le ak ed  o u t o f  th e  an im a l, s in c e  w a te r d isp lacem en t su b se ­

quen t to  th e  " a f t e r "  ru n s  was l e s s  th a n  th e  d isp lacem en t p r i o r  to  

th e  " a f t e r "  ru n s .

I f  th e  in c re a s e  in  CWL was g r e a te r  th a n  th e  in c re a s e  in  s u r fa c e  

a re a  ( t h a t  i s ,  i f  th e  v a lu e  in  column 5 in  t a b le  28 i s  g r e a te r  th an  

1 .0 )  t h i s  would im ply th a t  h in g es  a re  more perm eable  th a n  th e  o u te r  

s c a le  s u r fa c e s .  For o n ly  two o f  th e  fo u r te e n  r a t  snakes was th e  

v a lu e  in  column 5 c o n s id e ra b ly  g r e a te r  th a n  1 .0 .  A lthough fed  snakes 

h ad  v a lu e s  v e ry  c lo s e  to  1 .0  (mean 0.99» range  0 .8 5  to  1 .2 2 ) th e  

v a lu e  f o r  i n f l a t e d  snakes was c o n s id e ra b ly  l e s s  th a n  1 .0  (mean 0 .8 9 , 

ra n g e  0 .67  t o  1 .3 * 0 . For th e  sm a lle r  sam ple o f  to k a y s , in  g e n e r a l ,  

fe d  o r  i n f l a t e d  an im als d id  n o t show v a lu e s  c o n s id e ra b ly  d i f f e r e n t  

th a n  1 .0 .
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T able  28. The e f f e c t  o f  sk in  d is te n s io n  on CWL as m easured 

by th e  chamber te ch n iq u e  f o r  s e v e ra l  r a t  snakes and to k a y s .

1 2 3 1* 5

B efore A fte r

B efo re CWL CWL In c re a s e 3

S p ec ies  # wt (gms) (m g/0.5 h r) (m g/0 .5  h r) in  SA 2 X -

E laphe 1** 221 1*6.8 75 .2 1 .32 1 .2 2

E laphe 2f 169 51.1 58.2 1 .31 0 .87
f

E laphe 3 236 7 3 .0 80 .9 1 .13 0 .98
f

E laphe U 297 65 .8 80.8 1 .21 1 .01

E laphe 5** 260 73 .7 88.0 1.28 0 . 9I*
f

E laphe 6 206 59.5 77 .1 1 .31 0 .9 9
f

E laphe 7 211 7 8 .7 87.6 1 .19 0 . 9I*

E laphe 8*" 371* 172.0 175.6 1 .21 0 .85

E laphe 9f 306 9 1 .1 160.2 1 .3 1 1.3l*

E laphe 10* 350 115. b 102.7 1.3l* 0 .67

E laphe 11* 303 72 .2 77.1* 1 .36 0 .7 9

E laphe 12* 528 ll*0.2 ll*7.3 1 .3 1 0 .80

E laphe 131 k29 11*7.3 221 .8 1.1*8 1 .0 2

E laphe lU* 3 66 136 .0 158.2 1 .59 0 .73
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T able  28. The e f f e c t  o f  s k in  d is te n s io n  on CWL as  m easured 

by th e  chamber te ch n iq u e  f o r  s e v e ra l  r a t  snakes and to k a y s .

(co n tin u ed )

1 2 3 I* 5

B efore A fte r

B efore CWL CWL In c re a se 3

S p ec ies  tf wt (gms) (mg/0 .5  h r) (mg/0.5  h r) in  SA 2 X 1

Gekko 1^ 110 2 9 .1 3U.5 1 .08 1 .1 0

Gekko 2^ 105 1 5 -0 18.1 1 .1 5 1 .0 5

Gekko 31 65 9 . 6 1 3 .8 1 .2 0 1 . 2 0

Gekko 125 3 7 . 9 3 6 .6 0 .97 0 . 9 9

Gekko 51 99 3 2 . 2 U2.5 1 .2 3 1 .07

Gekko 6i 80 16.0 1 6 .9 1 .2 0 0 .8 8

f .  Fed

i .  I n f l a t e d
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Tokays 3 and 6 were rem easured a f t e r  d e f l a t io n .  In  b o th  case s  

t h i s  r a t e  o f  CWL was abou t th e  same as th e  i n f l a t e d  r a t e  (1 3 .8  and 

1 7 .U, r e s p e c t iv e ly ) .

F ig u re  50 shows th e  r a t e  o f  CWL f o r  th e  p re -d ry in g  ru n  and th e  

fo llo w in g  two h a l f  h o u rly  ru n s  f o r  s e v e ra l  squ am ates , b o th  b e fo re  

and a f t e r  m a n ip u la tio n  ( fe e d in g  o r  i n f l a t i o n ) .  N o te , th e r e  i s  con­

s id e r a b le  v a r i a t io n  in  th e  p a t t e r n  which d e f in e s  th e s e  ru n s .

B. CAPSULE STUDIES ON INTEGUMENTARY DISTENSION

For cap su le  d e te rm in a tio n s  ( t a b le  2 9 ) ,  CWL was m easured b e fo re  

and a f t e r  th e  s k in  was d is te n d e d . Squamate s k in ,  e s p e c ia l ly  t h a t  o f  

sn ak e s , can d is te n d  more h o r iz o n ta l ly  ( c i r c u m f e r e n t ia l ly )  th an  

le n g th w ise  ( a n t e r o - p o s t e r i o r l y ) , and i t  was d i f f i c u l t  t o  mark snake 

sk in  a c c u ra te ly .  Thus th e  in c re a s e s  in  su r fa c e  a re a  r e p o r te d  in  

t a b l e  29 a re  on ly  ap p ro x im a tio n s . A measurem ent f o r  a  sem i-aq u a tic  

t u r t l e  i s  in c lu d e d . T his a n im a l 's  sk in  was s t r e tc h e d  m axim ally , 

however th e  new s u r fa c e  a re a  was n o t m easured. In  a l l  caB es, a l ­

though  th e  su r fa c e  a re a  in c re a s e d  d ra m a tic a l ly ,  CWL d id  n o t .

C. THE EFFECT OF AIR FLOW REVERSAL ON CWL

In  chamber s tu d i e s ,  th e  norm al d i r e c t io n  o f  a i r  flow  o v er th e  

an im al was p o s te r io r  to  a n te r io r  (s e e  f ig u r e  5 ) .  The d i r e c t io n  cou ld  

be changed sim ply  by co n n ec tin g  th e  body com partm en t's  ex h au st b ra s s  

tu b e  to  th e  incom ing a i r  and a llo w in g  th e  b ra s s  i n l e t  tu b e  to  a c t  as 

th e  e x h a u s t. No co rre sp o n d in g  change was made to  th e  head com part­

m e n t 's  a i r  flow . G e n e ra lly , under norm al c irc u m s ta n c e s , r e v e r s a l  o f  

a i r  flow  o v e r th e  body caused  a  d e c rea se  in  CWL. G e n e ra lly  CWL was
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F ig u re  50. CWL f o r  th e  second h a l f  h o u r ly  p re -d ry in g  p e r io d  

(PD) and f o r  tv o  sub seq u en t h a l f  h o u rly  ru n s  f o r  s e v e r a l  squam ates 

(open c i r c l e s  -  E laphe #U, open sq u ares  -  E laphe #10 , open t r i a n g l e s  

-  E laphe #12 , and shaded c i r c l e s  -  Tokay 6) b o th  b e fo re  and a f t e r  

s k in  d is te n s io n .
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Table 29. Skin distension and capsule determinations of CWL for several reptiles.

S p ec ies

CWL b e fo re  

(m g/hr)

CWL a f t e r  

(m g/hr)

In c re a se  

in  SA

It

2

1 X 3

5
2 X 3

E laphe A 

E laphe B 

E laphe C 

E laphe D 

E laphe E 

Gekko 

Pseudemys8

0.50  

2 .5 5  

1 .5 1  

i t .25 

6 .60  

3 .90  

69 .51

0 .51

1.1*3

1.00
2 .56

5.16

1+.00

50.70

3 .6

1 .5

2 .7

1 .5  

1 . 1+ 

1.1+3 

b

0 .28

0 .37

0.25

0.1*0

0 .57

0 .71

3 .67

0.81+

1 .79

0 .90

1 .09

1.1*7

c

a . In g u in a l s k in

b . Not m easured

c . Not a p p lic a b le
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h ig h e r  a t  f a s t e r  a i r  flow  r a t e s  ( t a b le  8 ) .  These two p ro ced u res  

were t r i e d  on i n f l a t e d  and fe d  snakes ( t a b le  3 0 ) .

As e x p e c te d , in  a lm ost a l l  c a se s  th e  r a t e  o f  CWL d u rin g  re v e rs e  

flo w , o r  a t  200 c c /m in u te , was low er th a n  w ith  norm al flo w  o r a t  

1000 c c /m in u te . For E laphe #3 th e  i n f l a t e d  norm al flow  (column 5) 

fo llo w in g  th e  re v e rs e  flow  was s l i g h t l y  low er th a n  th e  p re c e d in g  r e ­

v e rs e  flow  (column ^ ) .

D. THE DIFFERENTIAL PERMEABILITY OF THE HINGE REGION

A nother a tte m p t to  de te rm in e  th e  d i f f e r e n t i a l  p e rm e a b il i ty  o f  

th e  h in g e  re g io n  was made by ap p ly in g  g re a se  t o  v a r io u s  p a r t s  o f  

th e  s c a le .  Of c o u rs e , t h i s  cou ld  on ly  be done f o r  exposed h in g e s , 

t h a t  i s ,  on s c a le s  la c k in g  s ig n i f i c a n t  o v e r la p .

The r e s t r a in e d  an im al was f i r s t  m easured in  th e  u s u a l  m anner.

The c a p su le  was th e n  removed, and s to p co ck  g re a se  was a p p lie d  v ia  a  

20 gauge n eed le  a t ta c h e d  to  a  sy r in g e . On l a r g e r  a n im a ls , s e v e ra l  

a p p l ic a t io n s  o f  g re a se  were n e c e ssa ry  t o  f i l l  th e  h in g e s . C overing 

th e  e n t i r e  o u te r  s c a le  s u r fa c e  caused  some o f  th e  g re a se  to  run  in to  

th e  h in g e  r e g io n s .  T h e re fo re , an a tte m p t was made t o  p u t on ly  as 

much g re a se  on th e  o u te r  s c a le  s u r fa c e s  as  was a p p lie d  to  th e  h in g e s . 

S in ce  th e  d a ta  f o r  th e  b la c k  te g u  a re  n o t v e ry  d i f f e r e n t  th a n  th o se  

f o r  c r o c o d i l i a n s , th e y  were in c lu d e d .

O ccluding  th e  h in g es  w ith  g re a se  s t i l l  a llow ed  a  mean t r a n s ­

m iss io n  o f  7^*5# (+.19*^* SD) o f  th e  c o n t r o l  CWL ( t a b l e  3 1 ).

E. EFFECTS OF CELLOPHANE STRIPPING

1 . In h e re n t Problem s in  th e  A p p lic a t io n  o f  th e  C ellophane



T ab le  30. The e f f e c t o f  d i r e c t io n  o f  a i r  flow  and flow  r a t e  on chamber d e te rm in a tio n s o f  CWL

(m g/0 .5 h r )  in  norm al, i n f l a t e d ,  and fed sn a k e s .
*

BEFORE AFTER

1 2 3 1* 5
Animal # Hormal R everse Normal R everse Normal

E laphe 3^ PD 1 /2  h r PD 0 h r PD 1 /2  h r PD 1 /2  h r PD 0 h r

61*.1 82 .1

7 ^ .0 69.2 11*8.7 72 .7 71*.8

72 .8 71 .2 106 . 1* 99-2 82 .3

73 .1 70 .1 80 .9 7 3 .9 79-0

Elaphe 7** PD 1 /2  h r PD 0 h r PD 1 /2  h r PD 0 h r

72 .8 83.1*

83 .6 7 6 .6 88 .1 83 .2

78 .1 77-2 87-9 8 2 .3

79*2 7 5 .9 87-2 82 .5

E laphe 9& PD 1 h r PD 0 h r PD 1 h r PD 0 h r

171.68 285.00

172.68 311*. i k

1 8 3 .7 1* 169.70 317.88 326.61*

182.22 329.1*1*



Table 30. The effect of direction of air flow and flow rate on chamber determinations of CWL
(m g/0.5 h r )  in  n o rm al, i n f l a t e d ,  and fe d  sn ak es .

(co n tin u ed )

BEFORE

1 2

Animal # Normal R everse

200 cc/m in 1000 cc/m in

Elanhe k PD 1 h r  PD 1 /2  h r

50 .3  65 .7
68 .8  67.8

62.8  70.0

AFTER

3 1* 5
Normal R everse Normal

200 cc/m in  1000 cc/m in

PD 1 h r  PD 1 /2  h r

75*9 86.8
82.2  87.0

7 9 -^ 101.0

a . 200 cc/m in

b . kOO cc/m in
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Table 31. The permeability of different parts of the scale
to  v a te r f o r  s e v e ra l  r e p t i l e s .

S p ec ie s  # C apsule s iz e Temp. °C 1 2

Caiman A S 27 0 .9 3 95-25

Caiman A L 30 1.26

Caiman B 3 27 0 .2 2 3 0 .30a

Caiman B L 30 1.06 81*. 5613

C rocodylus A L 26 0.6U 73.03

C rocodylus B L 25 0.8U 65-25

C rocodylus B h 27 0 .8 7 87 .90

Tupinam bis 2 L 30 0.8*t 82.05

Tupinam bis 1* L 30 0 .55 85.53

1 . C o n tro l CWL (mg/cm2/h r )

2 . G reased  h in g e  CWL d iv id e d  by c o n tr o l  CWL, m u l t ip l ie d  by 100

3. G reased OSS CWL d iv id e d  by c o n tr o l  CWL, m u l t ip l ie d  by 100

a . T ran sv e rse  h in g e  re g io n s  o n ly

b . H o riz o n ta l and m id v e n tra l h in g e  re g io n s  o n ly

c . Only a s  much g re a se  as  on h in g es
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S tr ip p in g  Technique t o  th e  Squamate In tegum ent

The squam ate in tegum ent i s  h e te ro g en eo u s a t  two d i s t i n c t  

l e v e l s  -  th e  g ro ss  and th e  m ic ro sco p ic  -  and t h i s  p r e s e n ts  s p e c i f ic  

p r a c t i c a l  problem s in  e x e c u tin g  and in t e r p r e t i n g  ex p erim en ts  u s in g  

c e llo p h an e  s t r ip p in g .  C e r ta in  a s p e c ts  o f  th e  system  a re  shown d ia ­

gram m atic a l l y  in  f ig u r e  51* to  i l l u s t r a t e  th e s e  p rob lem s.

S ince  th e  squam ate in tegum ent c o n s is t s  o f  o v e rla p p in g  s c a le s ,  

a p p l ic a t io n  o f  a d h es iv e  c e llo p h an e  ta p e  can o n ly  e f f e c t  c o n ta c t  be­

tw een th e  ta p e  and a  l im i te d  p e rc e n ta g e  o f  th e  t o t a l  o u te r  s c a le  s u r ­

fa c e s  ( f ig u r e  51A). Even o v er th o s e  re g io n s  w here c o n ta c t i s  e f f e c t ­

e d , i t  may n o t adhere  w ith  eq u a l s t r e n g th .  T h e re fo re , when th e  ta p e  

i s  removed from  th e  body s u r fa c e  ( f ig u r e  51B), th e  ep id erm is  o f  one 

s c a le  m ight be co m p le te ly  unharmed, w h ile  t h a t  o v e r a d ja c e n t u n i t s  

m ight be damaged. However, th e  d eg ree  o f  damage a ls o  v a r ie s  w ith in  

and betw een s c a le s .  In  th e  r e s u l t s  p re s e n te d  be low , i t  must be em­

p h a s iz e d  th a t  th e  d e s c r ip t io n  does n o t e x p la in  what happened over 

th e  e n t i r e  a re a  o f  s k in  s t r ip p e d ,  b u t o n ly  th e  e v e n ts  o v e r a l l  o r 

p a r t  o f  th e  o u te r  s c a le  s u r fa c e  o f  in d iv id u a l  s c a l e s . I t  i s  n o t pos­

s i b l e  t o  q u a n tify  th e  v a r i a b i l i t y  o f  th e  e f f e c t ,  b u t an a tte m p t i s  

made to  g iv e  some e m p ir ic a l  e s t im a te  o f  th e  freq u en cy  w ith  which any 

p a r t i c u l a r  sequence o f  e v en ts  was o b serv ed .

The s t r a t i f i e d  o rg a n iz a t io n  o f  th e  squam ate ep id erm is  sug­

g e s ts  t h a t  th e r e  a re  a  number o f  lo c a t io n s  where a  s p l i t  co u ld  o c c u r , 

and a s  w i l l  be  d e ta i l e d  be low , i t  seems t h a t  s p l i t s  were o b ta in e d  in  

e v e ry  p o s s ib le  l o c a t io n ,  a l b e i t  Borne w ith  much g r e a te r  freq u en cy  

th a n  o th e r s .  F ig u re  51 i l l u s t r a t e s  c e r t a in  problem s o f  i n t e r p r e t a ­

t i o n  w hich w ere en co u n te re d . T hree exam ples o f  p o s s ib le  s p l i t t i n g
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F ig u re  51. D iagram m atic r e p r e s e n ta t io n  o f  th e  p o s s ib le  e f f e c t s  

o f  s t r ip p in g  th e  squam ate ep id erm is  d u rin g  th e  r e s t i n g  and renew al 

p h a se s . For an e x p la n a tio n  see  th e  t e x t .
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lo c a t io n s  a re  r e p re s e n te d :  f i r s t  ( f ig u r e  51* and C g), rem oval o f

th e  b e ta  l a y e r ;  second ( f ig u r e  51 , D-̂  and D g), a  s p l i t  w ith in  th e  

a lp h a  la y e r  so t h a t  e v e ry th in g  above i t  was l o s t ;  and t h i r d  ( f ig u r e  

51 , and E g ), w here th e  l i v in g  ep id erm al c e l l s  o r  even th e  d e rm is , 

w ere exposed .

I d e n t i f i c a t i o n  o f  th e  lo c a t io n  o f  th e  o r ig i n a l  s p l i t t i n g  

s i t e  in  s e q u e n t ia l  b io p s ie s  was b a sed  on th e  i d e n t i f i c a t i o n  o f  th e  

m ost s u p e r f i c i a l  corneous m a te r ia l s  w hich w ere assumed t o  have r e ­

m ained a f t e r  s t r ip p in g .  Sometimes none w ere ob serv ed  ( f ig u r e  51,

E^ and E g ), and v e ry  c h a r a c t e r i s t i c  changes in  th e  t i s s u e  accompany 

such c o n d itio n s  (p . 1 7 9 ) . S tr ip p in g  alw ays had an " a l l  o r  n o th in g "  

e f f e c t  in  rem oving th e  m a tu re , s y n c y t ia l  b e ta  l a y e r  from th e  p o s te ­

r i o r  (exposed) o u te r  s c a le  s u r f a c e .  However, one canno t t e l l  w hether 

th e  s p l i t  o c cu rred  betw een th e  b e ta  and mesos l a y e r s , w ith in  th e  l a t ­

t e r ,  o r  betw een th e  mesos and th e  a lp h a  l a y e r s .  Where o n ly  a  sm all 

amount o f  th e  o r ig in a l  a lp h a  la y e r  was d e te c te d ,  th e r e  was no way o f  

knowing w ith  c e r t a in t y  w h e th e r , on t h a t  s c a le ,  th e  s p l i t  o c cu rred  

betw een th e  mesos la y e r  and a  t h in  a lp h a  l a y e r ,  o r  w ith in  a  s l i g h t l y  

th ic k e r  a lp h a  la y e r .  The s ig n i f ic a n c e  o f  th e s e  problem s w i l l  be 

d is c u s s e d .

F ig u re  51 shows th e  " r e s t i n g  phase  s p l i t s "  (C^ -  E1 ) and 

"ren ew al phase  s p l i t s "  (Cg -  E g). The v a r i a b i l i t y  in  th e  s p l i t t i n g  

o f  th e  m atu re  corneous la y e r s  was th e  same th ro u g h o u t th e  r e s t i n g  

and e a r ly  t o  mid renew al p h a se s . D uring th e  l a t e  renew al p h a se , th e  

e n t i r e  o u te r  ep id erm al g e n e ra tio n  was u s u a l ly  removed by s t r ip p in g .  

When th e  s t r i p  exposed l i v in g  c e l l s  ( f ig u r e  51 , E^ and E g ), more 

c e l l s  rem ained  above th e  s tra tu m  germ inativum  d u rin g  th e  renew al
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phase s t r i p s ,  and th e  p resum ptive  f a t e s  o f  such  c e l l s  a re  d i f f e r e n t  

th a n  th o s e  o f  s im i la r ly  lo c a te d  c e l l s  d u r i n g  th e  r e s t i n g  p h ase .

2 . M acroscopic O b se rv a tio n s  on th e  E f f e c ts  o f  C ellophane 

S tr ip p in g  th e  Squamate In tegum ent

The number o f  s c a le s  w ith in  th e  re g io n  t o  w hich ta p e  was 

a p p l ie d ,  which were a f f e c te d  "by th e  p ro c e s s ,  was a s s e s s e d  by examin­

in g  th e  s t ic k y  su r fa c e  o f  th e  ta p e  a f t e r  rem oval. Removed b e ta  la y ­

e r s  w ere seen  as sh in y  te m p la te s  w hich ad h ered  to  th e  ta p e .  S c a le s  

on an an im al from w hich th e  b e ta  l a y e r  (and p e rh ap s o th e r  com ponents, 

see  below ) w ere rem oved, had a  sh in y  ap p ea ra n ce , w hich was l o s t  

w ith in  tw e n ty -fo u r  h o u rs . "Good” s t r ip p in g  o f  snake in teg u m en t, 

t h a t  i s ,  ex p erim en ts  where re p e a te d  ex am in a tio n s  o f  th e  ta p e  su g g es t 

many s c a le s  w ere a f f e c t e d ,  seemed to  produce a g e n e ra l  an a to m ica l 

p ic tu r e  o f  reduced  s c a le  o v e r la p  a f t e r  s e v e r a l  d ay s. T h is im pres­

s io n  was co n firm ed , and p a r t i a l l y  e x p la in e d , by ex am in atio n  o f  in ­

d iv id u a l  s c a le s  under low power m a g n if ic a t io n . When corneous m ate­

r i a l s  were removed w ith  w atchm aker's  f o r c e p s ,  th e  s c a le  s u r fa c e  

b u ck led  to  a  g r e a te r  o r  l e s s e r  d e g re e , and i t s  shape changed. Sim i­

l a r  b u c k lin g  was observed  in  a l l  squam ates s tu d ie d  ( f ig u r e s  52 , 60 ) .

O b se rv a tio n s  on s t r ip p e d  re g io n s  f o r  seven  th ro u g h  fo u r te e n  

days p o s t - s t r ip p in g  su g g es te d  a  d r ie d  up appearance  in  sn a k e s , and 

some in d ic a t io n s  o f  f la k in g  o f  s u p e r f i c i a l  m a te r ia ls  w ere seen  in  a l l  

squam ates. Sometimes e n t i r e  s c a le s  seemed t o  d is a p p e a r ,  and t h i s  

was a s s o c ia te d  w ith  th e  in d u c tio n  o f  a  "wound r e j e c t i o n  r e a c t io n "  

(Maderson and R o th , 1972) by th e  s t r ip p in g  p ro c e ss  (s e e  p . 179)*

3. The H is to lo g ic a l  E f f e c ts  P roduced by  S tr ip p in g  th e  Squamate 

Integum ent D uring th e  R e s tin g  Phase
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F ig u re  52. P hotom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

L a c e r ta  l e p id a  s k in  j u s t  a f t e r  rem oval o f  th e  "beta l a y e r  w ith  w atch­

m a k e r 's  fo rc e p s . The ep id erm is  i s  b u c k led ; t h a t  i s ,  i t  i s  throw n 

in to  i r r e g u l a r  fo ld s  (E -  e p id e rm is , D -  d e rm is ) . (X 1 0 0 ).

F ig u re  53. Photom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

D ip so sau ru s  d o r s a l i s  sk in  showing th e  u n tra u m a tiz ed  p e r f e c t  r e s t i n g  

c o n d it io n  (M -  mesos l a y e r ;  f o r  o th e r  symbols see  f ig u r e  l ) .  (X UOO).

F ig u re  5^* P hotom icrograph th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

D ip so sau ru s  d o r s a l i s  sk in  a f t e r  a p p l ic a t io n  o f  c e llo p h an e  ta p e  d u rin g  

th e  p e r f e c t  r e s t in g  c o n d it io n . A lthough th e  ta p e  d id  n o t remove th e  

b e ta  l a y e r ,  th e  ep id erm is  i s  s t i l l  a ty p ic a l  (s e e  p . 1 7 6 , f o r  symbols 

see  f ig u r e s  1 and 5 3 ). (X 1*00).

F ig u re  55. Photom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

Gekko gecko s k in  a f t e r  c e llo p h an e  s t r ip p in g .  The in d ia  in k  ( I I ) on 

to p  o f  th e  ep id erm is  in d ic a te s  to  what l e v e l  th e  ep id erm is  was 

s t r ip p e d  ( f o r  o th e r  symbols see  f ig u r e  l ) .  (X 1*00).
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Study o f  s e r i a l  s e c t io n s  re v e a le d  t h a t  q u i te  f r e q u e n t ly  in ­

d iv id u a l  s c a le s  w ith in  a re a s  to  w hich ta p e  was a p p lie d  showed no d i f ­

fe re n c e s  from u n s tr ip p e d  c o n tro l  a re a s  ( f ig u r e  5 ) .  However occa­

s io n a l ly ,  h u t p a r t i c u l a r l y  in  experim en ts  w ith  D. d o r s a l i s , w h ile  

th e  corneous m a te r ia ls  w ere s t i l l  p re s e n t  in  re g io n s  w hich were 

s t r ip p e d ,  th e  l i v i n g  c e l l s  "beneath showed d i f f e r e n c e s  from  c o n tr o l  

re g io n s . In  c o n t r a s t  to  th e  f l a t t e n e d  germ ina l c e l l s ,  and a s in g le  

la y e r  o f  s u p ra h a sa l c e l l s  ( th e  p e r f e c t  r e s t i n g  c o n d it io n :  M aderson,

C hui, and P h i l l i p s ,  1970a) seen  in  c o n tro l  re g io n s  ( f ig u r e  5 3 ) , th e s e  

re g io n s  showed a  low colum nar g e rm in a l l a y e r ,  w ith  two to  th r e e  la y ­

e r s  o f  p o ly g o n a l s u p ra h a sa l c e l l s  ( f ig u r e  5*0) one t o  two days a f t e r  

ta p e  was a p p lie d . Such r e s u l t s  in d ic a te  t h a t  s t r ip p in g  a f f e c te d  th e  

ep id erm is  even when corneous m a te r ia ls  were n o t removed.

In  th e  m a jo r i ty  o f  c a s e s ,  s t r ip p in g  removed th e  e n t i r e  h e ta  

l a y e r ,  th e  mesos l a y e r ,  and p erhaps much o f  th e  a lp h a  l a y e r  ( f ig u r e  

5 5 ). W ith in  one day , m i to t ic  f ig u r e s  w ere f r e q u e n t ly  seen  in  th e  

g e rm in a l l a y e r ,  and o f te n  i t  appeared  t h a t  th e  a lp h a  t i s s u e  was 

t h i c k e r  th a n  in  th e  p o s t s t r i p  c o n t r o ls .  T his i n i t i a l  r a p id  r e s to r a ­

t i o n  was p ro h ah ly  b ro u g h t about by th e  r a p id  m a tu ra tio n  o f  th o s e  

s u p ra h a sa l c e l l s  p re s e n t a t  th e  tim e  o f  s t r ip p in g .  Over subsequen t 

d ay s , g e rm in a l p r o l i f e r a t i o n  c o n tin u e d , and a lth o u g h  th r e e  t o  f iv e  

l a y e r s  o f  p o ly g o n a l su p ra h a s a l c e l l s  w ere alw ays p r e s e n t ,  th e  a lp h a  

t i s s u e  became s t e a d i ly  t h ic k e r  w ith  e la p se d  tim e  ( f ig u r e  5 6 ) , in d i ­

c a t in g  c o n tin u in g  c o n tr ib u t io n s  from su p ra h a sa l c e l l s .  The n e t  r e ­

s u l t  o f  t h i s  p a t te r n  o f  a c t i v i t y  was th e  p ro d u c tio n  o f  a  l a m e l la t e ,  

h y p e r p la s t ic  t i s s u e ,  w ith  th e  same h i s to lo g ic a l  c h a r a c t e r i s t i c s  as 

th e  norm al a lp h a  l a y e r ,  e s s e n t i a l l y  re sem b lin g  th e  wound e p ith e liu m
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F ig u re  56. P hotom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

Gekko gecko s k in  ( l a t e  s ta g e  3) e ig h t  days a f t e r  s t r ip p in g  in  th e  

p o s t- s h e d  c o n d it io n . The a lp h a  la y e r  i s  h y p e rp la s t ic  and la m e lla te  

( f o r  symbols see  f ig u r e  3 ) . (X ^0 0 ).

F ig u re  57* Photom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

Gekko gecko s k in  th r e e  days a f t e r  c e llo p h an e  s t r ip p in g .  There i s  ex­

t e n s iv e  a c a n th o ly s is  o f  th e  g e rm in a l n u c le i ,  some spaces a re  marked 

(X; f o r  o th e r  symbols see  f ig u r e  l ) .  (X UOO).

F ig u re  58. P hotom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

Gekko gecko s k in  jUBt a f t e r  s t r ip p in g  v i t h  c e llo p h a n e  ta p e  (BC -  

b lo o d  c e l l s ;  f o r  o th e r  symbols see  f ig u r e  l ) .  (X 600).

F ig u re  59- P hotom icrograph th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

D ip so sau ru s  d o r s a l i s  s k in  th r e e  days a f t e r  c e llo p h a n e  s t r ip p in g .

The r e j e c te d  m a te r ia l  (RM) shows s ig n s  o f  th e  derm is (D ). E p i th e l i ­

a l  m ig ra tio n  has produced a new co n tin u o u s  e p ith e liu m  (E P ). (X Uo).
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d e sc r ib e d  by Maderson and Roth (1972).

In  th o se  ex p erim en ts  w here d a i ly  b io p s ie s  fo llo w in g  s t r i p ­

p in g  o v e rlap p ed  th e  o n se t o f  th e  renew al p h a se , th e  a f f e c te d  a re a  

showed a  t y p i c a l  c l e a r  l a y e r / O berhautchen complex (M aderson, 1 9 6 6 ), 

b e n ea th  a  h y p e rp la s t ic  a lp h a  t i s s u e ,  and d i f f e r e n t i a t i o n  o f  th e  in ­

n e r  ep id erm al g e n e ra tio n  co n tin u ed  n o rm a lly . At th e  subsequen t sh ed , 

th e  a lp h a  t i s s u e  was removed from th e  body s u r fa c e  a lo n g  w ith  th e  

o u te r  g e n e ra t io n  o f  th e  n o n -s tr ip p e d  s c a le s .

O c c a s io n a lly , w ith in  a  few daya a f t e r  s t r ip p in g  th e r e  was 

p a tch y  a c a n th o ly s is  o f  th e  g erm ina l c e l l s  a n d /o r  th e  s u p ra h a sa l c e l l s  

( f ig u r e  57)- When t h i s  was se e n , subsequen t b io p s ie s  o f te n  showed 

p a r a k e r a to t ic  m a te r ia l  on th e  innerm ost a sp e c t o f  th e  rem ain in g  p o r­

t i o n  o f  th e  a lp h a  la y e r .  The wound e p ith e liu m  produced  in  such 

a re a s  over th e  n ex t few days was somewhat lo o s e r  in  ap p ea ran ce , and 

showed a g r e a te r  ten d en cy  to  s e p a ra te  in to  la m e lla e ,  th a n  d id  t h a t  

d e sc r ib e d  above.

Q u ite  o f te n ,  im m ediate p o s t - s t r i p  b io p s ie s  showed com plete 

absence  o f  corneous m a te r i a l s ,  and d is ru p te d  l i v i n g  c e l l s ,  even show­

ing  re g io n s  where th e  g e rm in a l la y e r  was a b se n t ( f ig u r e  58)- The 

s t a t e  o f  th e  l i v in g  c e l l s  was re m in is c e n t o f  th o se  in  ep id erm al t i s ­

su es  e ig h t  to  tw e lv e  hours a f t e r  s in g le  in c i s io n  wounds (Maderson 

and R o th , 1972). One and two day p o s t - s t r i p  b io p s ie s  o f te n  showed 

com plete absence o f  s u p e r f i c i a l  corneous m a te r ia ls  -  th u s  im ply ing  an 

o r ig in  from th e  p o s t - s t r i p  m a te r ia l  j u s t  d e sc r ib e d  -  and th e r e  w ere 

dead and dying  n o n -c o rn if ie d  c e l l s  a t  th e  s u r fa c e .  The derm is b e ­

n e a th  showed s ig n s  o f  d is r u p t io n  e x a c t ly  com parable t o  th o s e  de­

s c r ib e d  by Maderson and Roth (1 972). T h is i s  t o  s a y , th e  ex trem e
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damage i n f l i c t e d  upon th e  ep id erm is  p r e c ip i t a t e d  a  "wound r e j e c t i o n  

r e a c t io n "  o f  derm ai m a te r ia l s .  Sometimes two d a y s , and alw ays th r e e  

days a f t e r  s t r ip p in g ,  "b iopsies showed p ie c e s  o f  r e j e c te d  derm is a t  

th e  s u r f a c e ,  i d e n t i f i e d  hy m elanophore rem ains ( f ig u r e  59)- B eneath 

t h i s ,  e p i t h e l i a l  im m ig ra tion  in to  th e  d eep e r derm is had ta k e n  p la c e ,  

and a  wound e p ith e liu m  showing a lp h a  ty p e  corneous m a te r ia l  was p re ­

s e n t .

Very o c c a s io n a lly  in  s t r ip p e d  l i z a r d  m a te r i a l ,  th e  h y p e r­

p l a s t i c  a lp h a  t i s s u e ,  and th e  s u b ja c e n t l i v in g  c e l l s  c o n ta in e d  v a r i ­

ous b lo o d  c e l l s :  such  a  c o n d itio n  was most common when th e  s t r ip p in g

damaged l i v in g  c e l l s .  However, e o s in o p h il  im m ig ra tion  in to  th e  e p i­

derm al t i s s u e s  alw ays o c cu rred  in  snakes ( f ig u r e  6 0 ) . T h is im m igra­

t i o n  began two to  th r e e  days a f t e r  s t r ip p in g  and co n tin u e d  f o r  f iv e  

t o  s ix  d ays. The h i s to lo g ic a l  p ic tu r e  th u s  p roduced resem bled  t h a t  

seen  d u rin g  th e  e a r ly  renew al phase o f  th e  norm al c y c le  (M aderson, 

1965b), b u t d i f f e r e d  in  t h a t  th e  im m igration  h e re  was o v e r th e  d i s ­

t a l  tw o - th i rd s  o f  th e  o u te r  s c a le  s u r fa c e .

i+. The H is to lo g ic a l  E f f e c ts  Produced by S tr ip p in g  th e  Squamate 

In tegum ent D uring th e  E a rly  Renewal Phase

In  some c ase s  where o n ly  th e  b e ta  l a y e r  was rem oved, th e r e  

w ere no d e te c ta b le  changes in  th e  s u b ja c e n t l i v in g  c e l l s .  Under 

such c irc u m sta n c e s , l a t e r  b io p s ie s  showed no e f f e c t s  on th e  d i f f e r ­

e n t i a t i o n  o f  e i t h e r  th e  innerm ost c e l l u l a r  components o f  th e  o u te r  

ep id erm al g e n e ra tio n  ( la c u n a r  and c l e a r  l a y e r s ) ,  n o r on th e  O ber- 

h au tch en  and b e ta  c e l l s  b e n ea th .

Where th e  s t r i p  removed corneous m a te r ia ls  in c lu d in g  a l l  o r  

p a r t  o f  th e  a lp h a  l a y e r ,  th e  n e t  r e s u l t  was th e  p ro d u c tio n  o f  a
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F ig u re  60. Photom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

C o n s tr ic to r  c o n s t r i c t o r  s k in ,  two days a f t e r  s t r ip p in g  th e  ep id erm is  

d u rin g  th e  p o s t-s h e d  c o n d it io n . The a lp h a  l a y e r  i s  th ic k  and th e r e  

a re  many n e s ts  o f  m ig ran t e o s in o p h ils  (ES, f o r  o th e r  symbols see  

f ig u r e  l ) .

F ig u re  6 l .  Pho tom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

Gekko gecko s k in ,  s ix  days a f t e r  s t r ip p in g  th e  ep id erm is  d u rin g  e a r ly  

ren ew a l. The m e ta p la s t ic  t i s s u e  (M) must have been  d e r iv e d  from  p re ­

sum ptive f e a th e r  k e r a t in  s y n th e s iz in g  c e l l s  ( f o r  o th e r  symbols see 

f ig u r e  3 ) .

F ig u re  62. Photom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

C o n s tr ic to r  c o n s t r i c t o r  s k in  s ix  days a f t e r  s t r ip p in g  th e  sk in  d u rin g  

th e  mid renew al phase (mid s ta g e  H). P ro b ab ly  th e  e n t i r e  o u te r  gen­

e r a t io n  was removed from  t h i s  r e g io n ,  a ls o  n o te  th e  p resu m p tiv e  b e ta  

l a y e r  i s  warped ( f o r  symbols see  f ig u r e  1*).

F ig u re  63. Photom icrograph  th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

Caiman s c le ro p s  s k in . The c o r n i f ie d  la y e r  (C) iB un ifo rm  and lam e l­

l a t e  ( f o r  o th e r  symbols see  f ig u r e  l ) .
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hyper p l a s t i c  a lp h a  t i s s u e ,  e s s e n t i a l l y  com parable t o  t h a t  seen  in  a 

r e s t i n g  phase  s t r i p .  However, such m a te r ia l  was produced in  q u i te  a 

d i f f e r e n t  m anner. F o llow ing  th e  rem oval o f  s u p e r f i c i a l  co rneous ma­

t e r i a l s ,  depending  on th e  e x a c t s ta g e  o f  th e  renew al p h a se , th e  c e l l s  

which were exposed from  w ith o u t inw ards may h e  i d e n t i f i e d  a s  fo llo w s : 

p resum ptive  la c u n a r  t i s s u e  (one to  two la y e r s  in  l i z a r d s ,  fo u r  to  

s ix  la y e r s  in  s n a k e s ) , a  s in g le  e p ith e liu m  -  th e  p resu m p tiv e  c le a r  

l a y e r ,  a n o th e r  s in g le  e p ith e liu m  -  th e  p resum ptive  O berhau tchen , and 

one o r  s e v e ra l  la y e r s  o f  p resu m p tiv e  b e ta  c e l l s  (M aderson, 1965b ,  

1966). In te n s e  g e rm in a l a c t i v i t y  would no rm ally  be seen  d u rin g  t h i s  

p a r t  o f  th e  c y c le .  E xam ination  o f  b io p s ie s  two t o  f iv e  days p o s t ­

s t r i p  ( f ig u r e  6 l)  re v e a le d  h y p e r p la s t ic  a lp h a  t i s s u e  w hich must have 

been  d e r iv e d  by th e  m a tu ra tio n  o f  th e  p e rsu m p tiv e  c e l l  p o p u la tio n s  

d e sc r ib e d  above. F iv e  to  seven days a f t e r  a  s ta g e  2 c o n d it io n  was 

re c o g n iz a b le ,  one would expec t to  see  a  s ta g e  fo u r  c o n d it io n  w ith  

r e a d i ly  re c o g n iz a b le  O berhautchen and d i f f e r e n t i a t i n g  b e ta  c e l l s .

Such a  c o n d itio n  was seen  in  c o n tr o l  m a te r i a l ,  o r  o v e r th e  s c a le s  

w hich w ere n o t s t r ip p e d .  However, i f  th e  ep id erm is  was s t r ip p e d  

s u c c e s s fu l ly  d u rin g  s ta g e  2 ,  f iv e  t o  seven  days l a t e r  th e  c h a r a c te r ­

i s t i c  e lem en ts  cou ld  n o t be re c o g n iz e d  in  th e  deep re g io n s  o f  th e  

t i s s u e .  A m e ta p la s ia  o f  th e  p e rsu m p tiv e  O berhautchen and b e ta  c e l l s  

m ust th e r e f o r e  have o c c u rre d . I f  th e  s t r i p  was perform ed  d u rin g  

s ta g e  2 o r  e a r ly  to  mid s ta g e  3 , th e r e  was an e v e n tu a l d e lay ed  d i f ­

f e r e n t i a t i o n  o f  an in n e r  ep id erm al g e n e ra t io n . S tr ip p in g  d u rin g  

l a t e  s ta g e  3 th ro u g h  mid s ta g e  U d id  n o t g iv e  th e  a f f e c te d  ep id erm is  

enough tim e t o  " c a tc h  u p " , so t h a t  o n ly  h y p e rp la s t ic  a lp h a  m a te r ia l  

was p re s e n t  in  such re g io n s  by th e  tim e  shedd ing  o c c u r re d , and t h i s
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m a te r ia l  o f te n  rem ained on th e  a n im a l 's  "body.

5. The H is to lo g ic a l. E f f e c ts  Produced by S tr ip p in g  th e  Squamate 

In tegum ent D uring  th e  L a te  Renewal Phase

I f  th e  s t r ip p in g  was e f f e c te d  a f t e r  mid s ta g e  H, when th e  

new O berhautchen and b e ta  c e l l s  w ere f a i r l y  w e ll advanced in  sy n th e ­

s iz in g  t h e i r  complement o f  f e a th e r  p r o te in  p re c u rs o r s  (M aderson et_ 

a l . , 1972) th e  fo llo w in g  was seen : th e  exposed la c u n a r  t i s s u e  and

c le a r  la y e r  form ed a  m inim al s u p e r f i c i a l  a lp h a - l ik e  t i s s u e ,  and th e  

s u b ja c e n t b e ta  la y e r  (w ith  th e  O berhau tchen) co n tin u ed  i t s  p a t te r n  

o f  d i f f e r e n t i a t i o n  a lth o u g h  some g ro ss  "w arping" was seen  ( f ig u re  

6 2 ) .

S t r ip p in g  th e  ep id erm is  d u rin g  s ta g e  5 o r  l a t e r ,  in v a r ia b ly  

removed th e  o u te r  ep id erm al g e n e ra tio n  in  t o t o , p erhaps p re c o c io u s ly  

d is r u p t in g  th e  i n t e r c e l l u l a r  bonds betw een th e  c l e a r  la y e r  and th e  

O berhau tchen . Some "w arping" o f  th e  new b e ta  l a y e r  was s e e n , b u t no 

s p e c i f i c  e f f e c t  on g erm in a l p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  w ere 

d e te c ta b le  in  subsequen t b io p s ie s .

6 . The H is to lo g ic a l  E f f e c ts  Produced by S tr ip p in g  th e  Caiman 

In tegum ent

The corneous m a te r ia l  o f  i n t a c t  caim an ep id erm is  was th ic k  

and l a m e l la t e ,  and l a i d  above ap p ro x im a te ly  s ix  la y e r s  o f  r a th e r  

f l a t t e n e d  s u p ra b a sa l c e l l s  ( f ig u r e  6 3 ) .  S tr ip p in g  reduced  th e  th ic k ­

n ess  o f  th e  corneous re g io n . By two d a y s , th e  g e rm in a l c e l l s  were 

co lum nar, and th e r e  w ere more la y e r s  o f  p o ly g o n a l s u p ra b a s a l  c e l l s  

( f ig u r e  6k) .  The l i v i n g  c e l l s  m a in ta in ed  t h i s  ap p earan ce  f o r  up to  

fo u r te e n  days a f t e r  s t r i p p in g ,  and th e r e  was a  s te a d y  rep lacem en t o f  

corneous m a te r ia ls  whose h i s to lo g ic a l  appearance  resem bled  th e  norm al
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F ig u re  6k.  Photom icrograph th ro u g h  th e  o u te r  s c a le  s u r fa c e  o f  

Caiman s c le ro p s  s k in ,  seven days a f t e r  c e llo p h an e  s t r ip p in g  th e  i n ­

tegum ent. The germ ina l c e l l s  a re  a c t i v e ,  th e r e  a re  many la y e r s  o f  

immature c e l l s ,  and th e re  i s  some s ig n  o f  n ev ly  k e r a t in iz e d  corneous 

m a te r ia l  (NC), f o r  o th e r  symbols see  f ig u r e s  1 and 63.
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t i s s u e .

7 . P a t te r n s  o f  CWL in  R e p t i le s  Fo llow ing  E piderm al S tr ip p in g

T ab les  32-3^ and f ig u r e s  65 and 66 document th e  e f f e c t s  o f  

c e llo p h an e  s t r ip p in g  o f  th e  corneous la y e r s  o f  th e  ep id erm is  on CWL 

in  a  v a r i e ty  o f  r e p t i l e s ,  as  m easured by compartment and cap su le  

te c h n iq u e s .

As has been  d e sc r ib e d  above, s in c e  th e  e f f e c t s  o f  s t r ip p in g  

w ere u n p re d ic ta b le  in  te rm s o f  how many s c a le s  w ith in  a  s t r ip p e d  

a re a  w ere a f f e c t e d ,  and to  what d e g re e , th e  a b so lu te  v a lu e s  a re  l e s s  

im p o rtan t th a n  th e  g e n e ra l  t r e n d  w hich was o b se rv a b le  th ro u g h o u t. 

T here was a  sharp  in c re a s e  in  CWL im m ediate ly  a f t e r  s t r i p p in g ,  and 

t h i s  e f f e c t  was g ra d u a lly  a m e lio ra te d  fo llo w in g  th e  traum a.

The p a t t e r n  o f  re c o v e ry  in  to k ay  6 ( t a b le  33 and f ig u r e  6 5 ) 

and in  body re g io n s  D o f  th e  two boas ( t a b le  3U and f ig u r e  66) was 

somewhat l e s s  d ram a tic  th a n  in  o th e r  to k a y s , and in  o th e r  re g io n s  

o f  th e  s n a k e 's  body, r e s p e c t iv e ly .  A lthough th e  two snakes were 

s t r ip p e d  l i g h t l y  in  th o s e  re g io n s  ( th a t  i s , on ly  te n  a p p l ic a t io n s  

w ere made, so t h a t  few er s c a le s  w ere a f f e c te d )  th e  common denom inator 

w ith  to k a y  6 ( ta b le  33 and f ig u r e  6 5 ) i s  t h a t  th e  s t r ip p in g  was a f ­

f e c te d  d u rin g  th e  renew al p h ase . For b o th  snakes ( t a b le  3U and 

f ig u r e  6 6 ) , th e  im m ediate p o s t - s t r i p  CWL f o r  s k in  re g io n s  A th ro u g h  

C showed com parable v a lu e s ,  and s im i la r  re c o v e ry  p a t t e r n s .  However, 

th e  f ig u r e s  f o r  re g io n  E f o r  each  an im al a re  somewhat d i f f e r e n t ,  th e  

v a lu e  f o r  boa 2 b e in g  n e a r ly  tw ic e  t h a t  f o r  bo a  1 . T ab le  3^ shows 

t h a t  f o r  boa 1 th e  ep iderm al h is to lo g y  showed a  mid s ta g e  U, and fo r  

boa  2 a  mid to  l a t e  s ta g e  U. However th e  s e c t io n s  a ls o  re v e a le d  

t h a t  in  th e  case  o f  boa  2 ,  th e  o u te r  ep id erm al g e n e ra tio n  was r e -



T ab le  32. The e f f e c t s  o f  s t r ip p in g  by c e llo p h an e  ta p e  on CWL (m g/0.5 h r )  in  two l i z a r d  s p e c ie s  as 

m easured by th e  chamber te c h n iq u e  (pR -  p e r f e c t  r e s t i n g  c o n d i t io n ,  pS -  p o s t-s h e d  c o n d it io n ,

na -  n o t a p p l ic a b le ,  le n g th  o f  c y c le  unknown, D -  d ead ) .

Days p o s t - s t r i p

Animal A B C D 2 4 5 6 7 8 9 11 13 14 16

Gekko A pR 3 20 .4 56 .2 56 .2 30.9 31 .3

Gekko B pR 5 1 3 .4 50.0 27 .4 2 0 .1 24 .8 22 .4 31 .2 30 .3  34 .8

Gekko C p s 1 20 .7 105-5 36 .1 2 1 .7 14 .8 D

Gekko D pR 10 19-3 47 .2 30.5 23 .7 20 .0 D

D ipsosau rus pR na 7-1 44 .0 2 1 .4 8 .8 6 .6 6-9

A. E piderm al h is to lo g y

B. Days p o s t-s h e d

C. P r e - s t r i p  CWL

D. P o s t - s t r i p  CWL



T able  33. The e f f e c t s  o f  s t r ip p in g  by ce llo p h an e  ta p e  on CWL (mg/cm2/ h r ) in  l i z a r d s  and a  caiman as 

m easured by th e  cap su le  te ch n iq u e  (pS -  p o s t-s h e d  c o n d it io n ,  pR -  p e r f e c t  r e s t i n g  c o n d it io n ,  e3 -  e a r ly  

s ta g e  3 , S -  sh ed , D -  dead , na -  n o t a p p lic a b le  -  s in c e  caim ans do n o t have a  shedd ing  c y c le ) .

Days p o s t - s t r i p

Animal A B C D 1 2 3 1+ 5 6 7 8 9 10 11

Tokay l a pS 2 1 . 1+2 11 .50 6 .90 3 .76 1 .7 5 1 .5 2 1 .1 3 1.1+7 1 .19 1 .22

Tokay 2a pS 1 0 .23 7-63 6 .0 2 2 .1 0 1 .0 2 0 . 8U 0.78

Tokay 3& pS 2 0.17 6.79 3.11+ 1 . 1+6 O.56 0.81+ 0 . 1+1

Tokay l+a pR 5 0 .23 7-85 2 .90 1.61+ O.9 I+ 0 .66 0 .7 0

Tokay 5& pR 5 0.15 5 .31 2.08 0 .66

Tokay 6a e3 13 0 .28 6 .33 6 .27 5-73 1+.81+ 3-50 3.03 3 .11 3.28 s 1 .1 3 1 .0 1

Tegu Ab pS 1 O.96 3.82 1+.29 2.61+ D

Tegu B pR 6 0.1+3 2 .93 3-33 3.01+ 2 .98 2 . 5I+ 1 .66 1 .1 9 1 .0 7 0 .99 0 .8 3 0.61+ 0 .59

Caiman^ na na 0 . 9!+ 7 .92 6 .67 7 .17 5.91+ 5-15 1+.88 3-17 2 .8 0 1.61+ 1 .8 9 1 .96 2 .16

13 15

1 .2 3  1 .18



T ab le  33. The e f f e c t s  o f  s t r ip p in g  by c e llo p h an e  ta p e  on CWL (mg/cm2/h r )  in  l i z a r d s  and a  caiman as  

m easured by th e  cap su le  te c h n iq u e  (pS -  p o s t-s h e d  c o n d it io n ,  pR -  p e r f e c t  r e s t i n g  c o n d it io n ,  e3 -  e a r ly  

s ta g e  3 , S -  sh ed , D -  dead , na -  n o t a p p lic a b le  -  s in c e  caim ans do n o t have a  shedd ing  c y c le ) .

(co n tin u ed )

A. E piderm al h is to lo g y

B. Days p o s t-sh e d

C. P r e - s t r i p  CWL

D. P o s t - s t r i p  CWL

a . C apsule s iz e  -  U.52 cm2

b . C apsule s iz e  -  8.U0 cm2

1
H
VO01



T able  34. The e f f e c t s  o f  s t r ip p in g  by c e llo p h an e  ta p e  on w eekly m easurem ents o f  CWL (mg/cm2/h r )  

in  two boas as  m easured by th e  c a p su le  te c h n iq u e  (pS -  p o s t-s h e d  c o n d i t io n ,  pR -  p e r f e c t  r e s t in g  

c o n d i t io n , 2 -  s ta g e  2 ,  m4 -  mid s ta g e  4 , m -l4 -  mid to  l a t e  s ta g e  4 ) .

Boa I a Boa 213

Days p o s t- ished Days p o s t-sh e d

0 7 14 21 28 0 7 14 21

Epiderm al s ta g e pS pR pR 2 m4 pS pR pH 2

Skin  re g io n

C o n tro l 0 .43 0 .26 0 .37 0 .21 0 .2 1 0 .48 0 .38 0 .09 0 .32

R egion A 5 .36° 1 .1 9 0 .33 0 .6 l 0 .46 5-73° 1 .1 1 0 .71 0 .77

R egion B 5 .37° 1 .22 0 .50 6 .2 1 ° 0 .65 0 .36

Region C 5-99° 1 .54 0 .89 5 .58° 0 .48

R egion D 2 .7 3 d 1 .62 3 . 08 '

Region E 6 .8 2 c

a .  C apsule s iz e  8 .4 0  cm2

b . C apsule s iz e  4 .5 2  cm2

c . Measurement im m ediately  a f t e r  s t r ip p in g

d . Measurement im m ediate ly  a f t e r  a  l i g h t  s t r ip p in g

28
m -l4

0.52

0 .3 3
0 .44

0.49
1.88

11 .23°
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F ig u re  6 5 . CWL as  a  fu n c tio n  o f  tim e  s in c e  s t r ip p in g  f o r  sev ­

e r a l  to k ay s  (B -  b e fo re  s t r i p p in g ,  # -  CWL v a lu e  f o r  to k ay s  2 to  6 ) .

F ig u re  66. The e f f e c t  o f  s t r ip p in g  and th e  p a t t e r n  o f  re g e n e ra ­

t i o n  o f  th e  "b a rrie r  fo r  two C o n B tric to r  c o n s t r i c t o r  (open c i r c l e s  -

c o n t r o l  r e g io n ,  open sq u ares  -  re g io n  A, open t r i a n g le s  -  re g io n  B, 

c lo se d  c i r c l e s  -  re g io n  C, c lo se d  sq u a res  -  re g io n  D, c lo se d  t r i ­

a n g le s  -  re g io n  E ).
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moved from  n e a r ly  a l l  s c a le s ,  b u t in  boa  1 ,  i t  was ab se n t from o n ly  

some s c a le s .

SECTION V I. COMPARATIVE RATES OF CWL

A. CWL IN TETRAPODS

Tabl.. 35 p re s e n ts  r e s u l t s  o f  CWL d e te rm in a tio n s  u s in g  c a p su le s  

f o r  a  v a r i e ty  o f  te t r a p o d s  n o t e x te n s iv e ly  s tu d ie d  a s  p a r t  o f  t h i s  

t h e s i s .  These d a ta  can be compared t o  th e  r e l a t i v e  r a t e s  o f  w hole 

an im al CWL re p o r te d  in  th e  l i t e r a t u r e  (se e  t a b l e  l ) .

B. REGIONAL RATES OF CWL

On l a r g e r  an im als  i t  was p o s s ib le  to  m easure CWL in  more th a n  

one re g io n . A ll  d a ta  in  t a b l e  36 a re  p re s e n te d  as  p a ire d  o b se rv a ­

t i o n s ,  s in c e  th e  ex p e rim en ta l p ro to c o l  o f te n  d i f f e r e d  betw een p a i r s .



Table 35* Capsule determinations of CWL (mg/cm2/hr) for a variety of tetrapods.

Ambient

Animal C o n d itio n N

te m p e ra tu re

(°c)

C apsule

s iz e S i t e CWL SD

Homo in  v ivo 1 27 L arm 1 .0 8

R a ttu s in  v i t r o 1 30 L fla n k 0.65

Iguana in  v ivo b 22-27 3 b e l ly 0 .20 0 .10

Iguana in  v i t r o 1 25 3 b e l ly O.lU

D ipsosaurus in  v iv o 3 30 3 b e l ly 0 .36 0 .02

Caiman in  v ivo 5 22-27 3 and 1 b e l ly 0 .57 0 .27

Caiman in  v iv o k 30 L b e l ly 1.U7 0.U8

Caiman in  v i t r o 1 30 k b e l ly 3 .63

C rocodylus in  v iv o 6 25-27 U and L b e l ly 0 .77 O.lU

Geochelone in  v ivo l 30 L p la s t r o n 0 .57

Pseudemys in  v i t r o 3 30 L neck and k.Q& 1 .5 2

Rana in  v iv o 1 28 k

in g u in a l

b e l ly 10. U7
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Table 36. R eg ional CWL (mg/cm2/ h r ) fo r  v a r io u s r e p t i l e s .

A rea 1 A rea 2

S p ec ies C o n d itio n L o ca tio n CWL L o ca tio n CWL

Tupinam bis in  v ivo v e n t r a l  th ig h 0.1+2 low er b e l ly 0 .67

Tupinam bis in  v iv o d o rs a l  th ig h 0 .57 d o r s a l  c a l f 0 .55

Tupinam bis in  v iv o back low er b e l ly h ig h e r*

Elaphe in  v i t r o back 0 .71 b e l ly 0.51+

E laphe in  v i t r o back 0.1+2 b e l ly 0 .36

C rocodylus in  v iv o low er belly- 1.1+9 low er jaw 0 .91

C rocodylus in  v iv o upper b e l ly 0 .71 low er jaw 0.69

Pseudemys in  v i t r o le g 6.01+ neck 1+.3

*see  f ig u r e  1+8
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DISCUSSION

SECTION I .  GENERAL ASPECTS OF CUTANEOUS WATER LOSS

A. THEORETICAL ANALYSIS

In  te tr a p o d s  th e  r a t e  o f  CWL must e i t h e r  he e v a p o ra tio n  o r  d i f ­

fu s io n  l im i t e d ,  so t h a t  whenever th e  r a t e  o f  CWL i s  low er th a n  th e  

r a t e  o f  e v a p o ra tio n  from a s im i la r ly  shaped f r e e  w a te r  s u r f a c e , i t  

m ust he d i f f u s io n  l im i te d .  The r a t e  o f  CWL f o r  th e  r e p t i l e s  u sed  in  

t h i s  s tu d y  was c o n s id e ra b ly  low er th a n  th e  r a t e  o f  f r e e  w a te r  evapo­

r a t i o n  (a ls o  see  S p o t i la  and Berman, 1976).

A ccording  to  P i c k 's  a n a ly s is  (se e  S c h e u p le in , 1972) th e  r a t e  o f  

d i f f u s io n  ( J ,  m oles/cm 2h r)  o f  a  su b s ta n c e  th ro u g h  a  membrane o f

th ic k n e s s  6 (cm ), i s  r e l a t e d  t o  th e  c o n c e n tra t io n  d i f f e r e n c e  o f  th e

su b s ta n c e  (AC, m oles/cm 3) a c ro ss  th e  membrane by th e  e q u a tio n :

J  = ( i )

where D (cm2/s e c )  i s  th e  d i f f u s io n  c o e f f i c i e n t  ( i t  c h a r a c te r iz e d  th e  

p a r t i c u l a r  su b s ta n c e  and th e  membrane). I f  th e  membrane has an a f ­

f i n i t y  f o r  th e  d i f f u s in g  s u b s ta n c e , F ic k 's  r e l a t io n s h ip  becom es:

K DAC

J  = ( 2 )

w here K ( a d im en s io n less  r a t i o )  i s  th e  s o lu te  membrane d i s t r i b u -  m

t i o n  c o e f f i c i e n t  (S c h e u p le in , 1972). S ch eu p le in  combines c o n s ta n ts  

to  a r r iv e  a t  a  p e rm e a b il i ty  c o e f f i c i e n t ,  (c m /h r) , so t h a t :

J  = K AC. (3 )

I f  th e  r a t e  o f  d i f f u s io n  i s  m easured a t  a  v a r i e ty  o f  c o n c e n tra t io n
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g ra d ie n ts  th e  co n stan cy  o f  can be d e te rm in ed .

The t o t a l  membrane r e s i s t a n c e  ( r . , w here r  = k 1) o f  a  complex"G p

sandw ich ty p e  membrane, i s  eq u a l t o  th e  sum o f  th e  r e s i s ta n c e s  o f  

each  membrane in  th e  s e r i e s  ( t h a t  i s  th e  r e s i s ta n c e s  a re  a d d i t iv e ) .  

The t o t a l  r e s i s t a n c e  o f  a  membrane complex w ith  d i f f e r e n t  p a r a l l e l  

pathw ays ( s p o t te d  o r  s t r i p e d  ty p e  membranes) i s  eq u a l to  th e  sum o f  

th e  p e r m e a b i l i t ie s  o f  each pathw ay m u l t ip l ie d  by  i t s  f r a c t i o n a l  a re a  

o f  th e  membrane (S c h e u p le in , 1972).

The te t r a p o d  in tegum ent r e p re s e n ts  a  complex sandw ich ty p e  mem­

b ra n e , w ith  fo u r  b a s ic  components in  s e r i e s  which m ight a f f e c t  th e  

t o t a l  membrane r e s i s t a n c e :  l )  th e  d e rm is , 2) th e  l i v i n g  ep id erm al

l a y e r s ,  3) th e  c o r n i f ie d  ep id erm al l a y e r s ,  and U) th e  vapor boundary 

l a y e r  s e p a ra t in g  th e  ep id erm is  from th e  f r e e ly  moving a i r  o f  th e  en­

v iro n m en t. The f i r s t  two components canno t l i m i t  w a te r lo s s  s in c e  

th e y  a re  m o is t ( th e y  would have t o  be p a r t l y  d eh y d ra ted  to  have a  

s ig n i f i c a n t  b a r r i e r  f u n c t io n ) ;  th e  fo u r th  component cannot a f f e c t  th e  

r a t e  o f  CWL s in c e  th e  phenomenon i s  n e i th e r  e v a p o ra tio n  l im i te d  n o r 

v e ry  h ig h  (M achin, 1969; S p o t i la  and Berman, 1976; S p r u i t ,  1970). 

L o g ic a lly  t h e r e f o r e ,  th e  c o r n i f ie d  ep id erm al la y e r s  must c o n s t i tu t e  

th e  main p e rm e a b il i ty  b a r r i e r ,  and t h i s  assum ption  i s  su p p o rte d  by 

th e  f a c t  t h a t  t h e i r  rem oval by ce llo p h an e  s t r ip p in g  p roduces a  

g r e a t ly  in c re a s e d  r a t e  o f  CWL (p . 1 8 7 ).

Two f u r th e r  p ie c e s  o f  d a ta  m ust be c o n s id e re d  w ith  re s p e c t  to  

th e  t o t a l  membrane r e s i s t a n c e .  F i r s t ,  in  a  s c a le d  in tegum ent th e r e  

a re  p a r a l l e l  pathways re p re s e n te d  by th e  o u te r  s c a le  s u r fa c e  and 

h in g e  re g io n s . Second, in  squam ates, th e  c o r n i f ie d  ep id erm al la y e r s  

com prise two k e ra tin a c e o u s  p r o te in  ty p e s  in  v e r t i c a l  s e r i e s  (a lp h a
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and b e ta  k e r a t i n ) .

I t  i s  obvious from P ic k ’ s Law t h a t  th e  r a t e  o f  d i f f u s io n  (CWL) 

i s  d i r e c t l y  r e l a t e d  to  th e  c o n c e n tra t io n  g r a d ie n t .  However, t h i s  

concep t can o n ly  be r ig o r o u s ly  a p p lie d  when th e  c o n c e n tra tio n  g ra d i­

e n t i s  s m a ll ,  a lth o u g h  th e  g e n e ra l  p r in c ip le  p ro b a b ly  s t i l l  a p p l ie s  

in  c o n d itio n s  where a  la rg e  c o n c e n tra t io n  g ra d ie n t  e x i s t s  (Scheu­

p l e i n ,  p e rs o n a l com m unication). S ch eu p le in  and B lank (1971) e s tim a te  

t h a t  f o r  human sk in  a t  90$ am bient r e l a t i v e  h u m id ity  (w a te r vapor 

c o n c e n tra t io n  0 .002 M), th e  c o n c e n tra t io n  o f  w a te r in  th e  s tra tu m  

corneum i s  27 M so t h a t  th e  r e s u l t i n g  c o n c e n tra t io n  g ra d ie n t  would 

be ap p ro x im a te ly  27 M. I f  th e  am bient h u m id ity  i s  50% (o r  0 .001  M) 

th e  c o n c e n tra t io n  g ra d ie n t  i s  p r a c t i c a l l y  u n a f f e c te d .  However, a 

d e c re a se  in  am bient hu m id ity  (from  90$ RH t o  50$ RH) m ight d ry  th e  

corneum and th u s  d e c rea se  th e  m em brane's p e rm e a b il i ty  c o e f f i c i e n t

(k ) . T h e re fo re , i t  i s  p o s s ib le  f o r  CWL to  d e c re a se  in  s p i t e  o f  an 
P

in c re a s e  in  th e  c o n c e n tra t io n  g r a d ie n t .  Thus th e  la c k  o f  a  l i n e a r  

r e l a t i o n s h ip  betw een CWL and am bient h u m id ity  i s  n o t s u r p r i s in g  ( t a ­

b le s  9 a-nd- 1 0 ) . S in ce  th e  am bient h u m id ity  in  th e  chamber i s  in ­

v e r s e ly  r e l a t e d  t o  th e  a i r  flow  r a t e ,  n e i th e r  i s  i t  s u r p r i s in g  t h a t  

no l i n e a r  r e la t io n s h ip  e x i s t s  betw een flow  r a t e  and CWL ( ta b le  8 ; 

Cohen, 1975). S im i la r ly ,  te m p e ra tu re  (a  p a ram ete r n o t d i r e c t l y  s tu ­

d ie d  in  t h i s  t h e s i s )  m ight a f f e c t  CWL m ain ly  by i t s  a c t io n  on th e  

s a tu r a t i o n  d e f i c i t  (p . 22) w hich would c o u n te r  i t s  e f f e c t  on th e  

w a te r  h o ld in g  a b i l i t y  o f  th e  k e r a t in  and a  d i r e c t  e f f e c t  on 

d i f f u s io n .

The fo reg o in g  t h e o r e t i c a l  a n a ly s is  e x p la in s  why th e  r a t e s  o f  

CWL f o r  a n e s th e t iz e d ,  dead and c o n tro l  an im als  w ere n o t s i g n i f i c a n t l y
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d i f f e r e n t  ( t a b l e  7 ) . Such c o n d itio n s  would n o t be  ex p ec ted  to  a l t e r  

th e  p e rm e a b il i ty  c o e f f i c i e n t  o f  an a lre a d y  dead (co rn eo u s) m a te r ia l  

n o r th e  c o n c e n tra t io n  g ra d ie n t  and t h e r e f o r e ,  sh o u ld  n o t a f f e c t  CWL. 

T h is has been s u b s ta n t ia te d  f o r  human s u b je c ts  (S ch e u p le in , 1972) 

and i s  th e  u n d e rly in g  r a t io n a le  fo r  th e  u se  o f  in  v i t r o  m easuring  

system s. However, i f  th e  sk in  d r ie s  o u t ,  CWL sometimes in c re a s e s  

d ra m a t ic a l ly ,  s in c e  com plete d e h y d ra tio n  p ro b ab ly  d is r u p ts  th e  b a r ­

r i e r .  Most c l i n i c a l  in v e s t ig a t io n s  have found no r e l a t io n s h ip  b e ­

tw een norm al CWL and b lo o d  flow  (S c h e u p le in , 1972; how ever, see  H at- 

t in g h ,  1972c). Cohen (1975) found th a t  th e  r a t e  o f  w a te r  lo s s  (EWL) 

in  c e r a s te s  in c re a s e d  a f t e r  th e  IP  a d m in is tr a t io n  o f  a  v a s o d i la ­

t o r .  However, C ohen 's pap er does n o t p re c lu d e  th e  p o s s i b i l i t y  t h a t  

th e  in c re a s e  was due to  in c re a s e d  a c t i v i t y  o f  th e  s u b je c t  cau s in g  

w a te r t o  be l o s t  v i a  non-cu taneous r o u te s .

H y d ra tin g  to k a y  s k in  (by im m ersing th e  an im al i n  w a te r )  d u rin g  

th e  renew al phase  had no e f f e c t  on th e  h is to lo g y  o f  th e  ep id erm is  

n o r any s ig n i f i c a n t  e f f e c t  on CWL (p . 6 8 ) . I f  h y d ra t io n  was done 

a f t e r  shedd ing  an in c re a s e  in  th e  r a t e  o f  CWL o c c u rre d . H is to lo g i­

c a l l y  t h i s  in c re a s e  was c o r r e la te d  w ith  a  s w e llin g  o f  th e  immature 

( k e r a t in iz in g )  and m ature ( k e r a t in iz e d )  a lp h a  t i s s u e s .  A lthough th e  

b e ta  la y e r  i s  m ature  a t  th e  tim e  o f  shedd ing  i t  i s  p ro b a b le  t h a t  

t h i s  la y e r  d id  n o t i n t e r f e r e  w ith  th e  movement o f  w a te r  (th ro u g h  o r 

around i t )  in to  th e  immature a lp h a  l a y e r .  H y d ra tio n  o f  th e  to k a y  

a lp h a  la y e r  in c re a s e d  th e  s k i n 's  p e rm e a b il i ty  J u s t  a s  in c re a s e d  cu­

ta n eo u s  p e rm e a b il i ty  o ccu rs  when mammalian k e r a t i n  i s  h y d ra te d  

(S c h e u p le in , 19^2). S ch eu p le in  (1972) e x p la in s  t h a t  th e r e  i s  a  

low er a c t i v a t io n  energy  f o r  w a te r  d i f f u s io n  th ro u g h  h y d ra te d  k e ra ­
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t i n  th a n  th ro u g h  d eh y d ra ted  m a te r ia l .  However, h y d ra tio n  d id  n o t 

a f f e c t  CWL d u rin g  th e  renew al p h a se , in  s p i t e  o f  th e  f a c t  t h a t  w a te r  

was p ro b ab ly  a b le  t o  go th ro u g h  o r  around  th e  b e ta  l a y e r ,  to  th e  a l ­

pha la y e r .  The e x p la n a tio n  m ight be t h a t  w a te r  cannot e n te r  a lp h a  

k e r a t i n  (under th e  m ild  c o n d itio n s  UBed) i f  i t  i s  a lre a d y  c o r n i f ie d  

( to  u se  an exam ple, a s  i f  i t  w ere hardened  cem en t), a lth o u g h  i t  can 

e n te r  i f  c e l l u l a r  d e h y d ra tio n  i s  s t i l l  o c c u r r in g  (m oist cem ent).

I t  i s  p o s s ib le  t h a t  more d r a s t i c  t re a tm e n t ( f o r  exam ple, w ith  a 

b a s e ;  S p ru i t  and M alten , 1971) o f  renew al m a te r ia l  would cause  CWL 

t o  in c re a s e .  P re lim in a ry  r e s u l t s  in d ic a te  t h a t  am bient a c c lim a tio n  

h u m id ity  i s  in  some way r e l a t e d  t o  CWL. H ydrated  to k ay s  a cc lim a te d  

t o  low hu m id ity  had low er r a t e s  o f  CWL th a n  h y d ra te d  to k ay s  a c c l i ­

m ated to  h ig h  hu m id ity  ( t a b le  1 1 ) . However, s in c e  food  was u s u a l ly  

w ith h e ld  from a l l  th e s e  to k a y s  f o r  s e v e ra l  w eeks, t h e i r  low r a t e  o f  

CWL compared to  an im als  whose food was w ith h e ld  f o r  ^-5  d a y s , m ight 

r e f l e c t  th e  fo rm e r 's  poor n u t r i t i o n a l  s t a t u s .  S im ila r  r e s u l t s  w ere 

found fo r  L a c e r ta  (p . 8U). One may s p e c u la te  t h a t  k e r a t in iz e d  t i s ­

sues w hich m ature under th e  c o n d itio n s  o f  low am bient h u m id ity  have 

im proved b a r r i e r  f u n c t io n s ,  a  p o s s i b i l i t y  w ith  obvious e c o lo g ic a l  

a d v a n ta g e s , w hich d e se rv e s  d e ta i l e d  in v e s t ig a t io n .

A lthough p ro lo n g ed  d e h y d ra tio n  d id  n o t a f f e c t  th e  r a t e  o f  CWL 

in  e i t h e r  to k ay s  o r  l a c e r t a s ,  a  s in g le  s e t  o f  o b e rv a tio n s  in d ic a te s  

t h a t  i t  m ight in  I_. ig u an a  (p . 8 3 ) . The re a so n  f o r  t h i s  i s  n o t 

c l e a r ,  a lth o u g h  s im i la r  o b s e rv a tio n s  have been  made f o r  mammals 

(H aines and S h ie ld ,  1971; H aines e t  a l . , 1973, 197^; Sokolov , 1 9 6 2 ).

W hile lo n g  te rm  changes in  a  to k a y 's  s t a t e  o f  h y d ra tio n  d id  n o t 

seem t o  a f f e c t  CWL, s h o r t  te rm  changes d id  have such an e f f e c t .
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When a  d eh y d ra ted  to k ay  was a llow ed  t o  d r in k ,  o r  f o r c ib ly  g iven  wa­

t e r ,  i t s  awake r a t e  o f  CWL in c re a s e d  im m ediately  (ap p ro x im a te ly  

d o u b led ). T h is  e le v a te d  r a t e  was a ls o  p re s e n t  a  day l a t e r .  The me­

chanism  f o r  t h i s  in c re a s e  was n o t in v e s t ig a te d  n o r can a  re a so n a b le  

h y p o th e s is  be o f f e r e d .  However, th e  in c re a s e  d id  n o t occu r in  an es­

th e t i z e d  a n im a ls , n o r when a  sm all volume o f  f l u i d  was g iv e n . The 

in c re a s e  was much g r e a te r  th a n  co u ld  be ex p ec ted  from  a  s im ple  

s t r e t c h in g  e f f e c t  ( t a b le s  28 and 29)- I t  would seem t h a t  th e  s tim u­

lu s  must be r e l a t i v e l y  la r g e  and t h a t  an a n e s th e t iz e d  anim al may n o t 

sen se  th e  s t im u lu s . I t  m ight seem t h a t  such r e s u l t s  cou ld  be ex­

p la in e d  on th e  b a s i s  o f  g a s t r o i n t e s t i n a l  f l u i d  u p ta k e , which would 

r e s u l t  in  a d e c re a se  in  plasm a o s m o la r i ty , b e in g  s lo w er in  a n e s th e ­

t i z e d  th a n  in  norm al d eh y d ra ted  an im a ls . However, such an exp lan a­

t i o n  i s  n eg a ted  by th e  f a c t  t h a t  th e  n ex t d a y 's  r a t e  o f  CWL was s t i l l  

low er f o r  th e  a n e s th e t iz e d  a n im a ls , a lth o u g h  c e r t a in l y  enough tim e 

had e la p se d  t o  abso rb  th e  f l u i d .  In  a d d i t io n ,  a  re a so n a b le  change 

in  p lasm a o s m o la r ity  would n o t have a  m easurab le  e f f e c t  on th e  con­

c e n t r a t i o n  g ra d ie n t  and th e re b y  CWL.

G e n e ra lly  th e  r a t e  o f  CWL d ec rea sed  a f t e r  th e  tre a tm e n t ( t a b le  

13) b u t in c re a s e d  by th e  n e x t day ( ta b le  lH ) . The d e c re a se  immedi­

a t e l y  a f t e r  th e  tre a tm e n t was sm all and i t  was p ro b a b ly  due to  a 

sm all amount o f  k e r a t i n  d e h y d ra tio n  fo llo w in g  such  p ro lo n g ed  m easure­

m en ts . The fo llo w in g  d a y 's  enhanced r a t e  o f  CWL may have been  th e  

r e s u l t  o f  c lo a c a l  k e r a t in  s t r i p p in g ,  w hich o c cu rred  when th e  c lo a c a l  

ta p e  waB removed a f t e r  th e  f i r s t  day (se e  page 1 8 7 ). The u se  o f  

s a l i n e  in je c t io n s  and h y d ra te d  an im als  d id  no t e lu c id a te  th e  circum ­

s ta n c e s  in  w hich th e  re sp o n se  i s  t o  be  e x p ec te d , a lth o u g h  i t  c e r t a i n -
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l y  was most pronounced in  awake, d eh y d ra ted  an im als  g iven  w a te r .

B. THE MEASUREMENT OF CUTANEOUS WATER LOSS

One must ask  why shou ld  CWL he m easured? I t  i s  wrong to  th in k  

t h a t  such s tu d ie s  g iv e  any r e a l  in d ic a t io n  o f  an a n im a l 's  " n a tu r a l ,, 

w a te r  r e l a t i o n s .  Animals a re  r a r e ly  exposed f o r  lo n g  p e r io d s  to  

h a rs h  d e s ic c a t in g  c o n d it io n s ,  such as th o s e  employed t o  s tu d y  CWL.

I t  i s  now r e a l i z e d  t h a t  many r e p t i l e s  a re  hom eotherm ic e c to th e rm s . 

T h e ir  te m p e ra tu re  r e g u la t io n ,  to  a  la r g e  e x te n t ,  depends upon behav­

i o r a l  a d a p ta t io n s .  S im ila r ly  i t  seems p ro b ab le  t h a t  r e p t i l e s  a re  

a b le  to  sen se  t h e i r  w a te r s t a tu s  and th e  env iro n m en ta l c o n d itio n s  

w hich a f f e c t  i t ,  and would co n ce iv ab ly  e n te r  a  burrow  to  escape  d es­

i c c a t io n ,  much as  th e y  would to  escape  h y p e rth e rm ia . When th e  me­

th o d o lo g ie s  u sed  to  m easure EWL and e s p e c ia l ly  CWL a re  c o n s id e re d , 

i t  i s  l i k e l y  t h a t  such s tu d ie s  have on ly  m arg in a l e c o lo g ic a l  a p p l i ­

c a b i l i t y .  Such e c o lo g ic a l  g o a ls  a re  b e s t  se rv ed  by f i e l d  s tu d ie s ,  

a lth o u g h  i t  must be r e a l iz e d  t h a t  a t  p re s e n t  no f i e l d  method i s  

a v a i l a b le  f o r  co m p artm en ta liz in g  EWL. I n v e s t ig a t io n s  on CWL can 

o n ly  se rv e  as  s tu d ie s  on th e  com parative  fu n c t io n a l  m orphology o f  

th e  in teg u m en t. That i s ,  one a sp e c t o f  in teg u m en ta ry  p h y s io lo g y , 

p e rm e a b i l i ty ,  sh o u ld  be s tu d ie d  in  d i f f e r e n t  s p e c ie s  and under d i f ­

f e r e n t  c ircu m stan ces  to  u n d e rs tan d  t h a t  p ro p e r ty . When t h i s  g o a l i s  

a p p re c ia te d  th e  n e c e s s i ty  o f  k eep ing  a  c o n t r o l le d  m easuring  system  

becomes o b v io u s .

The most f i n e ly  c o n t r o l la b le  system  used  in  t h i s  s tu d y  was th e  

i n  v i t r o  c a p su le  te c h n iq u e . However, many q u e s tio n s  canno t be an­

sw ered by u s in g  such  a  te c h n iq u e , and i f  th e  r a t e  o f  CWL i s  low ,
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l a r g e  p ie c e s  o f  s k in  must be u sed  w hich a re  n o t alw ays a v a i l a b le .

The in  v iv o  c a p su le  te c h n iq u e  i s  n o t as c o n t r o l la b le  a s  th e  in . v i t r o  

te c h n iq u e , b u t i t  i s  p o s s ib le  t o  in v e s t ig a te  tem p o ra l changes in  an 

in d iv id u a l ,  such as  th o se  o c c u r r in g  d u rin g  th e  shedd ing  c y c le  o r  a f ­

t e r  c e llo p h an e  s t r ip p in g .  However, th e  r e s u l t s  o f  th e  cap su le  te c h ­

n iq u e  a re  u s u a l ly  v a r ia b le  b ecause  th e  m easuring  e r r o r  i s  la r g e  com­

p a re d  to  th e  r a t e  o f  CWL. T h e re fo re , in  most c a se s  th e  c a p su le  te c h ­

n ique  was u sed  on ly  to  con firm  chamber d a ta .  Chamber ru n s  a re  n o t 

c o n t r o l la b le  to  th e  e x te n t  t h a t  c ap su le  ones a r e .  Some im p o rtan t 

v a r ia b le s  in  th e  chamber te c h n iq u e  in c lu d e : p o s tu r a l  ch an g es , ty p e

and r a t e  o f  a i r  f lo w , th e  a n im a l 's  s u r fa c e  a re a  and th e  exposed s u r ­

fa c e  a re a .  A ttem pts w ere made to  reduce  v a r i a b i l i t y  in  a l l  a sp e c ts  

o f  t h i s  m easuring  system  by c a r e f u l ly  r e g u la t in g  p o s s ib le  so u rces  

o f  e r r o r ,  and th e s e  may now be d is c u s s e d . M a te r ia ls  w ith  low p e r ­

m e a b i l i ty  to  w a te r vapor were u sed  f o r  th e  cham ber, tu b in g ,  and con­

n e c t io n s .  T h is reduced  th e  p o s s i b i l i t y  t h a t  changes in  am bient hu­

m id ity  would be ta k en  as changes in  CWL. T h is c o n s id e ra t io n  i s  e s ­

p e c i a l l y  im p o rtan t when th e  r a t e  o f  CWL i s  low and th e  s u r fa c e  a re a  

o f  th e  m a te r ia ls  i s  la r g e .  I f  m easurem ents a re  made on an an im al in  

an a c r y l ic  chamber (a n d /o r  w ith  lo n g  p ie c e s  o f  c o n n ec tin g  tu b in g )  

th e  r e s u l t s  can be  c o r re c te d  by s u b tr a c t in g  th e  background r a t e  o f  

w a te r lo s s  w ith o u t th e  an im al in  s i t u . However, t h i s  in c re a s e s  th e  

v a r i a b i l i t y ,  and i s  n o t th e r e f o r e  th e  p ro to c o l  o f  c h o ic e .

The c o l l a r  u sed  in  t h i s  system  was u s u a l ly  t i g h t  enough to  

cause  some i r r i t a t i o n ,  w hich was p ro b ab ly  compounded by th e  heavy 

a p p l ic a t io n  o f  vacuum g re a s e . However, i t  was o n ly  in  t h i s  manner 

t h a t  th e  s e a l  betw een head and body com partm ents co u ld  be checked ,
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w ith o u t th e  r ig o ro u s  check ing  p ro ced u re  i t s e l f  cau s in g  a  le a k .  The 

a p p ro p r ia te  a i r  flow  r a t e  was s e le c te d  by d e te rm in in g  th e  n e a r  maxi­

mum flow  r a t e  w hich r a r e ly  d is ru p te d  th e  s e a l  in  a  p a r t i c u l a r  e x p e r i­

m ent.

F low m eters w ere u sed  a s  p a r t  o f  th e  i n l e t  and exh au st Bystem  fo r  

b o th  th e  head and body com partm ents. In s p e c tio n  o f  th e  re a d in g  on 

th e s e  fo u r  flow m eters gave a  good in d ic a t io n  o f  a  head-body com part­

ment le a k  o r  a  change in  th e  o u tp u t o f  th e  a i r  so u rc e . However th e  

flow m eter u sed  in  t h i s  s tu d y  d id  n o t g iv e  an a c c u ra te  in d ic a t io n  o f  

th e  flow  r a t e ,  th e r e f o r e  a  wet t e s t  m eter was a t ta c h e d  to  th e  body 

com partm en t's  e x h au s t. T h is a llow ed  d e te rm in a tio n  o f  th e  av erag e  

flow  r a t e  f o r  each h a l f  h o u rly  i n t e r v a l .

The tim e  needed f o r  e q u i l ib r a t io n  to  o ccu r must be e m p ir ic a l ly  

d e te rm in ed . I n i t i a l l y  th e  m o is tu re  in  th e  exh au st a i r  d e r iv e s  from 

th e  cham ber, and from w a ter ad so rb ed  on to  th e  a n im a l 's  s u r fa c e  (se e  

H aines et_ a l_ ., 1973). Thus i n i t i a l  r a t e s  a re  in d ic a t io n s  o f  am bient 

hu m id ity  o f  th e  BOD box (w here th e  chamber was k e p t)  and o f  th e  v i ­

varium . A f te r  t h i s  m o is tu re  i s  rem oved, th e  r a t e  o f  m o is tu re  u p tak e  

by th e  ex h au st D r i e r i t e  tu b e  sh o u ld  equal th e  r a t e  o f  d i f f u s io n  

th ro u g h  th e  s k in . The same system  re q u ire d  d i f f e r e n t  le n g th s  o f  

tim e  t o  e q u i l ib r a te  f o r  d i f f e r e n t  s p e c ie s .  A lthough a t  i+00 cc/m in  

th e  h a l f  h o u rly  r a t e  o f  m o is tu re  g a in  by th e  D r i e r i t e  was c o n s ta n t 

f o r  Cr. gecko and I_. iguana  ( th a t  i s ,  th e  system  was in  e q u i l ib r iu m ) , 

t h i s  was n o t so f o r :  T. n ig ro p u n c ta tu s , L. l e p i d a , D. d o r s a l i s , and

C. c o n s t r i c t o r . A lthough th e r e  was a  t r e n d  f o r  r a t  snakes i t  was 

h ig h ly  v a r ia b le .  T h is r e l a t io n s h ip  i s  n o t s i z e  dependent n o r r e l a t ­

ed to  th e  t o t a l  r a t e  o f  CWL. However, g e n e r a l ly ,  th e  group which
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to o k  lo n g e r  t o  e q u i l ib r a te  had low er s u r fa c e  s p e c i f i c  r a t e s  o f  CWL 

(se e  t a b le  37)• H ydrated  k e r a t i n  i s  more perm eable th a n  d eh y d ra ted  

k e r a t in  ( t a b le  7 i and see  S c h e u p le in , 1 9 7 2 ). T h e re fo re , i t  i s  pos­

s i b l e  t h a t  th e  in tegum en ts  o f  th e  an im als  w hich to o k  lo n g e r  t o  e q u i l ­

i b r a t e  were more s e n s i t iv e  to  d e h y d ra tio n  (p o s s ib ly  t h e i r  k e r a t in  

had a  low er solvent-m em brane p a r t i t i o n  c o e f f i c i e n t )  so t h a t  c o n tin u ­

ous exposure to  th e  d e s ic c a t in g  atm osphere caused  a  co n tin u o u s  de­

c re a s e  in  CWL.

C o n s id e ra tio n  o f  v a r io u s  te c h n iq u e s  t o  e s t im a te  th e  m agnitude 

o f  th e  head n o n -in teg u m en ta ry  w a te r  l o s s ,  a l l  in v o lv e d  a tte m p tin g  to  

e s t im a te  head s u r fa c e  a r e a ,  d i f f e r e n t i a l  g r e a s in g ,  o r  o th e r  f u r th e r  

tra u m a tic  t re a tm e n ts  o f  l i v in g  a n im a ls . I t  was d ec id ed  t h a t  no such 

approaches w ere J u s t i f i e d  in  l i g h t  o f  th e  d i f f i c u l t i e s  in h e re n t  in  

in tro d u c in g  f u r th e r  in a d e q u a te ly  c o n t r o l la b le  v a r ia b le s .

The use  o f  a n e s th e t iz e d  an im als  reduced  th e  chance th a t  a  h ead - 

body compartment le a k  would d ev e lo p . M ild ly  a n e s th e t iz e d  an im als 

showed few body movements and g e n e r a l ly ,  hung lim p ly  by t h e i r  n eck s . 

A lthough t h i s  p ro b ab ly  p u t e x t r a  s t r a i n  on th e  n eck , re p ro d u c ib le  

r e s u l t s  were o b ta in e d . The main e f f e c t  o f  an im al a c t i v i t y  was t o  

expose th e  u s u a l ly  covered  h in g e  re g io n s . A lthough th e  h in g e  i s  

p ro b ab ly  as  im perm eable as th e  r e s t  o f  th e  s c a le  (se e  b e lo w ), b e ­

cause  th e  h in g e  i s  co v e red , p o ck e ts  o f  h ig h  h u m id ity  b u i ld  up in  i t .  

In  a  q u ie sc e n t a n im a l, i t s  p a r t i c u l a r  r a t e  o f  CWL would re p re s e n t  

th e  sum o f  CWL from  th e  o u te r  s c a le  s u r f a c e s ,  p lu s  t h a t  from  th e  

h in g e  re g io n s . M o istu re  l o s t  from th e  l a t t e r  would have e v ap o ra te d  

from  a  re g io n  o f  h ig h  h u m id ity . I f  th e  an im al becomes a c t i v e ,  d e s ic ­

c a t in g  a i r  would sc ru b  th e  h in g e  r e g io n s ,  p ro d u c in g  an in c re a s e d  r a t e
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o f  CWL, and upon r e tu r n  to  a  q u ie sc e n t s t a t e ,  CWL would d im in ish  b e ­

low  th e  o r ig i n a l  r e s t i n g  r a t e  a s  hum id ity  b u i ld s  up ag a in  in  th e  

h in g e s .

The c lo a c a  was ta p e d  to  red u ce  th e  p o s s i b i l i t y  t h a t  an anim al 

w ould u r i n a t e ,  and to  f a c i l i t a t e  d e te c t io n  o f  u r in a t io n  (by examin­

in g  th e  ta p e )  s in c e  th e  chamber was opaque. C lo aca l ta p in g  i s  th e r e ­

fo r e  u s e f u l  when m easuring  an an im al o n ly  once p e r  c y c le  o r  p o s s ib ly  

when m easuring  h y d ra te d  an im als  w hich f r e q u e n t ly  •u rin a te . However, 

u s u a l ly  th e  c lo a c a s  o f  an im als  which a re  m easured s e v e ra l  tim es  p e r  

c y c le  sho u ld  no t be ta p e d . The p r o b a b i l i ty  o f  s t r ip p in g  k e r a t in  

when th e  ta p e  i s  removed i s  g r e a te r  th a n  th e  p o s s i b i l i t y  o f  a  sm all 

amount o f  u r in a t io n  go ing  u n d e te c te d .

C. THE EXPRESSION OF CUTANEOUS WATER LOSS

S ince  th e  amount o f  w a te r l o s t  from an an im al in c re a s e s  w ith  

t im e , i t  i s  obv ious t h a t  CWL m ust be ex p re ssed  as  a  fu n c tio n  o f  

t im e . However, d e c id in g  w hether CWL shou ld  a ls o  be e x p re ssed  as a 

fu n c t io n  o f  w eigh t ( th a t  i s ,  m g/gm /hr) o r  o f  B urface a re a  (mg/cm2/h r )  

r a i s e s  s e v e ra l  q u e s t io n s . When an a n im a l 's  w eigh t ch an g es , does i t s  

s u r fa c e  a re a  a ls o  change? I f  th e  s u r fa c e  a re a  o f  a  s c a le d  an im al 

does in c r e a s e ,  i s  t h i s  accom plished  by an u n fo ld in g  o f  th e  h in g e  r e ­

g io n s  o r  by a  s t r e tc h in g  o f  th e  in tegum ent?  Are sm all changes in  

s u r fa c e  a re a  a s s o c ia te d  w ith  d e te c ta b le  changes in  CWL? Does CWL 

ex p re ssed  on th e  b a s is  o f  w eigh t o r  s u r fa c e  a re a  have any m eaning, 

i f  CWL does n o t in c re a s e  l i n e a r l y  w ith  w eigh t o r  s u r fa c e  a rea?

Some in s ig h t  i n to  th e s e  q u e s tio n s  can be  g a in ed  by  exam ining 

th e  d a ta  on th e  r e l a t io n s h ip  betw een body w eigh t and CWL (p . 6 2 ) .
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Each o f  e ig h t  to k ay s  was m easured a t  th e  same tim e  o f  th e  shedd ing  

c y c le  f o r  s e v e ra l  m onths. In  some c a se s  d u rin g  t h i s  p e r io d  th e  a n i­

m als g a in ed  w e ig h t, o th e r s  l o s t  w e ig h t, and in  s t i l l  o th e r s  w eigh t 

f lu c tu a te d  w ith  no c l e a r  o v e r a l l  t r e n d .  None o f  th e  in d iv id u a l  r e ­

g re s s io n s  o f  to d y  w eigh t and CWL w ere s ig n i f i c a n t  ( th a t  i s ,  th e r e  was 

no s ig n i f i c a n t  r e l a t io n s h ip  betw een an a n im a l 's  r a t e  o f  CWL and i t s  

w eigh t d u rin g  t h a t  m easurem ent). I f  s h o r t  te rm  w eig h t changes in  

to k a y s  were accom panied by s u r fa c e  a re a  changes a  c o n s is te n t  d i f f e r ­

ence in  CWL co u ld  n o t be d e te c te d .  The r e g r e s s io n  c o e f f i c i e n t  f o r  

mean in d iv id u a l  body w eigh t and mean in d iv id u a l  CWL was s i g n i f i c a n t ­

l y  d i f f e r e n t  from 0 (se e  p . 6 2 ) .  T h is in d ic a te s  t h a t  CWL aB a  func­

t i o n  o f  w eigh t o r  s u r fa c e  a re a  i s  m ean ing fu l when mean v a lu e s  from 

d i f f e r e n t  an im als  a re  com pared, b u t n o t when two m easurem ents on a 

s in g le  an im a l, o r  one measurem ent on each  o f  two an im als  a re  com­

p a re d . For to k a y s  th e  group r e g re s s io n  c o e f f i c i e n t  (0 .7 0 7 ) was s ig ­

n i f i c a n t l y  d i f f e r e n t  from  1 . 0 , a lth o u g h  n o t s i g n i f i c a n t l y  d i f f e r e n t  

from  O.67  ( th e  a cc e p ted  s u r fa c e  a re a  t o  w eigh t r e g re s s io n  c o e f f i ­

c i e n t ) .  Thus th e  r a t e  o f  CWL f o r  to k a y s  co u ld  be compared on th e  

b a s i s  o f  s u r fa c e  a re a  s in c e  th e  r e l a t i o n s h ip  betw een s u r fa c e  a re a  

and CWL i s  l i n e a r .

G e n e ra lly , CWL d e c rea se d  a f t e r  s t r e t c h i n g  ( ta b le  2 9 ) . I f  in ­

tegum en tary  d is te n s io n  caused  k e r a t i n  to  s t r e t c h ,  th e  th ic k n e s s  o f  

th e  b a r r i e r  would d e c re a s e , and an in c re a s e  in  CWL p e r  u n i t  s u r fa c e  

a re a  would r e s u l t .  I f  how ever, in teg u m en ta ry  d is te n s io n  u n fo ld s  th e  

h in g e  r e g io n s ,  th e n  th e r e  i s  more in tegum ent (o u te r  s c a le  s u r fa c e s  

p lu s  h in g e s)  under th e  cap su le  b e fo re  d is te n s io n  th a n  a f t e r .  Column 

5 in  t a b l e  29 g iv e s  th e  e x tr a p o la te d  r a t e  o f  CWL f o r  th e  e n t i r e
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s t r e tc h e d  re g io n  as a  f r a c t io n  o f  i t s  o r ig i n a l  r a t e .  Hote t h a t  in  

r a t  snakes a  sm all amount o f  d is te n s io n  (1.1+-1.5 X) does n o t cause  

th e  t o t a l  r a t e  o f  w a te r  lo s s  t o  change from  i t s  o r ig i n a l  l e v e l  

(0 .8 U -1 .0 9 ) . G re a te r  d is te n s io n  (2 .7 - 3 .6  X) r e s u l t e d  in  a  g r e a te r  

t o t a l  r a t e  o f  CWL (1 .7 9  and 3-67 tim es  i t s  o r ig i n a l  r a t e ) .  The sk in  

from  a  s in g le  to k ay  was d is te n d e d  o n ly  m o d era te ly  (com pared to  

E lap h e ) ,  h u t s in c e  to k a y  sk in  i s  l e s s  e l a s t i c ,  a  h ig h  r a t e  o f  t o t a l  

w a te r  lo s s  (1.1+7 X) would he e x p ec te d . Hence t h i s  i s  a d d i t io n a l  

ev id en ce  th a t  th e  sm all amount o f  d is te n s io n  th a t  m ight o ccu r d u rin g  

d a i ly  w eigh t f lu c tu a t io n s  would have no d e te c ta b le  e f f e c t  on CWL.

The r e g re s s io n  c o e f f i c i e n t  f o r  CWL and hody w eigh t f o r  r a t  

snakes (0 .2 1 1 ) i s  n o t s i g n i f i c a n t l y  d i f f e r e n t  from  0 o r  0 .6 7 . S ince 

each  o f th e  tw e lv e  d a ta  p o in ts  u sed  f o r  t h i s  r e g re s s io n  were s in g le  

o h s e r v a t io n s ,  i t  i s  p o s s ib le  t h a t  many in d iv id u a l  p o in ts  w ere n o t 

r e p r e s e n ta t iv e  o f  th e  a n im a l 's  mean r a t e  o f  CWL and mean hody w e ig h t. 

T h is  s i t u a t io n  i s  re m in is c e n t o f  th e  r e l a t i o n s h ip  betw een body 

w eigh t and CWL fo r  in d iv id u a l  to k a y s .

The re g re s s io n  c o e f f i c i e n t  r e l a t i n g  CWL to  w e ig h t fo r  I_. iguana  

(0 .8 9 3 ) i s  s i g n i f i c a n t ly  d i f f e r e n t  from 0 . 6 7 . T h is cou ld  mean t h a t  

a s  igu an as in c re a s e  in  s iz e  t h e i r  s u r fa c e  a re a  changes w ith  th e  0 .893 

power o f  body w eigh t o r  t h a t  th e  r a t e  o f  CWL p e r  u n i t  s u r fa c e  a re a  

in c r e a s e s .  A lthough each o f  th e  te n  d a ta  p o in ts  u sed  f o r  t h i s  curve 

r e p re s e n ts  a  mean o f  s e v e ra l  m easurem ents f o r  an in d iv id u a l  a n im a l, 

th e y  were u s u a l ly  o b ta in e d  o v er a  one to  two week p e r io d  r a t h e r  th a n  

o v e r s e v e ra l  m onths. Hence, i t  i s  p o s s ib le  t h a t  th e  ig u an a  cu rve  i s  

n o t as r e l i a b l e  a s  th e  to k ay  cu rv e .

In  c o n c lu s io n , when com paring w hole an im al com partm ent v a lu e s



ta k e n  on th e  same an im al s e v e ra l  w eeks, o r  even months a p a r t ,  th e r e  

i s  n o th in g  t o  be g a in e d , w ith  re g a rd  t o  re d u c in g  v a r i a b i l i t y ,  by ex­

p re s s in g  th e  a b so lu te  v a lu e  on th e  b a s i s  o f  w eigh t o r  su r fa c e  a r e a .  

For t h i s  re a so n  ev ery  e f f o r t  was made in  t h i s  s tu d y  t o  u se  in d iv id u a l  

com parisons r a th e r  th a n  group com parisons. When com paring in t r a s p e ­

c i f i c  r a t e s  o f  w a te r l o s s ,  s u r fa c e  a re a  o r  w eigh t can be u sed  i f  th e  

r e g re s s io n  c o e f f i c i e n t  r e l a t i n g  CWL to  w eigh t i s  c lo s e  to  0 .67  o r  

1 .0 ,  r e s p e c t iv e ly .  When com paring in t e r s p e c i f i c  r a t e s  o f  CWL, a l l  

s p e c ie s  must be shown to  obey th e  same r e l a t io n s h ip  betw een CWL and 

w eigh t o r  su r fa c e  a r e a .  I f  such a  r e l a t io n s h ip  has n o t been  r i g o r ­

o u s ly  e s ta b l i s h e d ,  o n ly  th e  b ro a d e s t g e n e r a l iz a t io n s  can be made 

when com paring an im als o f  d i f f e r e n t  s i z e .  I f  i n t e r s p e c i f i c  s tu d ie s  

must be  made, i t  i s  b e s t  to  compare c a p su le  v a lu e s .

D. COMPARISOH OF CHAMBER AMD CAPSULE DETERMINATIONS OF CWL

T able  37 p re s e n ts  a  com parison o f  c ap su le  and chamber v a lu e s  o f  

CWL f o r  some o f  th e  an im als  u sed  in  t h i s  s tu d y . The chamber v a lu e s  

o f  CWL a re  e x p re ssed  b o th  as  a  fu n c tio n  o f  w eigh t (m g/gm /hr) and o f  

s u r fa c e  a re a  (mg/cmz/ h r ) ,  t o  a llo w  a  g e n e ra l  com parison to  th e  l i t ­

e r a tu r e  v a lu e s  (se e  t a b l e  l ) .  The r e l a t io n s h ip  betw een w eigh t and 

su r fa c e  a re a  was de term in ed  by u s in g  a  r e g re s s io n  c o e f f i c i e n t  o f

0 . 6 7 ; w ith  a  c o n s ta n t o f  10 f o r  th e  l i z a r d s  and th e  caim an, and 12 .5  

f o r  sn ak es . The mean w eigh t used  f o r  G. gecko , I_. ig u a n a , and E. o_. 

q u a d r iv i t t a t a  i s  th e  mean w eigh t o f  th e  an im als u sed  to  c a lc u la te  

t h e i r  s p e c i f ic  r e g r e s s io n s .

Whole body w eigh t was u sed  t o  d e term ine  body compartment w e ig h t-  

s p e c i f i c  w a te r  l o s s .  C a lc u la te d  whole body s u r fa c e  a re a  was s im i la r -



Table 37. The rate of CWL f o r animals used in this study - comparison of the ill vivo
and iii  v i t r o  te c h n iq u e s .

CAPSULE CHAMBER

CWL Mean CWL CWL - C apsule (mg/cm2/h r )

S p ec ies N (mg/cm2/h r ) C o n d itio n N W eight (mg/gm/hr) (mg/cm2/h r ) Chamber (mg/cm2/h r )

D ipsosaurus 3 0 .36 in  v iv o 16 1*3.0 0 .16 0 .058 6 .2

L a c e r ta 6 0 .26 in  v ivo 53 89 . I 0 .29 0.126 2 .1

Iguana a 287.7 0 .816 0 .529
Tupinambis 7 0 .5 7 in  v ivo b 2000 0.11*1 0.173 3.29

Gekko 15 0.176 in  v ivo a 52.1* 0.631 0.233 0 .73

Elaphe 8 0.50 in  v i t r o a 273.3 0 .1 1 1 0.056 8 .93

C o n s tr ic to r 6 0 .27 in  v ivo 19 11*65 0 .098 0 .087 3 .10

Geochelone 1 0 .57 in  v iv o

Pseudemys 3 U.88 in  v i t r o

Caiman fi 1.1*7 in  v iv o 1 361 1 .197 0 .83 1 .77

Rana 1 10. 1*7 in  v iv o

a .  From re g re s s io n
b . A low v a lu e

IT
S'
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l y  used  t o  d e term ine  s u r f a c e - s p e c i f ic  body compartment w a te r  l o s s .  

T h e re fo re , in  b o th  c a se s  r e a l  body CWL was u n d e re s tim a te d . CWL cou ld  

b e  ex p ressed  on th e  b a s is  o f  w eigh t o r  s u r fa c e  a re a  w ith in  th e  body 

com partm ent. However, t h i s  would in v o lv e  e s t im a tin g  head  w eigh t o r  

s u r fa c e  a re a  and s u b tr a c t in g  th e s e  v a lu e s  from whole an im al v a lu e s . 

Such a  c o r r e c t io n  would c e r t a in l y  be d i f f e r e n t  f o r  an im als w ith  r e l a ­

t i v e l y  la r g e  heads ( to k a y s )  and r e l a t i v e l y  sm a ll heads ( d e s e r t  ig u a ­

nas o r  sn a k e s ) . I t  was f e l t  t h a t  such a d d i t io n a l  e s t im a tio n s  would 

n o t s im p lify  a  l i t e r a t u r e  com parison.

The a q u a tic  r e p t i l e s  had h ig h  r a t e s  o f  CWL. G e n e ra lly , c a p su le  

m easurem ents r e s u l t e d  in  h ig h e r  a r e a - s p e c i f ic  r a t e s  o f  CWL th a n  cham­

b e r  m easurem ents. T h is  can be e x p la in e d  on th e  b a s i s  o f  th e  h ig h e r  

s u r f a c e - s p e c i f ic  flow  o f  d e s ic c a t in g  a i r  f o r  th e  c a p su le  m easure­

m en ts , which would scrub  more o f  th e  h in g e  re g io n . The v a r i a t io n  in  

th e  r a t i o  o f  c ap su le  to  chamber d e te rm in a tio n s  o f  s u r f a c e - s p e c i f ic  

CWL would be r e l a t e d  to  complex in te r a c t io n s  betw een: th e  r e a l  s u r ­

fa c e  t o  w eigh t r e l a t i o n s h i p ,  th e  deg ree  o f  s c a le  o v e r la p ,  th e  a n i­

m a l 's  a c t i v i t y  d u rin g  th e  m easurem ent, and to  p o s i t io n a l  e f f e c t s .

Of th e s e  p o s s i b i l i t i e s  th e  l a t t e r  i s  p ro b ab ly  th e  most im p o rtan t 

(Cohen, 1975; K rak au er, 1970; S p o t i la  and Berman, 1976).

The low r a t e  o f  CWL f o r  T. n ig ro p u n c ta tu s  as de term in ed  by  th e  

chamber method i s  p ro b a b ly  m is le a d in g , s in c e  t h i s  s p e c ie s  waB to o  

la r g e  fo r  th e  cham ber. The low r a t e  o f  CWL f o r  m esic snakes m ight 

r e f l e c t  th e  f a c t  t h a t  v e ry  l i t t l e  o f  t h e i r  body was exposed perp en ­

d i c u la r ly  to  th e  a i r  flow .

SECTION I I .  THE SQUAMATE SHEDDING CYCLE AND PATTERNS OF CWL
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A . GENERAL RELATIONSHIP

In  s p i t e  o f  numerous anomalous o b s e rv a tio n s  a  g e n e ra l  r e l a t i o n ­

sh ip  ap p ea rs  to  e x i s t  betw een p a t te r n s  o f  CWL and th e  v a r io u s  s ta g e s  

o f  th e  squam ate shedd ing  c y c le .  W hile t h i s  g e n e ra l  r e l a t io n s h ip  r e ­

f l e c t s  more c l e a r ly  th e  s i t u a t i o n  f o r  th o s e  s p e c ie s  w here th e  d a ta  

a re  most co m p le te , most a sp e c ts  o f  th e  g e n e ra l  p a t t e r n  w ere confirm ed  

f o r  a l l  s p e c ie s  s tu d ie d ,  and no co m p ellin g  c o n tra ry  d a ta  w ere ob­

ta in e d .  The g e n e ra l  p a t te r n  w i l l  f i r s t  be  p re s e n te d  and anomalous 

d a ta  w i l l  be  d is c u s s e d  fo r  each  s p e c ie s .

G e n e ra lly , th e  r a t e  o f  CWL i s  h ig h  a f t e r  sh ed d in g , th e n  de­

c re a s e s  as  th e  ep id erm is  e n te r s  th e  p e r f e c t  r e s t i n g  c o n d it io n ,  r e ­

m ains c o n s ta n t w h ile  th e  ep id erm is  i s  in  t h i s  c o n d i t io n ,  b u t in ­

c re a s e s  d u rin g  th e  renew al phase and i s  h ig h  d u rin g  sh ed d in g . These 

p h y s io lo g ic a l  changes may be c o r r e la te d  w ith  changes in  th e  a lp h a  

la y e r  which i s  th o u g h t to  be th e  main p e rm e a b il i ty  b a r r i e r .  Follow ­

in g  shedd ing  th e  a lp h a  la y e r  th ic k e n s  and cau ses  CWL to  d e c re a se . 

D uring th e  p e r f e c t  r e s t i n g  phase th e  a lp h a  la y e r  i s  u s u a l ly  s t a b l e ,  

a s  i s  CWL. Sometime d u rin g  th e  renew al p h a se , th e  b a r r i e r  b e g in s  to  

d e t e r io r a t e  and CWL in c r e a s e s .  The e x ac t tim e  when t h i s  p ro c e ss  o f  

d e t e r io r a t io n  b e g in s  i s  n o t known f o r  any o f  th e  an im als  s tu d ie d ,  a l ­

though  i t  c e r t a in l y  v a r ie s  i n t e r s p e c i f i c a l l y , and p o s s ib ly  in t r a s p e -  

c i f i c a l l y .  The r a t e  o f  CWL b e g in s  t o  d e c re a se  a s  a  new a lp h a  la y e r  

m a tu re s .

The te rm s used  t o  d e s c r ib e  th e  shedd ing  c y c le  in  t h i s  t h e s i s  

a re  based  on h i s to lo g ic a l  c r i t e r i a  r a th e r  th a n  th e  g ro ss  appearance  

o f  th e  an im al. I t  i s  common knowledge t h a t  snakes go th ro u g h  p e r io d s  

o f  " g lo s sy  s k in " ,  "c loudy  e y e " , " c l e a r  e y e " , and sh ed d in g , in  each
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c y c le ,  and th e s e  g ro ss  changes may be c o r r e l a t e d  v i t h  th e  p o s t- s h e d ­

d in g  p h a se , mid re n e w a l, l a t e  re n e w a l, and shedd ing  h i s to lo g y ,  r e ­

s p e c t iv e ly .  However, a c r i t i c a l  m o rp h o lo g ica l o b se rv a tio n  in  t h i s  

t h e s i s  i s  t h a t  th e  g ro ss  changes a re  o f te n  v a r ia b le  w ith  r e s p e c t  to  

th e  p r e c is e  h i s to lo g ic a l  c o n d i t io n s ,  a lth o u g h  most o f  th e  h i s t o l o g i ­

c a l  s ta g e s  show v e ry  l i t t l e  v a r i a b i l i t y  w ith  r e s p e c t  to  a c tu a l  shed­

d in g  (s e e  a ls o  M aderson, 1966 ; M aderson, C hiu , and P h i l l i p s ,  1970b). 

However, even th e  shedd ing  ev en t i t s e l f  does n o t alw ays co rre sp o n d  

to  a  s in g le  d e f in e d  h i s to lo g ic a l  c o n d i t io n ,  s in c e  in  s t r e s s e d  a n i­

m a ls , an im als  in  poor h e a l th ,  f re q u e n t s h e d d e rs , and som etim es in  

a p p a re n tly  norm al a n im a ls , Bhedding w i l l  occu r l a t e  w ith  r e s p e c t  to  

th e  h i s t o l o g i c a l  m a tu ra tio n  o f  th e  in n e r  g e n e r a t io n .  T hus, a lth o u g h  

th e r e  have been  s e v e ra l  r e c e n t  s tu d ie s  on some a sp e c t o f  cu taneous 

p h y s io lo g y  w ith  r e s p e c t  to  th e  shedd ing  c y c le ,  none re c o rd ed  p re c is e  

h i s t o l o g i c a l  o b s e r v a t io n s ,  and th e r e f o r e  p e rm it o n ly  th e  m ost g e n e ra l 

c o n c lu s io n s .

The p a t t e r n  o u t l in e d  above w i l l  n ex t be examined f o r  each  squa­

m ate s p e c ie s  s tu d ie d ,  and an a tte m p t w i l l  b e  made to  r e s o lv e  ap p ar­

e n t ly  anomalous d a ta .

B . SPECIES RELATIONSHIPS

1. Gekko gecko

The enum erated E x cep tio n s  t o  th e  g e n e ra l  p a t t e r n  d e ta i l e d  

on pages 93 t o  9^» “ ay "be grouped in to  s e v e ra l  c a te g o r ie s  f o r  d i s ­

c u s s io n .

Many E x cep tio n s  (# s : 1 ,  5 , 6 ,  7 , 1 2 , 1 3 , and lM  d id  n o t

show a  d e c re a se  betw een th e  e a r ly  p o s t-s h e d  r e s t i n g  c o n d it io n  (0p-2p)
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and a  l a t e r  s ta g e  in  th e  c y c le . T h is may r e s u l t  from e i t h e r  a  p re ­

co c io u s  o r  r a p id  developm ent o f  th e  a lp h a  l a y e r ,  o r  l e s s  p ro b a b ly  to  

a  p re c o c io u s  in c re a s e  in  CWL d u rin g  th e  e a r ly  re n e v a l p h ase . T his 

s i t u a t i o n  o c cu rred  most f r e q u e n t ly  in  an im als w ith  Bhort c y c le s  

(mean c y c le  le n g th ,  17*2 d a y s) .

O ther E x cep tio n s  (# s :  2 ,  H, 8 , 15* l 6 , and 18) showed a

c o n tin u in g  d e c re a se  from  th e  p o s t- s h e d  c o n d it io n  t o  th e  n ex t m easure­

m ent. T h is  was p ro b a b ly  due t o  a  r e ta r d e d  a lp h a  k e r a t i n i z a t i o n  p ro ­

c e s s  l a s t i n g  s e v e ra l  days a f t e r  sh ed d in g . T h is o c cu rred  most f r e ­

q u e n tly  in  an im als  w ith  lo n g  c y c le s  (mean c y c le  le n g th ,  20 .8  d a y s ) .

S e v e ra l o th e r  E xcep tio n s  ( # s : 3 , 9* 1 1 , and 17) showed a

d e c re a se  l a t e  in  th e  c y c le :  th e s e  w ere u s u a l ly  o f  sm all m agn itude .

T h is  may r e s u l t  from  m inor d i f f e r e n c e s  in  c lo a c a l  ta p in g  o r  v a r ia ­

t i o n  in  th e  amount o f  neck p u t in to  th e  head com partm ent.

E x cep tio n  #10 showed a  d e c re a se  betw een e a r ly  s ta g e  5 and 

s ta g e  6 . T h is  may be due to  a p re c o c io u s  developm ent o f  th e  a lp h a  

la y e r  p r io r  t o  sh edd ing .

D ata  from  an im als  m easured once p e r  c y c le  ( t a b le  19) sug­

g e s t  t h a t  CWL does n o t in c re a s e  d u rin g  th e  e a r ly  renew al p h ase . 

However, f iv e  o f  th e s e  an im als  w ere l a t e r  m easured s e v e ra l  tim e s  p e r  

c y c le  and in  g e n e ra l  d id  show an in c re a s e  d u rin g  t h i s  p e r io d . To 

e x p la in  t h i s  p a rad o x , th e  r a t i o n a l e  f o r  each  o f  th e s e  ex p erim en ts  

must be u n d e rs to o d . The advan tage  o f  m easuring  an im als  o n ly  once 

p e r  c y c le  i s  t h a t  th e  v a lu e  o b ta in e d  i s  f r e e  from  c o n s id e ra t io n  o f  

any p re v io u s  trau m a . I t  m ight seem p o s s ib le  t h a t  d u rin g  an a n im a l 's  

s ta y  in  th e  cham ber, k e r a t in  would be rubbed o f f  a t  th e  p o in t  where 

i t s  neck c o n ta c ts  th e  neoprene membrane. The a re a s  w ith o u t a  k e ra -
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t in a c e o u s  co v erin g  would lo s e  w a te r  a t  a  f a s t e r  r a t e ,  th u s  cau s in g  

in c re a s e d  CWL th e  n ex t tim e  th e  an im al i s  m easured . T h is  p o s s i b i l i t y  

i s  u n l ik e ly  s in c e  u n a n e s th e tiz e d  an im als  w ere m easured f o r  lo n g  p e r i ­

ods and th e y  d id  n o t show any ten d en cy  f o r  CWL to  in c re a s e  w ith  

tim e  ( f ig u r e  ? )•

C e r ta in  d a ta  in d ic a te  t h a t  low er r a t e s  o f  CWL were found 

in  an im als  whose c lo a c a s  were n o t ta p e d  (p . Uo), and such an im als 

seem t o  have v ery  l i t t l e  in c re a s e  in  CWL d u rin g  th e  renew al phase 

(Tokay R, second c y c le ,  f ig u r e  27)- However, some ta p e d  an im als  

(Tokay P , second c y c le ,  f ig u r e  26 , and Tokay Y, f i r s t  c y c le ,  f ig u r e  

29) h e ld  in  th e  same ty p e  o f  d e s ic c a t in g  environm ent as  Tokay R, 

a ls o  showed o n ly  a sm all in c re a s e  in  CWL d u rin g  th e  renew al p h ase . 

Thus n o t o n ly  was CWL d im in ish ed  in  d e s ic c a t in g  c o n d i t io n s ,  b u t a ls o  

th e  p a t t e r n  o f  change was m in im ized .

O ften  when ta p e  was removed from  th e  c lo a c a  some o f  th e  un­

d e r ly in g  k e r a t in  (b e ta  la y e r )  was removed w ith  i t .  T h is s t r ip p in g  

a f f e c te d  th e  corneous b a r r i e r ,  and th u s  i n i t i a t e d  a  c e l l u l a r  h y p e r­

p l a s t i c  re sp o n se  to  r e s to r e  th e  damaged b a r r i e r  (pp . 173- 18U, and 

see  b e lo w ). For th e  n e x t s e r i e s  o f  m easurem ents, th e  c lo a c a  must 

a g a in  be ta p e d . I f  on t h i s  o c ca s io n  th e  ta p e  does n o t e x a c t ly  cover 

th e  s t r ip p e d  re g io n , an a r t i f i c i a l l y  h ig h  r a t e  o f  CWL would be r e ­

co rd ed . A lso , s in c e  s e v e ra l  days w ere a llo w ed  betw een m easurem ents, 

v a r i a t io n s  in  th e  r a t e  o f  th e  b a r r i e r  r e g e n e ra t io n  m ight a f f e c t  t h i s  

a r t i f a c t u a l  r a t e  o f  CWL. The e f f e c t  o f  c lo a c a l  s t r ip p in g  co u ld  n o t 

be to o  la r g e  how ever, s in c e  i t  d id  n o t ob scu re  th e  d e c re a se  in  CWL 

fo llo w in g  shedd ing  in  n o n -ta p e d  an im als  ( f o r  exam ple, Tokay R, s e c ­

ond c y c le ,  f ig u r e  2 7 ) . However, th e  p o s s i b i l i t y  e x i s t s  t h a t  th e  in ­
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c re a s e  observed  d u rin g  th e  renew al phase in  to k a y s  m ight be due to  

th e  e f f e c t s  o f  s t r ip p in g  r a th e r  th a n  to  th e  renew al p ro c e ss  i t s e l f .  

T h is  h y p o th e s is  can be t e s t e d .

I f  th e  ta p in g  and re g e n e ra t io n  h y p o th e s is  i s  c o r r e c t ,  th e  

c lo s e r  to g e th e r  a  p a i r  o f  m easurem ents a r e  ta k e n  w ith in  a  c y c le  (be­

tw een s ta g e s  pR and 1*0 , th e  g r e a te r  sh o u ld  th e  second v a lu e  b e ,  r e l ­

a t i v e  to  th e  f i r s t .  I f  th e  in c re a s e  in  CWL d u rin g  th e  renew al phase 

i s  due to  th e  renew al p ro c e ss  i t s e l f ,  one would p r e d ic t  th e  r e v e r s e ;  

s in c e  th e  f a r th e r  a p a r t  a  p a i r  o f  m easurem ents i s ,  th e  more advanced 

th e  second measurement w i l l  be  in  th e  renew al p h ase .

T ab le  38 g iv e s  th e  r a t i o  o f  th e  second measurem ent to  th e  

f i r s t ,  a cc o rd in g  to  th e  number o f  days betw een th e  m easurem ents, and 

th e  ep id erm al s ta g e  a t  th e  tim e o f  th e  f i r s t  m easurem ent. Based on 

th e  w e ig h ted  av erag e  th e r e  does n o t seem t o  be any t r e n d ,  a lth o u g h  

th e  s m a lle s t  in c re a s e  o ccu rred  when on ly  one day s e p a ra te d  th e  two 

m easurem ents. When 8 to  10 days s e p a ra te d  th e  two m easurem ents, th e  

second was 55$ g r e a te r  th a n  th e  f i r s t  (n = 3 ) .  The ev idence  in  a s ­

s o c ia t io n  w ith  th e  e f f e c t s  o f  c lo a c a l  ta p in g  on snake w a te r  lo s s  

(s e e  below ) a ls o  in d ic a te  t h a t  th e  ta p in g  re g e n e ra t io n  h y p o th e s is  

canno t e x p la in  th e  b u lk  o f  th e  ev id en ce  t h a t  CWL in c re a s e s  d u rin g  

th e  renew al p h ase .

A lthough neck a b ra s io n  a n d /o r  c lo a c a l  ta p in g  may a f f e c t  th e  

r a t e  o f  CWL, i t  i s  n e c e s sa ry  to  p ro v id e  a  d i f f e r e n t  re a so n  t o  ex­

p la in  most o f  th e  d a ta  co n ce rn in g  th e  renew al p h a se . Many a tte m p ts  

w ere made t o  m easure to k ay s  th ro u g h o u t a  c y c le  w ith o u t ta p in g  th e  

c lo a c a ,  b u t o n ly  one was s u c c e s s fu l .  In  a l l  o th e r  c a se s  th e  anim al 

alw ays managed t o  u r in a te  d u rin g  th e  ru n s  w hether l i g h t l y  a n e s th e -



T ab le  38. R a tio  o f  p a ire d  m easurem ents o f  CWL acco rd in g  to  days betw een m easurem ents 

and th e  s ta g e  a t  th e  tim e  o f  th e  f i r s t  m easurem ent.

I n i t i a l

ep id erm al DAYS BETWEEN MEASUREMENTS

s ta g e  1 2 3 U 5 ^ 7

pR 1.0U (2 )a  1 .3 1  (2) 1 .1 8  (U) 1 .05  (U) 1-53 ( l )  -  1 .2 5  (6 )

1R -  1 .1 1  (1 ) -

2 -  1 .1 2  (1 ) 1 .0 6  ( 2 ) 1 . 0U (3) -  -  1 .0 5  ( 2 )

e3 1 .0 7  (1) 1 .0 8  (3) 1 .39  (*0 1-26  (3 ) l . lU  ( l )  -  1-22  (U)

m3 -  1.3U (1 ) 0 .87  ( l )  -  l . lU  ( l )

13 -  1 .2 7  ( l )  1-21 (2) 1 .35  (1 ) -

ek -  1 .1 8  (3 ) 1.0U (1) 1 .1 1  (1 ) 1 .2 7  (1)

mU -  1 .2 3  (U) -

w e ig h ted
av erag e  1 .0 5  1 .1 9  1-20  1 .1 3  1 .2 7  -  1 .2 1

a . Sample s iz e
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t i z e d  o r  n o t.

I f  an im als  a re  m easured o n ly  once p e r  c y c le ,  th e  t r e n d  f o r  

CWL m ust he re c o n s tru c te d  from  in d iv id u a l  c y c le s ,  in  w hich case  i n -  

t e r c y c l i c  v a r i a t io n  would he an im p o rtan t f a c to r .  Thus d u rin g  th e  

co u rse  o f  th e  h a l f  y e a r  t h a t  th e  f i r s t  s e r i e s  o f  m easurem ents (once 

p e r  c y c le )  were in  p ro g re s s ,  anim al w eigh t and am bient hum id ity  

changed. The c o e f f i c i e n t  o f  v a r i a t i o n ,  c o n s id e r in g  o n ly  m easurem ents 

ta k e n  fo u r  days a f t e r  sh ed d in g , was o f te n  25$ ( t a b l e  1 9 ) .  I f  th e  

d a ta  f o r  th e s e  m easurem ents a re  e x p re ssed  in  te rm s o f  s u r fa c e  a r e a ,  

th e r e  i s  as  much in te r c y c l i c  v a r i a t io n  as  i n t r a s p e c i f i c  v a r i a t i o n ,  

a g a in  in d ic a t in g  th e  he te ro g en eo u s n a tu re  o f  th e s e  d a ta .  H is to lo g i­

c a l  exam in atio n  o f  b io p s ie s  from th e  e ig h t  an im als f a i l e d  t o  r e v e a l  

c o n s is te n t  q u a n t i t a t iv e  d if f e r e n c e s  in  th e  corneous t i s s u e s ,  t h e r e ­

fo re  su g g e s tin g  th a t  th e  d i f f e r e n c e s  in  CWL were due to  q u a l i t a t i v e  

d i f f e r e n c e s  in  th e  h a r r i e r .

I f  CWL a c t u a l l y  i n c r e a s e s  d u r i n g  t h e  r e n e w a l  p h a s e ,  a n d  t h e  

lo w  v a l u e s  o f  CWL o b t a i n e d  d u r i n g  t h e  r e n e w a l  p h a s e  f ro m  a n im a l s  

m e a s u r e d  o n c e  p e r  c y c l e  a r e  f o r t u i t o u s ,  o n e  w o u ld  n o t  p r e d i c t  t h a t  

a l l  m e a s u re m e n ts  t a k e n  d u r i n g  t h e  e a r l y  a n d  m id  r e n e w a l  p h a s e s  w o u ld  

h e  v e r y  c l o s e  t o  t h e  m ean o f  t h e  f o u r  d a y  p o s t - s h e d  v a l u e .  A l s o ,  

t h e s e  r e s u l t s  a r e  n o t  i n  a c c o r d  w i t h  a  n u l l  h y p o t h e s i s  t h a t  t h e r e  i s  

n o  t e n d e n c y  f o r  CWL t o  c h a n g e  f ro m  f o u r  d a y s  p o s t - s h e d  t o  a  l a t e r  

s t a g e  i n  t h e  r e n e w a l  p h a s e  (13 d e c r e a s e s ,  3 i n c r e a s e s ;  P = 0 .0 2 5 ) . 

A n o th e r  p o s s i h i l t y  i s  t h a t  a t  f o u r  d a y s  p o s t - s h e d  t h e  r a t e  o f  CWL 

h a d  n o t  r e a c h e d  i t s  n a d i r .  H o w e v e r, e v e n  t h i s  e x p l a n a t i o n  i s  u n l i k e ­

l y  s i n c e  u s u a l l y  m e a s u re m e n ts  o f  CWL t a k e n  tw o  d a y s  p o s t - s h e d  h a v e  

a l r e a d y  l e v e l e d  o f f .  A l s o ,  t h e  b i o p s i e s  a c c o m p a n y in g  f o u r  d a y  p o s t -
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shed m easurem ents u s u a l ly  showed o n ly  a  s in g le  la y e r  o f  immature 

su p ra b a sa l c e l l s .

A lthough th e  group com parisons (p . 9*0 co n firm  t h a t  CWL de­

c re a se d  from  shedding  u n t i l  a f t e r  th e  p e r f e c t  r e s t i n g  p h a se , th e re  

was o n ly  an i n s ig n i f i c a n t  in c re a s e  from  th e  p e r f e c t  r e s t i n g  phase  to  

th e  e a r ly  renew al p h ase . S im ila r ly  th e  group c a p su le  d a ta  ( t a b le  26 ) 

d id  n o t a llo w  r e s o lu t io n  o f  th e  r e l a t i o n  betw een CWL and t h i s  p a r t  o f  

th e  shedd ing  c y c le .  However, c a p su le  d a ta  from  in d iv id u a ls  m easured 

th ro u g h o u t th e  c y c le  ( f ig u r e  U7 ) in v a r ia b ly  showed an in c re a s e  

th ro u g h o u t th e  renew al p h a se , a lth o u g h  th e  r a t e  o f  in c re a s e  was q u i te  

v a r i a b le .  U n like  th e  chamber te c h n iq u e , w ith  th e  c a p su le  th e r e  i s  

no re a so n  t o  b e l ie v e  t h a t  th e  measurement p ro c e ss  i t s e l f  h as  a  d e le ­

t e r io u s  e f f e c t  on th e  s k in . These in d iv id u a l  r e s u l t s  showed t h a t  

som etim es CWL was s e v e ra l  fo ld  h ig h e r  in  th e  l a t e  renew al phase  

them d u rin g  th e  r e s t in g  p h ase . I t  i s  i n t e r e s t i n g  t h a t  th e  to k ay  

w hich had  th e  s h a rp e s t  in c re a s e  in  CWL d u rin g  th e  shedd ing  c y c le  as 

m easured w ith  c a p su le s  a ls o  had a  sh arp  in c re a s e  in  th e  r a t e  o f  CWL 

d u rin g  th e  renew al phase when m easured w ith  th e  chamber te c h n iq u e  

( f ig u r e  1 9 ). T h is seem ing co in c id en ce  m ight in d ic a te  t h a t  some a n i­

m als a re  more p rone t o  d ram atic  changes in  CWL d u rin g  th e  renew al 

phase  th a n  o th e r s .

In  summary, th e r e  b e in g  no rea so n  t o  b e l ie v e  t h a t  changes 

in  CWL w hich w ere re c o rd ed  d u rin g  th e  e a r ly  renew al phase  w ere te c h ­

n i c a l  a r t i f a c t s  and s in c e  th e  o n ly  d a ta  w hich do n o t f i t  t h i s  p a t ­

t e r n  a re  th o s e  o b ta in e d  from in d iv id u a l  an im als  m easured on ly  once 

p e r  c y c le  f o r  many c y c le s ,  i t  i s  concluded  t h a t  th e  observed  in c re a s e  

was r e a l .
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2. Other lizards
D ata on CWL th ro u g h o u t th e  shedd ing  c y c le  w ere o b ta in e d  on 

th r e e  o th e r  l i z a r d  s p e c ie s :  Iguana ig u a n a , L a c e r ta  l e p id a , and T u p i-

nambis n ig ro p u n c ta tu s . F or th e s e  an im als  ep id erm al h is to g e n e s is  was 

asynchronous over th e  body , so t h a t  some re g io n s  e n te re d  a g iven  h i s ­

to l o g i c a l  s ta g e  and e v e n tu a lly  shed  b e fo re  o th e r  r e g io n s .  S ince  CWL 

was m easured from  th e  body, th e  b io p s ie s  had to  be  ta k e n  from o th e r  

r e g io n s .  T h e re fo re , an e s t im a te  o f  th e  asynchrony  betw een th e  b io p sy  

re g io n , and t h a t  o f  th e  body, had to  be made in  o rd e r  t o  p e rm it any 

g e n e r a l iz a t io n s  about CWL d u rin g  th e  shedd ing  c y c le .

Iguanas and l a c e r t a s  had lo n g e r  c y c le s  th a n  to k ay s  and t h e i r  

in n e r  a lp h a  la y e r s  began m atu rin g  b e fo re  th e y  shed . T h e re fo re , CWL 

d u rin g  th e  l a t e  renew al phase  and shedd ing  would n o t be  ex p ec ted  to  

be  v e ry  h ig h  b ecause  o f  p re c o c io u s  developm ent o f  th e  new b a r r i e r  

(s e e  be low ). A lso , CWL would n o t be ex p ec ted  to  d e c rea se  much a f t e r  

sh ed d in g , s in c e  th e s e  an im als e n te re d  th e  p e r f e c t  r e s t i n g  c o n d itio n  

a lm ost immediately a f t e r  sh ed d in g . The s i t u a t i o n  f o r  th e  te g u  i s  

more co m p lica ted  m ain ly  b ecau se  o f  th e  p a u c ity  o f  renew al phase  and 

shed  b io p sy  m a te r ia l ,  th e  chromophobic n a tu re  o f  a l l  k e r a t in iz e d  

l a y e r s ,  and th e  ex ag g e ra ted  th ic k n e s s  o f  th e  mesos l a y e r .  G e n e ra lly , 

th e  mesos l a y e r  i s  n o t c o n s id e re d  as an im p o rtan t b a r r i e r  b ecau se  o f  

i t s  th in n e s s  (s e e  b e lo w ), how ever, w ith  th e  b la c k  te g u  i t  m ight be 

im p o r ta n t .

A lthough th e  igu an a  d a ta  seem to  fo llo w  th e  g e n e ra l  p a t ­

t e r n ,  s t a t i s t i c a l  a n a ly s is  would n o t be m ean ing fu l becau se  o f  th e  

sm a ll sam ple s i z e .  The r e l a t i o n s h ip  i s  n o t c l e a r  w ith  L a c e r ta  

s in c e  a lth o u g h  two animal, s showed an in c re a s e  d u rin g  th e  renew al
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p h a s e ,  o n e  d i d  n o t .  H o w e v e r , f o r  m o s t o t h e r  a s p e c t s  o f  t h e  s h e d d in g  

c y c l e  t h e  L a c e r t a  d a t a  se e m e d  t o  f o l l o w  t h e  g e n e r a l  p a t t e r n .  C ap­

s u l e  d a t a  d i d  n o t  f u r t h e r  e l u c i d a t e  t h e  p r o b le m .  T h e  r a t e  o f  CWL i n ­

c r e a s e d  i n  t h e  b l a c k  t e g u  f ro m  t h e  e a r l y  r e n e w a l  p h a s e  o n w a r d s ,  a n d  

t h e n  d e c r e a s e d  a f t e r  s h e d d i n g .  T he c a p s u l e  d a t a  i n d i c a t e d  t h a t  CWL 

d e c r e a s e d  a f t e r  s h e d d i n g ,  b u t  b e c a u s e  o f  t h e  v a r i a b i l i t y  o f  t h e  d a t a ,  

i t  i s  h a r d  t o  t e l l  i f  CWL i n c r e a s e d  d u r i n g  t h e  r e n e w a l  p h a s e .

3. E laphe o b s o le ta  q u a d r iv i t t a t a

a . CWL d u rin g  th e  r e s t i n g  phase

The d a ta  on th e  r a t e  o f  CWL d u rin g  th e  p ro lo n g ed  r e s t i n g  

p e r io d  were h ig h ly  v a r ia b le .  E s s e n t i a l l y ,  s e v e ra l  an im als  showed a  

f a i r l y  c o n s is te n t  in c re a s e  (E laphe its: 1 ,  h , 5 , 8 , and 9 ) ,  in  o th e rs

CWL rem ained  f a i r l y  c o n s ta n t (E laphe #s : 2 , 6 , and 7 ) ,  w h ile  in

o th e r s  i t  showed such la rg e  f lu c tu a t io n s  f o r  a l l  o r  p a r t  o f  th e  ex­

p e r im e n ta l  p e r io d  (E laphe # s : 1 , 3 , and 5) t h a t  no d is c e r n ib le  t r e n d

co u ld  be e s ta b l i s h e d .  The a c tu a l  te c h n iq u e  o f  measurement co u ld  n o t 

e x p la in  th e s e  an o m alies , th e r e f o r e  v a r io u s  husbandry  p ro c e d u re s  and 

p o s s ib le  b io lo g ic a l  v a r ia b le s  have to  be c o n s id e re d .

i .  R e l a t i v e  h u m i d i t y  a n d  t h e  m a in t e n a n c e  e n v i r o n m e n t  

O r i g i n a l l y  i t  wbb t h o u g h t  t h a t  h a b i t a t  d i f f e r e n c e s  

a n d  e r r a t i c  c h a n g e s  i n  a m b ie n t  h u m id i ty  m ig h t  p h y s i c a l l y  a f f e c t  t h e  

c u t a n e o u s  b a r r i e r  a n d  t h u s  i n d i r e c t l y  b e  t h e  c a u s e  o f  t h e  d a i l y  f l u c ­

t u a t i o n s  i n  t h e  r a t e  o f  CWL. T h e r e f o r e ,  t h r e e  a n i m a l s  (E la p h e  #s:
3 , 8 , and 9 ) w ere p la c e d  in  a  c o n s ta n t environm ent w ith  r e s p e c t  t o  

te m p e ra tu re  and m o is tu re , and m easured f r e q u e n t ly  t h e r e a f t e r .  S ince 

E laphe #3 showed marked d a i ly  f l u c tu a t io n s ,  p ro b ab ly  l a r g e r  in  mag­

n itu d e  th a n  th o s e  f o r  any o th e r  ex p e rim en ta l s u b je c t ,  m ain tenance
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h u m id ity  i s  p ro b ab ly  n o t a  s a t i s f a c t o r y  e x p la n a tio n .

i i .  P o s s i b l e  t r a u m a  c a u s e d  b y  c l o a c a l  t a p i n g

The p ro c e ss  o f  c lo a c a l  ta p in g  and r e ta p in g  caused  

k e r a t in  t o  be s t r ip p e d  o f f  (p . 216 ) .  Subsequent o c c a s io n a l exposure  

o f  t h i s  s t r ip p e d  re g io n  due t o  in co m p le te  c lo a c a l  t a p in g ,  would r e ­

s u l t  in  an a r t i f i c i a l l y  h ig h  r a t e  o f  CWL, w h ile  o c c a s io n a l  com plete 

p r o te c t io n  o f  th e  s t r ip p e d  re g io n  w ith  ta p e  would r e s u l t  in  a  sharp  

d e c re a se  in  CWL compared to  th e  p re v io u s  m easurem ents. I n  t h i s  

c o n te x t f re q u e n t m easurem ents would mean f re q u e n t s t r i p p i n g ,  and 

in  th e  lo n g  ru n  a  g e n e ra l  in c re a s e  in  CWL d u rin g  th e  p ro lo n g ed  r e s t ­

in g  p e r io d  m ight be p r e d ic te d .  However, E laphe #5 was n o t ta p e d  

and , in  g e n e r a l ,  showed an in c re a s e  in  CWL d u rin g  i t s  p ro lo n g ed  r e s t ­

in g  p e r io d ,  w h ile  E laphe #s 6 and 7 were ta p e d  and d id  n o t show an 

in c r e a s e .  Animals which were m easured f r e q u e n t ly  sh o u ld  show th e  

s h a rp e s t  in c re a s e  in  CWL, y e t  E laphe #s 8 and 9 had th e  s h a rp e s t  

r i s e ,  and were o n ly  m easured w eekly . F in a l ly ,  th e  l a s t  m easurement 

o f  E laphe #1 in  t h i s  s e r i e s  (12 6 .5  m g/0 .5  h r )  was c o n s id e ra b ly  l e s s  

th a n  i t s  f i r s t  m easurement a f t e r  a  1*1 day r e s t  (207 .0  m g/0 .5  h r ) .

CWL i n c r e a s e d  d u r i n g  t h i s  p e r i o d  a l t h o u g h  t h e  a n im a l  w as  n o t  t a p e d  

o r  s t r e s s e d  i n  t h e  i n t e r i m .  T h e r e f o r e ,  i t  s e e m s  t h a t  t a p i n g  a n d  

o t h e r  m e a s u r in g  s t r e s s e s  c o u l d  n o t  a c c o u n t  f o r  t h e  i n c r e a s e  i n  CWL 

d u r i n g  t h e  p r o l o n g e d  r e s t i n g  p e r i o d .

i i i .  H i s t o l o g i c a l  c o r r e l a t e s  o f  t h e  p r o l o n g e d  r e s t i n g

p h a s e

B i o p s i e s  t a k e n  f ro m  a l l  a n im a l s  s t u d i e d  d u r i n g  t h e s e  

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

r e s t i n g  c o n d i t i o n "  h i s t o l o g y .  B i o p s i e s  sh o w ed  a n  " o d d "  RS w i t h
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s e v e ra l  la y e r s  o f  s u p ra b a sa l c e l l s ,  and a  h y p e rk e ra to t ic  a lp h a  la y e r  

c o n ta in in g  many p y c n o tic  n u c le i .  T h is was n o t th e  c a se  in  th e  boas 

w hich have a  lo n g  (ap p ro x im a te ly  60 day) b u t r e g u la r  c y c le ,  n o r in  

any l i z a r d ,  even in  th o s e  whose c y c le s  a re  lo n g  and v a r ia b le  ( f o r  

exam ple, D ip so sa u ru s , Ig u a n a , and L a c e r ta ) . I t  i s  known t h a t  many 

snakes shed o n ly  once o r  tw ic e  a  y e a r  (KLauber, 1956 ) ,  b u t i t  i s  n o t 

known i f  s im i la r  h i s to lo g ic a l  changes o ccu r in  th e s e  n a tu r a l  c ircum ­

s ta n c e s .

The o n se t o f  th e  ap pearance  o f  t h i s  "odd" c o n d itio n  

from  th e  tim e o f  th e  l a s t  shed was v a r ia b le  [mean 2 1 .3  + 7 .8 ^  (S .D .) 

d a y s , range  10-29 d a y s ] . T here was no ev id en ce  e x p la in in g  why i t  b e ­

gan a t  d i f f e r e n t  t im e s ,  nor was th e r e  any ev id en ce  w hich su g g es ted  

what t r ig g e r e d  th e  re sp o n se . E laphe #8 had t h i s  "odd" r e s t i n g  co n d i­

t i o n  on th e  f i r s t  day o f  m easurem ent, so t h a t  i t  canno t be i n t e r p r e t ­

ed as  a  b y -p ro d u c t o f  s t r e s s  b ro u g h t abou t by f re q u e n t m easurem ent.

S ince  ep id erm al a c t i v i t y  in  sn a k e s , even th o s e  which 

shed  in f r e q u e n t ly ,  i s  synchronous over th e  e n t i r e  body, and s in c e  

t h i s  "odd" r e s t i n g  c o n d itio n  d id  n o t seem t o  b e  a  re sp o n se  to  l o c a l  

tra u m a , i t  would seem th a t  such a  c o n d it io n  sho u ld  a ls o  c h a r a c te r iz e  

th e  e n t i r e  body e p id e rm is . N orm ally tru n k  s k in  was n o t b io p s ie d  to  

a s s e s s  th e  ep id erm al c o n d itio n  in  chamber m easurem ents. However, on 

two o c c a s io n s , t ru n k  n e c ro p s ie s  were ta k e n  when th e  neck ep id erm is  

showed th e  "odd" r e s t i n g  c o n d it io n . In  b o th  c a se s  th e  tru n k  e p id e r ­

m is showed a  t y p i c a l  p e r f e c t  r e s t i n g  c o n d it io n . However, in  th e s e  

c a se s  (E laphe #s 6 and 7) th e  "odd" h is to lo g y  had o n ly  r e c e n t ly  ap­

p e a red  in  th e  neck . S e v e ra l t ru n k  b io p s ie s  from snakes w hich were 

n o t p a r t  o f  t h i s  ex p erim en t, w ere ta k e n  a  c o n s id e ra b le  tim e  a f t e r  a
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sh ed . O ften  th e s e  b io p s ie s  showed a  v a r ia n t  r e s t i n g  c o n d i t io n ,  in  

which th e  germ ina l c e l l s  were n o t v e ry  a c t i v e ,  y e t  th e r e  w ere s e v e r a l  

su p ra b a s a l c e l l  l a y e r s .

iv .  R e la tio n  betw een d eh y d ra tio n  d u rin g  c o r n i f i c a t io n  

and CWL d u rin g  th e  p ro longed  r e s t in g  phase

The p o s s i b i l i t y  must be c o n s id e re d  t h a t  th e  p roduc­

t i o n  o f  new c e l l s  th ro u g h o u t th e  p ro lo n g ed  r e s t i n g  phase r e s u l t e d  in  

an in c re a s e d  r a t e  o f  w a te r lo s s  due t o  th e  m o is tu re  l i b e r a t e d  when 

th e  newly formed c e l l s  d eh y d ra te  d u rin g  t h e i r  k e r a t i n i z a t i o n .  F e l-  

sh e r  and Rothman (19^5) f e l t  t h a t  t h i s  m ight e x p la in  th e  h ig h  r a t e  o f  

CWL in  some h y p e rk e ra to t ic  d is e a s e s .  There a re  two re a so n s  to  be­

l i e v e  t h a t  t h i s  e x p la n a tio n  co u ld  n o t be o f  m ajor im portance  in  

th e s e  sn ak es . F i r s t l y ,  t h i s  co u ld  o n ly  cause  CWL to  re a c h  a  new, 

h ig h e r  l e v e l ,  b u t i f  th e  r a t e  o f  k e r a t in iz a t io n  rem ained c o n s ta n t ,  so 

sho u ld  th e  amount o f  excess w a te r  l o s t  from t h i s  so u rc e . S econd ly , 

i f  th e  o r ig i n a l  b a r r i e r  rem ained i n t a c t ,  in c re a s e s  in  k e r a t i n i z a t i o n  

sh o u ld  n o t in c re a s e  CWL. The t i s s u e s  under th e  b a r r i e r  (s u p ra b a s a l 

l i v i n g  c e l l s )  a r e  alw ays in  a  w a te r  p h a se , and would th e r e f o r e  be wet 

from  derm al f l u i d  even w ith o u t th e  in c re a s e d  k e r a t i n i z a t i o n .

A side from th e  unknown f a c to r s  which cause  th e  "odd" 

r e s t i n g  c o n d itio n  to  o c c u r , th e r e  i s  a n o th e r  fundam ental problem . 

S in ce  t h i s  c e l l u l a r  a c t i v i t y  causes th e  a lp h a  la y e r  to  th ic k e n ,  i t  

sho u ld  be a s s o c ia te d  w ith  a  d e c rea se  in  th e  r a t e  o f  CWL, n o t an in ­

c re a s e .  However, in  snakes where t h i s  "odd" h is to lo g y  was fo u n d , 

th e  r a t e  o f  CWL in c re a s e d . AnimalB w hich had s t a b l e  r a t e s  o f  CWL 

d u rin g  p a r t  o f  t h e i r  p ro lo n g ed  r e s t in g  p e r io d  (E laphe #s 2 and T ) s 

d id  n o t have th e  "odd" r e s t i n g  h is to lo g y ,  b u t E laphe #9 showed a



- 226-

sh a rp  in c re a s e  in  CWL a lth o u g h  i t s  ep id erm is  showed a  p e r f e c t  r e s t i n g  

c o n d i t io n .

v . CWL and a lp h a  c ra c k in g  d u rin g  th e  p ro lo n g ed  r e s t i n g  

phase in  th e  r a t  snake

I t  i s  p o s s ib le  t h a t  th e  c o n tin u in g  p ro d u c tio n  o f  new 

c e l l s  caused  th e  o v e r ly in g  b a r r i e r  to  c rack  (se e  below  f o r  a  f u r th e r  

e x te n s io n  o f  t h i s  p o s s i b i l i t y ) .  However, th e  c o n t in u a l  c ra c k in g  o f  

th e  o ld  b a r r i e r ,  to g e th e r  w ith  th e  c o n tin u a l  fo rm atio n  o f  a  new b a r ­

r i e r  shou ld  n o t cause  th e  r a t e  o f  CWL to  c o n tin u o u s ly  in c r e a s e ,  b u t 

r a th e r  i t  shou ld  q u ic k ly  re a c h  a  new e q u il ib r iu m . Thus i t  must be 

assumed th a t  a  d e t e r io r a t io n  o f  th e  o r ig in a l  b a r r i e r  i s  a s s o c ia te d  

w ith  th e  p ro d u c tio n  o f  a  new p a r a k e r a to t i c , i n f e r i o r  b a r r i e r .  Such 

an assum ption  cou ld  a ls o  e x p la in  th e  d a i ly  f lu c tu a t io n s  which were 

o b serv ed  in  m ost o f  th e  ex p e rim en ta l a n im a ls . S ince  in  snakes th e  

norm al ep id erm al p o p u la tio n  i s  sy n ch ro n ized , i t  i s  p o s s ib le  t h a t  th e  

k e r a t i n i z a t i o n  o f  th e  new i n f e r i o r  b a r r i e r ,  and th e  d is r u p t io n  o f  

th e  ou te rm ost good b a r r i e r  d u rin g  th e  p ro lo n g ed  r e s t i n g  phase were 

sy n ch ro n ized . A low r a t e  o f  CWL d u rin g  th e  p ro lo n g ed  r e s t i n g  phase 

would in d ic a te  th e  sy n ch ro n ized  k e r a t i n i z a t i o n  o f  a  new c o r n i f ie d  

l a y e r ,  w h ile  a  h ig h  r a t e  o f  CWL would in d ic a te  th e  sy n ch ro n ized  d i s ­

r u p t io n  o f  an o ld  la y e r  o f  th e  b a r r i e r .  I t  was n o t p o s s ib le  to  con­

f irm  th e  c ra c k in g  h i s t o l o g i c a l l y  (se e  b e lo w ).

E laphe # l ' s  h ig h  r a t e  o f  CWL fo llo w in g  a  s e v e ra l  

week m easuring  h ia tu s  can be e x p la in e d  by p o s tu la t in g  t h a t  in  th e  

in te r im  a  new i n f e r i o r  corneous la y e r  re p la c e d  th e  norm al one . At 

th e  end o f  th e  r e g u la r  s e r i e s  o f  m easurem ents E laphe #1 w eighed 295 

g ram s, and a f t e r  s ix  weeks o f  r e g u la r  fe e d in g  i t s  w eigh t re tu rn e d  to
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37^ grains. T h is must mean th a t  i t s  s u r fa c e  a re a  e n la rg e d  (s e e  p .

207). A corneous p a r a k e r a to t ic  la y e r  i s  p ro b ab ly  l e s s  e l a s t i c  th a n  

th e  norm al l a y e r ,  and th u s  i t  i s  p o s s ib le  t h a t  i t  c ra c k e d , and th e  

r e s u l t  was a  d ram a tic  in c re a s e  in  CWL. T h is may a ls o  e x p la in  why 

th e  r a t e  o f  CWL f o r  th e  th r e e  an im als w hich w ere fed  (E laphe #s 3 ,

8 ,  a n d  9 )  w e re  so  h i g h  a n d  f l u c t u a t e d  s o  m u ch .

v i .  C u ta n e o u s  t r a u m a  p a t h o l o g y  a n d  CWL

A ll b io p s ie s  examined in  a s s o c ia t io n  w ith  chamber 

m easurem ents were ta k en  from th e  g u la r  neck re g io n . T h is re g io n  

c o n ta in s  ap p ro x im a te ly  50 s c a le s  w hich cou ld  be b io p s ie d .  T h e re fo re , 

e v e n tu a l ly  th e r e  w ere few s c a le s  n o t in  im m ediate c o n ta c t  w ith  a  

wounded re g io n . In  f a c t ,  i t  was o n ly  th e  l a s t  s e v e ra l  b io p s ie s  o f  

E laphe #1 and E laphe #5) and th e  l a s t  b io p sy  o f  E laphe # 3 , w hich 

showed "traum a" r e a c t io n s  ( f ig u r e s  35 and 3 6 ). Can i t  be  assumed 

t h a t  th e  e n t i r e  g u la r  sk in  showed a  "traum a" re s p o n se , o r  i s  i t  pos­

s i b l e  t h a t  th e  l a s t  b io p s ie s  were tra u m a tiz e d  due to  t h e i r  ju x ta p o s i ­

t i o n  to  t r u e  wounds?

T he s e c o n d  p o s s i b i l i t y  se e m s  u n l i k e l y  f o r  s e v e r a l  

r e a s o n s .  O f te n  a  " t r a u m a "  r e a c t i o n  w as  fo u n d  i n  t h e  s c a l e ' s  c e n t e r  

b u t  n o t  n e a r  i t s  e d g e s .  F u r t h e r m o r e ,  i f  t h e  p r e s e n c e  o f  a  t r a u m a  

r e a c t i o n  w as d u e  t o  b i o p s y i n g  a d j o i n i n g  w o u n d s ,  o n e  m ig h t  e x p e c t  t h a t  

som e b i o p s i e s  w o u ld  show  " t r a u m a "  a n d  o t h e r s  n o t .  As t h e  n u m b er o f  

r e g i o n s  b i o p s i e d  i n c r e a s e d ,  m o re  b i o p s i e s  s h o u l d  show  " t r a u m a " , b u t  

o n e  w o u ld  e x p e c t  t o  o c c a s i o n a l l y  f i n d  n o rm a l  m a t e r i a l .  T h i s  w as  n o t  

s e e n :  o n c e  a  " t r a u m a "  r e s p o n s e  w as f o u n d ,  a l l  s u b s e q u e n t  b i o p s i e s

o f  t h a t  s n a k e 's  g u l a r  r e g i o n  sh o w ed  t h e  " t r a u m a "  r e a c t i o n .  F i n a l l y ,  

E la p h e  #8 sh o w ed  a  " t r a u m a "  r e a c t i o n  o n  d a y  7 ( a n d  t h e r e a f t e r )  a l ­
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though  t h i s  was o n ly  th e  second g u la r  b io p sy . Thus i t  i s  p ro b ab le  

t h a t  th e  e n t i r e  g u la r  ep id erm is  produced a  " traum a” re sp o n se  t o  some 

s t im u lu s .

Does t h i s  im ply t h a t  th e  m easuring  te ch n iq u e  

s t r e s s e d  th e  an im al in  such a  way th a t  i t  caused  th e  e n t i r e  e p id e r ­

mis to  show a  "traum a" resp o n se?  A tru n k  b io p sy  o f  E laphe #3 ta k e n  

a f t e r  th e  neck ep iderm is a lre a d y  showed a  c l e a r  " traum a" r e a c t io n ,  

showed a  norm al h is to lo g y .  Throughout th e  ex p erim en t, n o te s  were 

k ep t on th e  p h y s ic a l  c o n d itio n  o f  th e  ex p e rim en ta l s u b je c ts .  A ll 

an im als  w hich h i s to lo g ic a l ly  showed a  traum a r e a c t io n  had e x te r n a l  

s ig n s  o f  an ery them ic  g u la r  in tegum en t. T h is was nev er g ro s s ly  

o b serv ed  f o r  th e  t r u n k . P ro b ab ly  a  com bination  o f  u n u su a l p o s tu r e ,  

c o n s t r i c t i o n  o f  th e  g u la r  sk in  by th e  neoprene membrane, and th e  

c o n s ta n t  a p p l ic a t io n  o f  g re a s e ,  ag g rav a ted  by th e  f re q u e n t b io p s ie s ,  

cau sed  th e  head sk in  to  show a  "traum a" re sp o n se .

In  summary, i t  i s  h y p o th es ized  t h a t  th e  in c re a s e  in  

CWL d u rin g  th e  p ro longed  r e s t in g  phase (which c h a r a c te r iz e d  th e s e  

an im a ls) was r e l a t e d  to  th e  p ro d u c tio n  o f  a  p a r a k e r a to t ic  t i s s u e  

w ith  i n f e r i o r  b a r r i e r  p r o p e r t i e s .  The corneous l a y e r  o v e r th e  tru n k  

ep id e rm is  was a ty p ic a l  in  t h a t  i t  p o sse sse d  many p y c n o tic  n u c le i ,  

a lth o u g h  i t  p ro b ab ly  was n o t c h a r a c te r iz e d  by th e  extrem e c e l l u l a r  

a c t i v i t y  w hich c h a r a c te r iz e d  th e  g u la r  in teg u m en t. The g u la r  " t r a u ­

ma" r e a c t io n  i s  h y p o th e s ize d  to  be  a  l o c a l  re sp o n se  t o  u n u su a l s tim ­

u l i  and u n re la te d  to  th e  m easured r a t e  o f  CWL.

b . CWL d u rin g  th e  renew al phase

Taken as  a  w hole , th e  r a t  snake chamber and c a p su le  d a ta  

s t r o n g ly  su g g es t t h a t  CWL d ec rea sed  a f t e r  sh ed d in g , and t h a t  CWL was
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h ig h e r  d u rin g  th e  renew al phase th a n  d u r in g  th e  r e s t i n g  p h a se . Sev­

e r a l  s o r t s  o f  p ro to c o ls  w hich in v o lv e d  f re q u e n t measurem ent o f  CWL 

in  th e  same an im al (norm al o r  th y ro id e c to m iz e d ) , a ls o  in d ic a te d  th a t  

CWL in c re a s e d  th ro u g h o u t th e  renew al p h ase . U n like  th e  s i t u a t i o n  

f o r  to k a y s , th e r e  i s  no ev id en ce  t h a t  CWL s i g n i f i c a n t l y  in c re a s e d  

d u rin g  th e  e a r ly  renew al p h ase . However, th e s e  p a t t e r n s  w ere n o t 

su p p o rte d  "by group com parisons. S e v e ra l o f  th e  seem ing e x c e p tio n s  

can be e x p la in e d  on th e  b a s i s  o f  a  p re c o c io u s  developm ent o f  th e  in ­

n e r  a lp h a  la y e r  o r  d e lay ed  shedd ing  (se e  r e s u l t s ) ,  o th e r s  a re  n o t so 

e a s i l y  e x p la in e d .

U. C o n s tr ic to r  c o n s t r i c t o r

The d a ta  o b ta in e d  by m easuring  boas w ith  cham bers and cap­

s u le s  a re  in  acco rd  w ith  th e  g e n e ra l  t r e n d .  The in f r e q u e n t  n a tu re  

o f  t h e i r  measurem ent makes i t  im p o ss ib le  to  d e te rm in e  i f  CWL was 

h ig h  d u rin g  th e  e a r ly  renew al p h a se . These d a ta  a ls o  em phasized 

t h a t  d u rin g  th e  r e ta in e d  shed c o n d i t io n ,  CWL was alw ays low.

C. AHALYSIS

S e v e ra l in v e s t ig a to r s  m easured EWL d u rin g  sh ed d in g . I t  i s  p re ­

sumed t h a t  in  such  c irc u m stan c es  th e  an im al was a b le  t o  remove i t s  

o u te r  g e n e ra tio n  w h ile  in  th e  cham ber. I f  s o ,  th e  in c re a s e  in  evap­

o r a t iv e  w a te r  lo s s  t h a t  B ogert and Cowles (19^7) found f o r  an in d ig o  

sn a k e , t h a t  Gans e t  a l . (1968 ) found fo r  L. d o l i a t a ,  and t h a t  Min- 

n ic h  (1970) found fo r  D ip so sau ru s  d o r s a l i s , m ight be due t o  th e  ex­

p o su re  o f  th e  in n e r  a sp e c t o f  th e  o u te r  g e n e ra t io n  as  i t  was e v e r te d  

d u rin g  th e  p ro c e ss  o f  sh ed d in g . However, t h i s  would n o t p ro v id e  any 

in fo rm a tio n  about th e  s k i n 's  p e rm e a b il i ty  d u rin g  sh ed d in g . When
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Gans e t _ a l . (1968) removed th e  o u te r  g e n e ra tio n  j u s t  b e fo re  sh ed d in g , 

th e  r a t e  o f  CWL was n o t h ig h . Gans et_ a l . (1968) in c o r r e c t ly  assumed 

t h a t  t h i s  in d ic a te d  t h a t  th e  in c re a s e  in  CWL d u rin g  shedd ing  i s  due 

t o  in c re a s e d  a c t i v i t y  in v o lv ed  in  th e  rem oval o f  th e  o u te r  g en era ­

t i o n .

When CWL i s  m easured , th e  an im al canno t shed no rm ally  s in c e  i t s  

head i s  in  a  f ix e d  p o s i t io n .  T h e re fo re , i t  i s  p o s s ib le  t h a t  C laussen  

(1967) m easured p e rcu tan eo u s  w a te r lo s s  d u rin g  sh ed d in g , a lth o u g h  no 

m ention  was g iven  a s  to  how advanced th e  an im al was in  th e  p ro c e s s . 

Cohen (1975) m easured EWL and CWL b e f o r e ,  d u r in g , and a f t e r  sh ed d in g , 

and h is  l im i te d  d a ta  a re  in  g e n e ra l  agreem ent w ith  th o se  p re s e n te d  

h e re .

One a sp e c t o f  th e  r e l a t io n s h ip  betw een CWL and th e  shedd ing  cy­

c le  rem ains to  be c l a r i f i e d .  Why does th e  r a t e  o f  CWL in c re a s e  d u r­

in g  th e  renew al phase -  a  p e r io d  d u rin g  which th e r e  a re  no a p p a ren t 

m o rp h o lo g ica l changes in  th e  c o r n i f ie d  la y e r s  o f  th e  o u te r  ep iderm al 

g e n e ra tio n ?  In  o rd e r  to  a p p re c ia te  t h i s  problem  more f u l l y ,  i t  i s  

e s s e n t i a l  to  de term in e  th e  lo c a t io n  o f  th e  norm al squam ate perme­

a b i l i t y  b a r r i e r .

SECTION I I I .  THE LOCATION OF THE PERMEABILITY BARRIER

A. INTRODUCTION

I f  an a n im a l 's  ep id erm is  c o n s is t s  o f  e q u a l amounts o f  two d i f ­

f e r e n t  ty p e s  o f  k e ra tin a c e o u s  p r o te in  d i s t r i b u t e d  in  a  s t r i p e d ,  

ch eck erb o ard  o r  s p o tte d  p a t t e r n ,  and i f  th e  a n im a l 's  r a t e  o f  CWL i s  

l e s s  th a n  one h a l f  o f  t h a t  o f  a  s im i la r ly  shaped f r e e  w a te r  s u r f a c e ,
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t h e n  i t  c a n  b e  c o n c lu d e d  t h a t  b o t h  k e r a t i n s  a r e  a  b a r r i e r  t o  w a t e r  

l o s s .  I f  t h e  a n i m a l 's  r a t e  o f  CWL i s  c o n s i d e r a b l y  l e s s  t h a n  t h i s  

t h e n  b o t h  m a t e r i a l s  o f f e r  c o n s i d e r a b l e  r e s i s t a n c e  t o  t h e  m ovem en t o f  

w a t e r .  A h i g h l y  p e r m e a b le  m a t e r i a l  c o u l d  o c c u r  o n  a n  a n im a l  w i t h  a  

lo w  r a t e  o f  CWL i f  i t  o n l y  co m p o sed  a  v e r y  s m a l l  p e r c e n t a g e  o f  t h e  

t o t a l  s u r f a c e  a r e a .  T h u s  i n  t h o s e  n o n - l e p i d o s a u r i a n  r e p t i l e s  t h a t  

h a v e  lo w  r a t e s  o f  CWL, b o t h  a l p h a  a n d  b e t a  k e r a t i n  m u s t b e  a b l e  t o  

o f f e r  c o n s i d e r a b l e  r e s i s t a n c e  t o  t h e  m ovem ent o f  w a t e r  s i n c e  e a c h  

c o n s t i t u t e s  a  l a r g e  f r a c t i o n  o f  t h e  a n i m a l 's  t o t a l  b o d y  s u r f a c e .  O f 

c o u r s e ,  t h i s  d o e s  n o t  m ean t h a t  o n e  m a t e r i a l  i s  n o t  a  b e t t e r  b a r r i e r ,  

i n  t e r m s  o f  r e s i s t a n c e  p e r  u n i t  t h i c k n e s s ,  t h a n  t h e  o t h e r .

T h e  r e l a t i v e  p e r m e a b i l i t y  o f  a l p h a  a n d  b e t a  k e r a t i n  w e re  t e s t e d  

b y  a p p l y i n g  v acu u m  g r e a s e  t o  d i f f e r e n t  p a r t s  o f  t h e  s c a l e  ( t a b l e  3 0 ) .  

S in c e  c o v e r i n g  t h e  h i n g e s  w i t h  g r e a s e  d i d  n o t  r e d u c e  CWL m o re  t h a n  

w o u ld  b e  e x p e c t e d  on  t h e  b a s i s  o f  i t s  f r a c t i o n a l  s u r f a c e  a r e a ,  c o n ­

s e q u e n t l y  t h e  h i n g e s  a r e  n o t  m o re  p e r m e a b le  t h a n  a r e  t h e  o u t e r  s c a l e  

s u r f a c e s .  On o n e  o c c a s i o n  w hen  o n l y  t h e  h i n g e  r e g i o n s  w e re  g r e a s e d ,  

CWL w as  r e d u c e d  b y  l e s s  t h a n  w h i l e  w h en  o n l y  t h e  o u t e r  s c a l e  

s u r f a c e s  w e re  g r e a s e d ,  CWL w as  r e d u c e d  b y  l e s s  t h a n  16$ .  T h e o r e t i ­

c a l l y  t h e s e  p e r c e n t a g e s  s h o u ld  t o t a l  1 0 0 $ ,  a n d  t h u s  t h i s  d a tu m  seem s 

t o  i n d i c a t e  t h a t  g r e a s e  i s  p e r m e a b le  ( t h a t  i s ,  i t  d o e s  n o t  c u t  down 

CWL). H ow ever t h i s  s e r i e s  o f  e x p e r i m e n t s  w as p e r f o r m e d  w i t h  a  s m a l l  

c a p s u l e ,  h e n c e  t h e  a b s o l u t e  v a l u e s  a r e  u n r e l i a b l e .  I n  a d d i t i o n ,  

s i n c e  t h e  g r e a s e  t e n d s  t o  r u n  aw ay  fro m  t h e  i n n e r  r i m  o f  t h e  c a p s u l e ,  

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

g r e a s e  w hen t h e  c a p s u l e  i s  s m a l l .

S t u d i e s  o n  t h e  s c a l e l e s s  m u ta n t  s n a k e s  ( L i c h t  a n d  B e n n e t t ,
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1972; B ennett and L ic h t ,  1975) have re v e a le d  r a t e s  o f  CWL eq u al to  

th o s e  o f  norm al a n im a ls . Such m utan ts  la c k  th e  th ic k e n e d  b e ta  la y e r  

w hich d e s ig n a te s  a  normal, o u te r  s c a le  s u r f a c e ,  b u t th e  a lp h a  la y e r  

i s  o f  norm al p ro p o r t io n s .  T h is in d ic a te s  t h a t  th e  h in g e  re g io n  

(where a lp h a  k e r a t in  p red o m in a te s) i s  n o t more perm eable  th a n  th e  

o u te r  s c a le  s u r fa c e  (where f e a th e r  k e r a t in  p re d o m in a te s ) .

B. DYNAMIC ASPECTS OF THE HINGE AMD CWL

K rakaqer (1970) p re s e n te d  two p ie c e s  o f  ev idence  su g g e s tin g  

t h a t  th e  h in g e  re g io n s  and i n d i r e c t l y  th e  a lp h a  l a y e r ,  a re  more p e r ­

m eable th an  th e  o u te r  s c a le  s u r fa c e  and th e r e f o r e  i n d i r e c t l y  th e  

b e ta  la y e r .  CWL was h ig h  a f t e r  fe e d in g  (where th e  h in g e  re g io n s  a re  

d is te n d e d )  and when snakes r e s te d  in  a  c u r le d  p o s i t io n  (which ex­

p oses more h in g e  th an  when th e  an im al i s  s t r a i g h t ) .  A m inor o b je c ­

t i o n  i s  t h a t  in  b o th  c ase s  K rakauer compares d is te n d e d  h in g e  t o  a 

norm al p ie c e  o f  in teg u m en t. However, a  m ajor f a u l t  i s  t h a t  th e  sy s ­

tem  d id  no t re a c h  e q u ilib r iu m . When th e  h in g e  i s  d is te n d e d , m ois­

tu r e  w hich was p re v io u s ly  a llow ed  t o  b u i ld  up th e r e in  e sc a p e s , p ro ­

ducing  a  h ig h  t r a n s i t o r y  r a t e  o f  CWL, b u t t h i s  does n o t im ply th a t  

th e  h in g e  i s  more perm eable th a n  th e  o u te r  s c a le  s u r f a c e .  In  f a c t ,  

K rakauer u ses  t h i s  argum ent to  e x p la in  th e  seem ingly  h ig h  r a t e  o f  

CWL d u rin g  a c t i v i t y .  E laphe #12 ( f ig u r e  50) i s  an example o f  a  non­

e q u i l ib r a te d  ru n , o b ta in e d  in  e s s e n t i a l l y  th e  same manner as  K ra- 

k a u e r ’s s in g le  o b s e rv a tio n . When K rakauer in v e s t ig a te d  p o s tu r a l  

ch an g es , d a ta  p o in ts  were o b ta in e d  ev ery  two m in u te s , b u t from La- 

s ie w s k i 's  fo rm u la  (L asiew sk i et_ a l . ,  1966) one can d e te rm in e  th a t  

th e  la g  betw een a  change in  CWL and an e q u i l ib r a te d  re a d in g  would
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t a k e  m uch l o n g e r  t o  o c c u r .

S e v e ra l a tte m p ts  were made t o  i n d i r e c t l y  t e s t  th e  r e l a t i v e  p e r ­

m e a b i l i ty  o f  th e  h in g e  re g io n s . A sm all amount o f  in teg u m en tary  d i s ­

te n s io n  d id  n o t cause an in c re a s e  in  CWL ( ta b le  2 8 ) . I f  th e  h in g es  

w ere v e ry  p e rm eab le , a  la r g e  in c re a s e  in  CWL shou ld  have o c c u rre d .

The chamber r e s u l t s  re p o r te d  in  t a b l e  27 a re  com parable t o  th e s e  cap­

s u le  r e s u l t s .  T o ta l  CWL d ec rea sed  a f t e r  i n f l a t i o n  b u t n o t a f t e r  

f e e d in g . The e x p la n a tio n  fo r  t h i s  d isc re p a n c y  m ight be due to  e p i­

derm al d e h y d ra tio n  in  th e  i n f l a t e d  dead a n im a ls .

CWL w as  lo w e r  w hen t h e  a i r  p a s s e d  o v e r  t h e  a n im a l  i n  a  c e p h a l o -  

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

c e p h a l a d  d i r e c t i o n .  T h i s  i s  b e c a u s e  t h e  h i n g e s  a r e  n o t  s o  e f f e c t i v e ­

l y  s c r u b b e d  w hen a i r  p a s s e s  p o s t e r i a d .  I n  a l l  c a s e s  CWL w as  h i g h e r  

a f t e r  d i s t e n s i o n  t h a n  b e f o r e  ( a l t h o u g h  n o t  p e r  u n i t  s u r f a c e  a r e a ,  s e e  

t a b l e  2 7 ). I f  h i n g e s  a r e  m o re  p e r m e a b le  t h a n  o u t e r  s c a l e  s u r f a c e s ,  

t h e n  t h e  d i f f e r e n c e  b e tw e e n  n o rm a l  f lo w  ( o r  1 0 0 0  c c /m in )  a n d  r e v e r s e  

f l o w  ( o r  2 0 0  c c /m in )  s h o u l d  b e  g r e a t e r  b e f o r e  t h a n  a f t e r  d i s t e n s i o n .  

H o w e v e r , t h e  d i f f e r e n c e  w as a b o u t  t h e  sam e b o t h  b e f o r e  a n d  a f t e r  d i s ­

t e n s i o n .  F i n a l l y ,  t h e  tw o  i n  v i t r o  m e a s u r e m e n ts  m ade o n  b l a c k  t e g u  

s k i n  w i t h  g r e a s e  o n  t h e  h i n g e s  i n d i c a t e d  t h a t  s q u a m a te s  a r e  s i m i l a r  

t o  c r o c o d i l i a n s  i n  t h a t  t h e  h i n g e  i s  n o t  v e r y  p e r m e a b le .

C . THE SHEDDIHG CYCLE

1 .  P o s s i b l e  R e s i s t a n c e  o f  E a c h  o f  t h e  C e l l  L a y e r s  o f  t h e  E p i ­

d e r m a l  G e n e r a t i o n

T he u n s p e c i a l i z e d  s q u a m a te  e p i d e r m is  m ay h a v e  s i x  r e c o g n i z ­

a b l e  c e l l  t y p e s  w h ic h  c o r n i f y  o v e r  t h e  o u t e r  s c a l e  s u r f a c e .  T h e s e
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a re  from w ith o u t in w ard s: th e  O berhau tchen , b e t a ,  m esos, a lp h a ,

la c u n a r  and c le a r  l a y e r s .  I f  i t  i s  assumed th a t  o n ly  k e r a t in iz e d  

m a te r ia ls  in  th e  ep id erm is  can be a  m ajo r b a r r i e r  to  CWL, th en  

any o r  a l l  o f  th e s e  la y e r s  must be  c o n s id e re d .

The la c u n a r  and c le a r  l a y e r s  may be d is re g a rd e d  s in c e  th e y  

a re  n o t p re s e n t  when CWL i s  lo w e s t ,  d u rin g  th e  p e r f e c t  r e s t i n g  con­

d i t i o n .

The O berhautchen la y e r  can p ro b ab ly  be e l im in a te d  from  con­

s id e r a t i o n  b ecause  i t  i s  v e ry  t h in  (a  s in g le  c e l l  l a y e r  t h i c k ,  and 

r e s i s t a n c e  i s  d i r e c t l y  r e l a t e d  to  th ic k n e s s )  and becau se  i t s  s t r u c ­

tu r e  i s  o b v io u s ly  s p e c ia l iz e d  f o r  shedd ing  ( s p in u le s  and s e r r a t i o n s ,  

see  M aderson, 1970).

The mesos la y e r  k e r a t in iz e s  te m p o ra lly  a f t e r  th e  b e ta  l a y e r  

b u t b e fo re  th e  a lp h a  la y e r .  I t s  th ic k n e s s  v a r ie s  g r e a t ly  i n te r s p e -  

c i f i c a l l y  (M aderson, Mayhew, and S prague, 1 9 7 0 ), b e in g  th in  in  many 

squam ates, b u t th ic k  in  b la c k  te g u s .  A lexander and P a ra k k a l (1969 ) 

su g g es ted  th a t  t h i s  re g io n  i s  in te rm e d ia te  in  s t r u c tu r e  betw een th e  

b e ta  and a lp h a  l a y e r s ,  and t h a t  i t  m ight be  a  t r a n s i t i o n a l  r e g io n . 

T h is i s  d o u b tfu l  s in c e  th e  u l t r a s t r u c t u r e  o f  i t s  c o n s t i tu e n t  c e l l s  i s  

th e  same w hether th e y  l i e  n e a r th e  b e ta  la y e r  o r  n e a r  th e  a lp h a  la y ­

e r  (M aderson e t  a l_ ., 1972). The mesos l a y e r ,  l i k e  th e  a lp h a  l a y e r ,  

i s  about e q u a lly  th ic k  th ro u g h o u t th e  e n t i r e  e p id e rm is . Maderson e t  

a l . (1972) s t r e s s  t h a t  th e  c e l l s  o f  th e  mesos l a y e r  d i f f e r  from  th o se  

o f  th e  a lp h a  la y e r  in  s e v e ra l  r e s p e c t s ,  in  te rm s o f  p e rm e a b il i ty  th e  

m ost im p o rtan t d i f f e r e n c e  i s  th e  la c k  o f  abundant f i la m e n ts .  S ince  

th e  m a te r ia l  w hich o f f e r s  r e s i s t a n c e  t o  th e  movement o f  w a te r  i s  a  

l i p i d - k e r a t i n  m a tr ix  i t  would seem t h a t  w ith o u t k e r a t i n  f i la m e n ts
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t h i s  m a te r ia l  cou ld  n o t be th e  b a r r i e r .  Thus no fu n c tio n  can be a s ­

s ig n e d  to  th e  mesos la y e r  a t  p re s e n t  b u t i t s  r o l e  as  a  p e rm e a b il i ty  

b a r r i e r  i s  d o u b tfu l e s p e c ia l ly  in  th o s e  an im als  where i t  i s  v e ry  t h in  

( e . g . ,  to k a y s ) .  Where i t  i s  t h i c k ,  i t  m ight supplem ent th e  o th e r  

k e r a t i n  la y e r s  in  some way.

The b e ta  l a y e r  i s  r a r e ly  p re s e n t  to  any d eg ree  in  th e  h inge  

(Roth and J o n e s , 1967) ,  b u t i t  i s  alw ays th ic k  on th e  o u te r  s c a le  

s u r f a c e .  The in n e r  b e ta  l a y e r  b e g in s  k e r a t in i z in g  d u rin g  th e  mid 

renew al phase ( e a r ly  s ta g e  U) and th e  c e l l s  o f  t h i s  la y e r  synchro­

n o u s ly  lo s e  t h e i r  n u c le i  in  most squam ates (b u t asy n ch ro n o u sly  in  

b la c k  te g u s )  d u rin g  th e  l a t e  renew al phase  ( s ta g e  5 )- T h is la y e r  

d e h y d ra te s  ( c o r n i f i e s )  d u rin g  s ta g e  6 o f  th e  shedd ing  c y c le . W hile 

A lexander and P a ra k k a l ( 1969 ) s t a t e d  t h a t  th e  b e ta  la y e r  does no t 

c o rn ify  co m p le te ly  u n t i l  s e v e ra l  days a f t e r  sh ed d in g , Maderson et_ a l . 

(1972} and Roth and Jones (1970) d id  n o t o b serve  any s ig n i f i c a n t  u l -  

t r a s t r u c t u r a l  changes in  th e  b e ta  la y e r  a f t e r  sh ed d in g .

The a lp h a  la y e r  b e g in s  to  be form ed d u rin g  th e  l a t e  renew al 

phase  b u t u s u a l ly  does n o t show c l e a r  s ig n s  o f  k e r a t i n i z a t i o n  u n t i l  

j u s t  b e fo re  sh ed d in g . M atu ra tio n  o f  th e  a lp h a  la y e r  i s  n e v e r syn­

chronous and i t  i s  r a r e ly  com pleted  u n t i l  s e v e ra l  days a f t e r  shed­

d in g .

2 . Evidence as  to  th e  L o ca tio n  o f  th e  P e rm e a b ility  B a r r ie r  

Em anating from S tu d ie s  on CWL Throughout th e  Shedding Cycle

The r a t e  o f  CWL d e c re a se s  f o r  s e v e ra l  days a f t e r  sh ed d in g . 

D uring  t h i s  same p e r io d ,  th e  a lp h a  la y e r  re a c h e s  m a tu r i ty  as a  r e ­

s u l t  o f  th e  c o n tin u a l  p ro d u c tio n  and d i f f e r e n t i a t i o n  o f  p resum ptive  

a lp h a  c e l l s .  O c c a s io n a lly  in  p a th o lo g ic a l  c o n d itio n s  th e  o u te r  gen­
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e r a t io n  iB n o t shed  a t  i t s  u su a l tim e  in  r e l a t i o n  t o  th e  m a tu ra tio n  

o f  th e  in n e r  ep id erm al g e n e ra t io n . When t h i s  o c c u rs , th e  ep id erm is  

has a  s ta g e  6 h is to lo g y  in  th e  sense  t h a t  th e  o u te r  g e n e ra tio n  r e ­

m ains iri s i t u , h u t th e  in n e r  g e n e ra tio n  m atu res  to  a " p e r f e c t  r e s t ­

in g  c o n d it io n " ,  as th e  r a t e  o f  CWL d e c re a s e s . I f  th e  o u te r  (o ld )  

g e n e ra t io n  i s  removed (o r  n a tu r a l ly  sh ed s) CWL i s  n o t a f f e c te d .  Such 

o b s e rv a tio n s  s t r e s s  th e  im portance  o f  th e  new a lp h a  l a y e r  as  th e  p e r ­

m e a b i l i ty  b a r r i e r .

The o u te r  g e n e ra tio n  i s  m o is t in  th o s e  an im als which remove 

i t  in  one o r a  few la rg e  p ie c e s .  The o u te r  g e n e ra tio n  i s  b r i t t l e  in  

a  d e lay ed  shed c o n d itio n  b ecause  th e  ep id erm al b a r r i e r  formed under 

i t ,  and p re v e n ted  th e  u n d e rly in g  m o is tu re  (from  th e  body t i s s u e s )  

r e p le n is h in g  th a t  l o s t  by e v a p o ra tio n .

W ith r e s p e c t  to  th e  c o n d it io n  o f  th e  o u te r  g e n e ra tio n  two 

ex trem e c o n d itio n s  can be en v isag ed .

At th e  tim e  o f  shedding  th e  o u te r  g e n e ra tio n  i s  m o is t , i n ­

d ic a t in g  th a t  th e  in n e r  g e n e ra t io n  i s  im m ature. T h e re fo re , CWL 

would be h ig h  b o th  b e fo re  shedding  (when th e  o ld  g e n e ra tio n  i s  

" le ak y "  and th e  new g e n e ra tio n  i s  im m ature) and a f t e r  shedd ing  when 

th e  new g e n e ra tio n  i s  s t i l l  im m ature. A h ig h  r a t e  o f  CWL m ight n o t 

be d isad v an tag eo u s  under c e r t a in  c o n d it io n s ;  i f  w a te r  i s  p l e n t i f u l ,  

i f  th e  le n g th  o f  tim e  th e  an im al i s  in c a p a c i ta te d  d u rin g  shedd ing  i s  

re d u c ed , o r  i f  some s p e c ia l i z a t io n  ( f o r  exam ple, c lim b in g  fo o tp a d s )  

i s  dependent on th e  synchronous (on a l l  fo u r  lim b s) appearance  o f  

th e  new g e n e ra tio n  (M aderson, 1970).

The o th e r  extrem e c o n d itio n  i s  t h a t  a t  th e  tim e  o f  shedd ing  

th e  o u te r  g e n e ra tio n  i s  d ry ,  t h i s  means t h a t  th e  in n e r  g e n e ra tio n
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s t a r t  e d  t o  m a tu r e  w e l l  b e f o r e  t h e  o u t e r  g e n e r a t i o n  b e c a m e  " l e a k y ’*. 

ThuB t h e  r a t e  o f  CWL w o u ld  b e  lo w  a n d  w a t e r  w o u ld  b e  e c o n o m iz e d .

T h i s  s t r a t e g y  w o u ld  seem  t o  b e  a p p r o p r i a t e  i n  t h e  r e v e r s e  s i t u a t i o n s  

t o  t h o s e  d e s c r i b e d  a b o v e .

I n  t o k a y s  a n d  som e o t h e r  s q u a m a te s  t h e  p e r m e a b i l i t y  o f  t h e  

o u t e r  g e n e r a t i o n  i n c r e a s e s  a t  a b o u t  t h e  t i m e  o f  s h e d d in g  w h i l e  t h a t  

o f  t h e  i n n e r  g e n e r a t i o n  d e c r e a s e s  u n t i l  t h e  i n n e r  g e n e r a t i o n  i s  l e s s  

p e r m e a b le  t h a n  t h e  o u t e r  g e n e r a t i o n .  T h e r e a f t e r  t h e  o u t e r  g e n e r a t i o n  

l o s e s  m o re  m o i s t u r e  t h a n  i t  r e c e i v e s  t h r o u g h  t h e  i n n e r  g e n e r a t i o n ,  

a n d  c o n s e q u e n t l y  d e h y d r a t e s .  I t  i s  p o s s i b l e  t h a t  d e h y d r a t i o n  o f  t h e  

c o n s t i t u e n t  c e l l s  o f  t h e  c l e a r  l a y e r / O b e r h a u tc h e n  c o m p le x  f a c i l i ­

t a t e s  t h e i r  e v e n t u a l  s e p a r a t i o n  a n d  b r i n g s  a b o u t  s h e d d in g  (M a d e rs o n ,

1970).

D. KERATIN HYDRATION

E x p e r im e n ts  show  ( p .  6 8 )  t h a t  i n  t o k a y s ,  t h e  a l p h a  l a y e r  s w e l l s  

w hen t h e  a n im a l  i s  im m e rse d  i n  w a t e r  w i t h i n  t h e  f i r s t  fe w  d a y s  a f t e r  

s h e d d i n g .  S in c e  a l l  m i c r o s c o p i c  i n d i c a t i o n s  w e re  t h a t  t h e  b e t a  l a y ­

e r  w as  m a tu r e  a t  t h e  t i m e  o f  s h e d d i n g ,  s u c h  e x p e r i m e n t s  i n d i c a t e  

t h a t  t h e  w a te r  r e a c h e d  t h e  a l p h a  l a y e r  a n d  h y d r a t e d  i t  o n l y  i f  i t  

w as  i n  t h e  im m a tu re  s t a t e .  I f  w a t e r  r e a c h e d  t h e  a l p h a  l a y e r  a f t e r  

s h e d d in g  t h e  b e t a  l a y e r  w as  n o t  a n  e f f e c t i v e  b a r r i e r .  I f  w a t e r  

r e a c h e s  t h e  m a tu r e  a l p h a  l a y e r  s e v e r a l  d a y s  a f t e r  s h e d d i n g ,  t h e  r a t e  

o f  CWL a n d  t h e  a l p h a  l a y e r  Eire n o t  a f f e c t e d .  L ik e w is e  t h e  r e s i s t a n c e  

o f  t h e  hum an s t r a t u m  c o rn e u m  d e c r e a s e s  w hen  i t  i s  h y d r a t e d  ( S c h e u -  

p l e i n ,  1 9 7 2 ) .
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E. STBIPPIMG STUDIES

1 . In tr o d u c t io n

As shown in  f ig u r e  67 , th e  e f f e c t s  o f  c e llo p h an e  s t r ip p in g  

on CWL e s s e n t i a l l y  resem ble  t h a t  w hich has been  d e sc r ib e d  in  mam­

m a ls . Im m ediately  fo llo w in g  s t r ip p in g  th e r e  i s  a  sh a rp  in c r e a s e ,  and 

th e n  CWL r e tu r n s  g ra d u a lly  t o  p re - tra u m a  l e v e l s .  When to k ay s  a re  

s t r ip p e d  d u rin g  th e  r e s t i n g  phase  th e  r e s u l t s  ag ree  most c lo s e ly  

w ith  d a ta  a v a i l a b le  fo r  man (E rik sso n  and Lamke, 1971; see  f i g .  67)> 

b u t  i f  to k ay s  a re  s t r ip p e d  d u rin g  th e  renew al p h a se , th e  p h y s io lo g i­

c a l  e f f e c t iv e n e s s  o f  th e  b a r r i e r  i s  more slow ly  r e s to r e d .  The p a t ­

t e r n  f o r  th e  caim an i s  r a th e r  e r r a t i c .  A lthough a t  f i r s t  s ig h t  th e  

d a ta  f o r  te g u s  seem e r r a t i c ,  in  f a c t  th e  cu rve  d e s c r ib in g  r e s to r a ­

t i o n  i s  ap p ro x im a te ly  th e  same as t h a t  fo r  to k a y s  in  th e  r e s t i n g  

p h a s e , though  th e r e  i s  a  la g  p e r io d  o f  about 3 d a y s , d u rin g  w hich 

th e  r a t e  o f  CWL c o n tin u e s  to  in c re a s e  a f t e r  s t r ip p in g .  These ap p ar­

e n t  anom alies a s s i s t  ou r i n t e r p r e t a t i o n  o f  th e  e x te n t  to  w hich th e  

p h y s io lo g ic a l  d a ta  c o r r e l a t e  w ith  th e  m o rp h o lo g ica l d a ta ,  and th e r e ­

by p e rm it an i d e n t i f i c a t i o n  o f  th e  norm al b a r r i e r  in  r e p t i l e  s k in .

2 . Caiman

In  mammalian m a te r ia l ,  th e  s t im u la te d  g erm in a l p r o l i f e r a t i o n  

and subsequen t d i f f e r e n t i a t i o n  o f  d au g h te r c e l l s  accompanying r e s t o ­

r a t i o n  o f  th e  b a r r i e r ,  in v o lv e s  o n ly  th e  s y n th e s is  o f  a lp h a - ty p e  p ro ­

t e i n .  A lthough th e r e  axe some i n i t i a l  in d ic a t io n s  o f  p a r a k e r a to s i s ,  

th e  r e s to r a t i o n  o f  th e  b a r r i e r  in  mammals seems to  in v o lv e  m erely  

r a p id  p ro d u c tio n  and d i f f e r e n t i a t i o n  o f  c e l l s .

The caiman d a ta  e s s e n t i a l l y  resem ble  th e  mammalian d a ta  ex­

c e p t t h a t  th e  corneous c e l l s  o f  th e  o u te r  s c a le  s u r fa c e  s y n th e s iz e
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F ig u re  67• The change in  th e  p e rc e n t in c re a s e  in  CWL rem ain ing  

a f t e r  s t r ip p in g  w ith  t im e , f o r  s e v e ra l  e x p e r im en ta l s tu d ie s  and a  

t h e o r e t i c a l  one.
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f e a th e r - ty p e  f ib r o u s  p r o te in s  (Baden and M aderson, 1970). The t h i n ­

n in g  o f  th e  t i s s u e s  by s t r ip p in g  a p p a re n tly  d e c re a se s  th e  e f f e c t iv e ­

n e ss  o f  th e  b a r r i e r .  The b a r r i e r  i s  r e s to r e d  by an a c c e le r a te d  p ro ­

d u c tio n  and d i f f e r e n t i a t i o n  o f  c e l l s  whose h is to lo g y  re sem b les  th a t  

o f  norm al t i s s u e s .  T h e re fo re  th e  c o n c lu s io n  can be reach ed  t h a t  th e  

f e a th e r - p r o te in  c o n ta in in g  c e l l s  o f  th e  corneous t i s s u e s  o f  caiman 

ep id erm is  c o n s t i tu te  th e  norm al b a r r i e r  a g a in s t  CWL in  an e x a c t ly  

analogous fa sh io n  as  do th e  a lp h a - p ro te in  c o n ta in in g  c e l l s  o f  mam­

m a lian  s tra tu m  corneum. The a v a i l a b le  m o rp h o lo g ica l d a ta  a re  in s u f ­

f i c i e n t  t o  e x p la in  th e  s lo w e r , somewhat e r r a t i c  p ro c e ss  o f  b a r r i e r  

r e s t o r a t i o n  in  caim ans. E x p lan a tio n  must aw ait in fo rm a tio n  concern ­

in g  th e  c o n tr o l  o f  ep id erm al p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  in  

t h i s  r e p t i l e .

3. Squamates

In  squam ates, th e  im p o rtan t q u e s tio n  i s ,  t o  what e x te n t  do 

some o r a l l  o f  th e  v a r io u s  corneous t i s s u e s  a c t  as  p h y s io lo g ic a l  b a r ­

r i e r s ?  In  th e  l i g h t  o f  th e  in h e re n t  v a r i a b i l i t y  o f  th e  s t r ip p in g  

te c h n iq u e  when a p p lie d  to  th e  squam ate in teg u m en t, and a ls o  c e r t a in  

m o rp h o lo g ica l and p h y s io lo g ic a l  v a r ia n t s  which have been  re p o r te d  

h e re  betw een in d iv id u a ls  and s p e c ie s ,  we must approach  an a n a ly s is  

o f  th e  p re s e n t  d a ta  w ith  c a u tio n .

The r a t e  of-CWL i s  in v e r s e ly  p ro p o r t io n a l  t o  th e  r e s i s t a n c e  

th e  b a r r i e r  o f f e r s  to  th e  p assag e  o f  w a te r  (S ch eu p le in  and B lank ,

197 1 ). S ince  th e  r e s i s ta n c e  o f  th e  b a r r i e r  i s  d i r e c t l y  r e l a t e d  to  

i t s  th ic k n e s s ,  t h i s  r e l a t io n s h ip  can be e x p re sse d  a s :

CWL « ~  o r  CWL = |  {h)
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where K i s  th e  p e rm e a b il i ty  c o n s ta n t o f  th e  h a r r i e r  t o  w a te r  and T 

i s  th ic k n e s s .  I f  we assume t h a t  th e  h a r r i e r  i s  homogeneous and a  l a ­

m e lla te  s t r u c t u r e ,  and t h a t  s t r ip p in g  removes 95# o f  i t s  th ic k n e s s ,  

th e  in c re a s e d  CWL a f t e r  s t r ip p in g  i s  g iven  hy :

K
0.05T T T

Let us now assume t h a t  2 .5#  o f  th e  o r ig i n a l  th ic k n e s s  i s  r e s to r e d  

d u rin g  th e  f i r s t  24 h rs  p o s t - s t r i p .  The p e rc e n t in c re a s e  in  CWL r e ­

m ain ing  a f t e r  24 h r s  i s  g iven  hy:

K K
° " " l9 K " ~  X 100 —  12't'3K x 19k X I 00 = 64 .9#  (6 )

~

Assuming t h a t  th e  r a t e  o f  m o rp h o lo g ica l r e s t o r a t i o n  im proves d u rin g  

th e  second day p o s t - s t r i p ,  and t h e r e a f t e r ,  so t h a t  5# o f  th e  o r ig i n a l  

th ic k n e s s  i s  r e s to r e d  p e r  d ay , th e  p e rc e n t o f  in c re a s e d  CWL rem ain ing  

on any day i s  g iven  hy:

1 - 10.025 + 0 .05  n X 100 (7)
19

w here n i s  th e  number o f  days a f t e r  s t r ip p in g .

The " p re d ic te d ” l i n e  in  f i g .  67 i s  drawn th ro u g h  p o in ts  ob­

t a in e d  by th e  fo rm ula J u s t  d e s c r ib e d . The cu rve  f i t s  two s e t s  o f  

d a ta  a lm ost p e r f e c t ly :  f i r s t ,  th o se  d e s c r ib in g  th e  re c o v e ry  o f  th e

to k a y  ep id erm is  s t r ip p e d  d u rin g  th e  r e s t i n g  p h a se , and second , some 

human d a ta  (E rik sso n  and Lamke, 1971)* The r a p i d i t y  o f  r e s to r a t i o n  

o f  th e s e  to k ay s  may he e x p la in e d  hy th e  f a c t  t h a t  t h i s  i s  th e  tim e  

in  th e  c y c le  when such p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  a s  does 

ta k e  p la c e  i s  a s s o c ia te d  w ith  th e  p ro d u c tio n  and m a tu ra tio n  o f  a lp h a -
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p r o te in  c o n ta in in g  c e l l s  (C hiu and M aderson, 1975)- What th e n  o f  th e  

o th e r  squam ate d a ta  in  f ig u r e  67?

No e x p la n a tio n  can he  o f f e r e d  as t o  why CWL in c re a s e s  d u rin g  

th e  th r e e  days fo llo w in g  s t r ip p in g  in  b la c k  te g u s ,  b u t th e  la g  in  

r e s t o r a t i o n  o f  p h y s io lo g ic a l  e f f e c t iv e n e s s  o f  t h i s  Bystem i s  c o r r e ­

l a t e d  w ith  a la g  phase in  c y to lo g ic a l  e v e n ts  n o t observ ed  in  o th e r  

l i z a r d s .  Tegus a re  u n usual in  t h a t  th e r e  i s  no re sp o n se  in  th e  l i v ­

in g  ep iderm al c e l l s  u n t i l  th r e e  days a f t e r  s t r ip p in g .  However, th e  

f i r s t  d e c rea se  in  CWL c o in c id e s  w ith  th e  f i r s t  h i s to lo g ic a l  changes. 

T h e re a f te r  CWL c o n tin u e s  to  d e c re a s e , e s s e n t i a l l y  fo llo w in g  th e  same 

p a t t e r n  as  t h a t  fo r  th e  r e s t i n g  phase to k a y s , as th e  a lp h a  t i s s u e  

becomes th ic k e r .  Thus w h ile  th e  la g  in  c y to lo g ic a l  re sp o n se  canno t 

be e x p la in e d , i t  seems le g i t im a te  to  em phasize t h a t  a m e lio ra tio n  o f  

th e  p h y s io lo g ic a l  traum a i s  a s s o c ia te d  w ith  th e  m a tu ra tio n  o f  a lp h a -  

p r o te in  c o n ta in in g  c e l l s .

R e s to ra t io n  o f  p h y s io lo g ic a l  e f f e c t iv e n e s s  a f t e r  s t r ip p in g  

o f  th e  sk in  d u rin g  th e  renew al phase i s  n e i th e r  a s  d ram a tic  n o r as 

r a p id ,  as t h a t  seen in  th e  r e s t i n g  phase e x p e rim en ts . T h is  can be 

e x p la in e d  as fo llo w s . The a lp h a - l ik e  t i s s u e  r e s u l t i n g  from m eta­

p l a s i a  i s  no t a s  th ic k  as t h a t  which i s  form ed by r e s t i n g  phase  a n i­

m a ls . I t  ap p ears  t h a t  a lth o u g h  th e  m e ta p la s ia  does a m e lio ra te  th e  

p h y s io lo g ic a l  trau m a , i t  i s  im p e r fe c t . However, i f  we fo llo w  th e  

p a t t e r n  o f  r e s to r a t i o n  f u r t h e r ,  we see  t h a t  e v e n tu a lly  th e  an im al 

sh ed s . Under norm al c ircu m stan ces  th e r e  i s  an in c re a s e  in  CWL around 

th e  tim e  o f  shedding  (se e  p . 213) and t h i s  p ro b ab ly  d is g u is e s  th e  

r e s to r a t i o n  t o  some e x te n t .  Once th e  shed has o c c u r re d , th e  n ex t 

measurem ent i s  v e ry  much lo w e r. Thus th e  a n im a ls , a lth o u g h  much d i f ­
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f e r e n t  th a n  th o se  s t r ip p e d  in  th e  r e s t i n g  p h a se , u n d e rsco re  th e  r e l a ­

t io n s h ip  betw een a lp h a  t i s s u e  and b a r r i e r  e f f e c t iv e n e s s .  The i n i t i a l  

re sp o n se  to  traum a i s  th e  p ro d u c tio n  o f  a lp h a - l ik e  t i s s u e  by m eta­

p l a s i a  o f  o th e r  p resum ptive  c e l l  ty p e s .  Then,, a lth o u g h  d e la y e d , d i f ­

f e r e n t i a t i o n  o f  an in n e r  ep id erm al g e n e ra tio n  o ccu rs  n o rm a lly , and 

when t h i s  l a t t e r  a c q u ire s  i t s  own, norm al a lp h a  l a y e r ,  p h y s io lo g ic a l  

e f f e c t iv e n e s s  i s  f i n a l l y  r e s to r e d .

The p reponderance  o f  ev idence  th u s  in d ic a te s  t h a t  th e  a lp h a  

la y e r  i s  th e  main p e rm e a b il i ty  b a r r i e r  in  th e  squam ate e p id e rm is . 

However, i f  t h i s  i s  s o , why does th e  r a t e  o f  CWL in c re a s e  d ra m a tic a l­

l y  a f t e r  th e  b e ta  la y e r  i s  s t r ip p e d  o f f?

F o llow ing  fo rc e p s  o r  c e llo p h an e  s t r i p p in g ,  th e r e  i s  alw ays 

a  deg ree  o f  b u c k lin g  o f  th e  o u te r  s c a le  s u r f a c e .  T his i s  in t e r p r e te d  

as  in d ic a t in g  t h a t  th e  b e ta  la y e r  has a  d u a l m echan ical fu n c tio n :  

n o t o n ly  does i t  p r o te c t  th e  u n d e rly in g  t i s s u e s  from a b ra s io n ,  b u t 

i t  a ls o  f a c i l i t a t e s  th e  m ain tenance o f  s c a le  sh ap e . The fo rc e s  

a g a in s t  which th e  b e ta  la y e r  a c ts  must have t h e i r  o r ig in  in  th e  com­

p le x  arrangem ent o f  in te r lo c k in g  v e r t i c a l  and h o r iz o n a l  c o lla g e n  

s t r u t s  and p i l l a r s  w hich c h a r a c te r iz e  th e  squam ate d e rm is . When th e  

b e ta  l a y e r  i s  rem oved, th e  r e s u l t a n t  d is tu rb a n c e  o f  th e  e q u il ib r iu m  

o f  fo rc e s  w ith in  th e  s c a le  cau ses  a  d i s t o r t i o n  o f  th e  o u te r  s c a le  

s u r f a c e .  T h is  d i s t o r t i o n  d is r u p ts  th e  a r c h i t e c tu r e  o f  th e  a lp h a  

l a y e r ,  th u s  c au s in g  a  sudden in c re a s e  in  CWL. The c o n tro l  mechanisms 

f o r  c y c l ic  c e l l  p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  depend upon th e  

e x is te n c e  o f  norm al corneous t i s s u e s  (Flaxman e t  a l . , 1968 ): when

th e s e  a re  d is tu r b e d ,  g e rm in a l p r o l i f e r a t i o n  r e s u l t s .  The d au g h te r 

c e l l s  p roduced undergo t h e i r  p a t t e r n s  o f  d i f f e r e n t i a t i o n  w ith in  a
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new environm ent o f  m echan ical t e n s i o n s , and th e  r e s u l t a n t  a lp h a -  

h y p e rp la s t ic  m a te r ia l  c o n s is ts  o f  c e l l s  which p ro v id e  a  s a t i s f a c to r y  

h a r r i e r .  The p h y is o lo g ic a l  e f f e c t iv e n e s s  o f  th e  ep id erm is  i s  th e re b y  

re p la c e d .

T h is i n t e r p r e t a t i o n  does n o t remove th e  p o s s i b i l i t y  t h a t  th e  

b e ta  la y e r  p la y s  a  p a r t i a l  r o le  in  p ro v id in g  a  b a r r i e r  in  norm al e p i ­

d e rm is . The h y p o th e s is  su g g es ted  above i s  in h e r e n t ly  u n te s ta b le  

s in c e “no form o f  m ic ro sco p ic  exam ination  cou ld  r e v e a l  " c rac k s"  be ­

tw een m atu re  a lp h a  c e l l s ,  a lth o u g h  i f  b reakage  o c c u rs , such m ight be 

v i s i b l e  w ith  e le c tro n -m ic ro sc o p ic  s tu d y .

SECTION IV. CWL DURING THE RENEWAL PHASE

Throughout th e  t h e s i s  th e  im portance  o f  th e  k e r a t in iz e d  la y e r s  

as  b a r r i e r s  to  w a te r  lo s s  has been  s t r e s s e d .  A lso , th e  th ic k n e s s  o f  

th e  b a r r i e r  has been s t r e s s e d  as th e  most im p o rtan t d e te rm in an t o f  

CWL, f o r  example in  e x p la in in g  th e  r a t e  o f  CWL a f t e r  sh ed d in g , th e  

r a t e  o f  CWL d u rin g  th e  r e ta in e d  shed c o n d it io n , and th e  r a t e  o f  r e ­

tu r n  o f  th e  p e rm e a b il i ty  b a r r i e r  a f t e r  s t r ip p in g .  However, d u rin g  

th e  renew al phase  o f  th e  norm al shedd ing  c y c le ,  th e  o u te r  k e r a t in iz e d
A

l a y e r s  do no t change t h e i r  th ic k n e s s ,  and y e t  th e  r a t e  o f  CWL in ­

c r e a s e s .  How can t h i s  phenomenon be  ex p la in ed ?

In  th e  in tegum ents  o f  most am nio tes th e  p ro d u c tio n  o f  ep iderm al 

c e l l s  and t h e i r  k e r a t in iz a t io n  i s  a  c o n s ta n t p ro c e s s . The d is ta n c e  

betw een th e  p o in t  where a  c e l l  d ie s  and where i t  lo s e s  i t s  a t t a c h ­

m ents to  n e ig h b o rin g  l i v in g  c e l l s  i s  r e l a t i v e l y  s h o r t .  In  a d d i t io n ,  

th e  in tegum ents  o f  most am nio tes la c k  s c a le s .  However, in  le p id o -
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s a u r s ,  th e  to p o g rap h ic  r e l a t io n s h ip  betw een th e  m ature c o r n i f ie d  e l e ­

m ents and th e  g e rm in a l p o p u la tio n  w hich e x i s t s  th ro u g h o u t th e  r e s t i n g  

p h a se , i s  d is ru p te d  d u rin g  th e  renew al phase  by th e  p ro d u c tio n  o f  a  

new in n e r  ep id erm al g e n e ra t io n . F u rth erm o re , le p id o s a u rs  f r e q u e n t ly  

have s m a ll ,  curved  (g r a n u la r )  s c a le s .  As th e  renew al p ro c e ss  o c c u rs ,  

e i t h e r  th e  k e r a t in iz e d  la y e r s  must be pushed o u tw ard s , o r  th e  germ i­

n a l  p o p u la tio n  must be pushed in w ards: th e  fo rm er p o s s i b i l i t y  w i l l

be examined f i r s t .
t-

The s i t u a t i o n  f o r  th e  a lp h a  la y e r  w i l l  be  examined f i r s t  s in c e  

most o f  th e  ev idence  o b ta in e d  in  t h i s  t h e s i s  in d ic a te s  t h a t  t h i s  i s  

th e  main p e rm e a b il i ty  b a r r i e r  in  squam ates. The a lp h a  la y e r  i s  to  an 

e x te n t  e x te n s ib le ,  th e  e x ac t amount depending  on th e  m o is tu re  con­

t e n t  o f  th e  k e r a t in .  However, i f  a  la r g e  c r i t i c a l  s t r e s s  i s  a p p l ie d ,  

t h i s  la y e r  would c rack  o r become so d i s t o r t e d  t h a t  i t s  b a r r i e r  p ro ­

p e r t i e s  would be compromised. B efore  th e  e f f e c t s  o f  a lp h a  c ra c k in g  

on th e  r a t e  o f  CWL can be a n a ly z e d , th e  p re d ic te d  in c re a s e  in  s k in  

su r fa c e  a re a  d u rin g  th e  renew al phase must be  e s tim a te d . The s u r fa c e  

a re a  o f  th e  a lp h a  la y e r  w i l l  in c re a s e  most d u rin g  grow th i f  th e  s c a le  

i s  s p h e r ic a l .

Tokay g u la r  b io p s ie s  r e p re s e n t in g  t y p i c a l  s ta g e s  o f  th e  shedd ing  

c y c le  w ere examined under o i l  im m ersion t o  de te rm in e  th e  th ic k n e s s  o f  

th e  a lp h a  la y e r  ( t a b le  39)• For th e  r e s t i n g  p h a se , and th e  f i r s t  

s ta g e s  o f  th e  renew al p h a se , th e  th ic k n e s s e s  o f  th e  b e ta  l a y e r ,  th e  

a lp h a  l a y e r ,  and th e  su b ja c e n t immature c e l l s  were d e te rm in ed . Dur­

in g  th e  mid and l a t e  renew al p h a se s , th e  c e l l s  p rox im al to  th e  o u te r  

a lp h a  la y e r  can be su b d iv id ed  in to  th r e e  g ro u p s: th e  c e l l s  betw een

th e  in n e r  b e ta  l a y e r  and th e  o u te r  a lp h a  la y e r  ( in c lu d in g  th e  o u te r
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Tahle 39. The thickness of the epidermal layers (in microns)
d u rin g  th e  shedd ing  c y c le .

L iv in g  Between

S tag e No. Bo Ao la y e r s Ao and Bi Bi Below

PS 8 5 .1 2 .0 lU .6

pR 10 5 .1 2 .2 1 1 .7

3 7 8 .0 2 .8 1 7 . U

lU 13 5 .8 3 .7 8 .1 1U.7 13 .0

5 6 6 .0 k.Q 3 .3 1 0 .7 20 .5
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la c u n a r  t i s s u e ,  th e  o u te r  c l e a r  l a y e r ,  and th e  in n e r  O berhautchen) ; 

th e  in n e r  b e ta  l a y e r ;  and th e  ep id erm al c e l l s  b e n ea th  th e  in n e r  b e ta  

la y e r  ( in c lu d in g  th e  p resum ptive  mesos and a lp h a  c e l l s ,  and th e  s t r a ­

tum g erm ina tivum ).

S e v e ra l s c a le s  were p ro je c te d  and th e  o u t l in e  o f  th o s e  s c a le s  

w hich most c lo s e ly  f i t t e d  th e  a rc  o f  a  c i r c l e  w ere t r a c e d .  A chord 

c o n n ec tin g  th e  ends o f  th e  a rc  was draw n, a  r i g h t  a n g le  b i s e c to r  was 

c o n s tr u c te d ,  and ex tended  u n t i l  i t  i n te r s e c te d  th e  a r c .  The r a d iu s  

was found by app rox im ation  (mean 899*1** m ic ro n s , n  = 7) w ith  th e  a id  

o f  a  com pass. The s u r fa c e  a re a  o f  th e  c o rre sp o n d in g  sp h ere  was de­

te rm in ed  ( lm r2 ) . S ince  th e  d is ta n c e  betw een th e  basem ent membrane 

and th e  o u te r  a lp h a  la y e r  d u rin g  th e  p e r f e c t  r e s t i n g  c o n d itio n  i s  

1 1 .7  m ic ro n s , and d u rin g  s ta g e  I* i t  i s  35*8 m ic ro n s , th e  in c re a s e  in  

th e  le n g th  o f  th e  r a d iu s  w hich d e s c r ib e s  th e  s c a le  i s  2 k . 1 m ic ro n s . 

The s u r fa c e  a re a  o f  th e  l a t e  renew al s c a le  i s  th e r e f o r e  105. M  as 

g re a t  as  d u rin g  th e  r e s t i n g  c o n d it io n . Thus th e  a lp h a  la y e r  must en­

la r g e  5.k%.  The same g e n e ra l  co n c lu s io n  was found by exam ining th e  

th ic k n e s s  o f  v a r io u s  ep iderm al la y e r s  f o r  a  s in g le  in d iv id u a l  f o r  a  

s in g le  shedding  c y c le  ( t a b l e  1*0). S ince  none o f  th e s e  s c a le s  i s  

a c tu a l ly  a  s p h e re , th e s e  e s tim a te s  o f  s t r e tc h in g  a re  ex ag g e ra ted  

maxima.

I f  th e  a lp h a  la y e r  c ra c k s ,  5***# o f  th e  s c a le  w i l l  n o t be cov­

e red  by th e  main b a r r i e r .  Could such a  sm all p e rc e n t in c re a s e  ac ­

count fo r  a d o u b lin g  o f  th e  r a t e  o f  CWL which i s  o f te n  found d u rin g  

th e  renew al phase?

The p e rm e a b il i ty  o f  a  s p o tte d  membrane i s  eq u a l to  th e  perme­

a b i l i t y  o f  each  ty p e  o f  s u r fa c e  m u l t ip l ie d  by i t s  f r a c t i o n a l  a re a  o f
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T ahle  1*0. The th ic k n e s s  o f  th e  ep id erm al la y e r s  ( in  m icrons) 

d u rin g  th e  shedding  c y c le  o f  a  s in g le  to k a y .

Days Days

p o s t­ p re ­ E piderm al L iv in g Between

shed shed s ta g e Bo Ao la y e r s Ao and Bi Bi Below Bi

2 23 PS 7 1 21

5 20 pR 5 2 15

8 17 1R 2 20

11 ll* e3 1* 1 19

15 10 m3 5 2 25

18 7 el* 1* 2 8 8 11

21 l* ll* 5 1 5 ll* 16

23 2 5 l* 3a 5 18.5

25 0 6 6 1 17

a .  T h ickness o f  Ao + l i v in g  la y e r s
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th e  membrane, o r ,

k t o t a l  = I a  k + -f A k (8)p J c r  p e r  J a pa

-f-A X D IA X D X k
= c r . _  c r  + L g _  «-----S. (9 )

w here "a lp h a"  r e p r e s e n ts  th e  norm al b a r r i e r ,  and " c r"  th e  p la c e s

w here i t  i s  c rack ed  ( f o r  o th e r  a b b re v ia t io n s  see  p . 1 9 7 ) .

I f  A = 0 . 0 5 *  th e n  A = 0 - 9 5 ,  c r  a

i f  8 = 2 . 5  X 10_tt cm,

i f  Dq = 10~10 cm2/s e c  (a  t y p i c a l  mammalian v a lu e ,  see  S ch eu p le in

and B lan k , 1971)>

i f  Dc r  = 0 .257 cm2/s e c  ( d i f f u s io n  c o e f f i c i e n t  o f  w a te r  vapo r in

a i r ,  see  M o n te ith , 197 3 ),

and i f  km -  2800 (a  t y p i c a l  mammalian v a lu e ,  see  S ch eu p le in  and

B lan k , 1971)> th e n :

norm al k = 1 .12  X 10~2 cm /hr.P
The p e rm e a b il i ty  c o e f f i c i e n t  i f  5% o f  th e  b a r r i e r  i s  c rack ed  i s :

k ,  ̂ \ = 5 .1^  X 101 cm /h r,p ( c r  + a)

th e n  th e  in c re a s e  in  CWL would be k,59  X 10^.

CWL does n o t in c re a s e  1*000 tim e s  d u rin g  th e  renew al p h a se , s in c e  

th e s e  c a lc u la t io n s  a re  based  on th e  assum ption  t h a t  s c a le s  a re  b a s i ­

c a l l y  s p h e r ic a l ,  and p ro b ab ly  b ecause  th e  a lp h a  l a y e r  i s  n o t th e  o n ly

b a r r i e r .  The im p o rtan t p o in t  i s  however t h a t  k e r a t i n  i s  so imperme­

a b le ,  t h a t  i f  i t  i s  m is s in g , even in  o n ly  a  few re g io n s ,  CWL in ­

c re a s e s  d ra m a tic a l ly .

A lthough th e r e  i s  ev idence  t h a t  th e  c l e a r  la y e r  c ra c k s  j u s t  be­

fo re  shedding  (M aderson, Mayhew, and S p rague , 1970, f i g .  8 ) ,  th e r e  i s  

no d i r e c t  ev id en ce  t h a t  th e  a lp h a  la y e r  c ra c k s . I f  we assume th a t
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th e  p u ta t iv e  c rack s  a re  sm all -  p o s s ib ly  one m icron o r  l e s s ,  th e n  

th e y  would have a  d ram atic  e f f e c t  on CWL. S ch eu p le in  (p e rs o n a l com­

m u n ica tio n ) rem arked th a t  th e  h y p o th e s ize d  c rack ed  a lp h a  la y e r  m ight 

he th o u g h t o f  as a p ie c e  o f  s in te r e d  g la s s .

Even i f  th e  p o s tu la te d  amount o f  s t r e tc h in g  does n o t cause  th e  

a lp h a  l a y e r ,  a n d /o r  i t s  c o n s t i tu e n t  c e l l s  t o  c ra c k , i t  m ight cause  

changes in  t h e i r  m acrom olecular o rg a n iz a tio n  ( f i l a m e n t - l ip id  m a tr ix )  

th u s  in f lu e n c in g  t h e i r  p e rm e a b il i ty  c o e f f i c i e n t s .  Such macromolecu­

l a r  changes cou ld  c e r t a in l y  account f o r  th e  deg ree  o f  in c re a s e  in  

CWL w hich ap p ea rs  t o  c h a r a c te r iz e  th e  renew al p h ase .

A nother p o s s i b i l i t y  i s  t h a t  d u rin g  th e  renew al phase th e  germ i­

n a l  p o p u la tio n  m ight move inw ards a s  new d au g h te r c e l l s  a re  p roduced . 

T h is  would mean th a t  th e  in c re a s e  in  ep id erm al h e ig h t d u rin g  th e  r e ­

newal phase i s  accom panied by a  d e c rea se  in  th e  s iz e  o f  th e  d e rm is , 

e i t h e r  by c o n d e n sa tio n , r e a b s o rp t io n ,  c r o s s - s l id in g  (a s  in  th e  m uscle 

f i b e r ) ,  v a s o c o n s t r ic t io n ,  o r  m o is tu re  l o s s .  A d e c rea se  in  th e  s iz e  

o f  th e  derm is i s  e s p e c ia l ly  a p p ea lin g  i f  th e  b e ta  l a y e r  a c ts  a s  an 

u n s t r e tc h a b le  b ra c e . The f a c t  t h a t  th e  rem oval o f  th e  b e ta  la y e r  

c au ses  th e  s c a le  to  bu ck le  in d ic a te s  t h a t  n o rm a lly  th e  derm is would 

te n d  t o  c o n tra c t  and does so when th e  b e ta  l a y e r 's  h o ld  on th e  s c a le  

i s  re la x e d  by some d is tu rb a n c e .  Such a  d is tu rb a n c e  m ight be b ro u g h t 

about by th e  p ro d u c tio n  o f  new c e l l s  d u rin g  th e  renew al phase which 

would a llo w  th e  derm is to  d e c rea se  in  s iz e .

Dermal r e s o r p t io n  in  a s s o c ia t io n  w ith  shedding  h as  been de­

s c r ib e d  by Zimmerman and Pope (19^8) a s  an e s s e n t i a l  s te p  in  th e  f o r ­

m ation  o f  th e  r a t t l e  o f  r a t t l e s n a k e s .  A lthough th e y  d id  n o t i n t e r ­

p r e t  th e  fo rm atio n  o f  th e  r a t t l e  w ith  re s p e c t  t o  ep id erm al c e l l u l a r
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dynamics d u rin g  th e  shedding  c y c le ,  t h e i r  i l l u s t r a t i o n s  in d ic a te  

what p ro b ab ly  happens. At th e  tim e  o f  shedding  th e  derm is o f  th e  

o ld  d i s t a l  lo b e  o f  th e  end body (o f  th e  t a i l )  i s  re ab so rb ed  and i t s  

o v e r ly in g  b e ta  l a y e r  s h r in k s  as  i t  c o r n i f i e s .  At th e  same tim e  th e  

e lem en ts  o f  th e  o u te r  g e n e ra tio n  b eg in  to  d i s i n t e g r a t e ,  ex cep t f o r  

th e  b e ta  la y e r  which forms th e  r a t t l e  p ro p e r .

R eab so rp tio n  d u rin g  th e  renewal, p ro c e ss  h as  a ls o  been ad v o ca ted  

a s  th e  p o s s ib le  mechanism in v o lv ed  in  th e  fo rm a tio n  o f  th e  f r e e  mar­

g in  o f  th e  s c a le s  in  l i z a r d s  and snakes (Jack so n  and Reno^,1 9 7 5 ; .  

L i l ly w h ite  and M aderson, 1968). In  t h i s  case  re a b s o rp t io n  would oc­

c u r  a f t e r  th e  c e l l s  which make up th e  f r e e  m arg in  were p ro d u ced , b u t 

b e fo re  th e y  s o l i d i f i e d ,  t h a t  i s  betw een s ta g e s  3 and 6 .

I f  a  sm all amount o f  r e a b s o rp t io n  o ccu rs  d u rin g  th e  renew al 

p h a se , th e n  th e  derm is would have to  expand j u s t  a f t e r  sh ed d in g , 

o th e rw ise  a f t e r  s e v e ra l  shedd ing  c y c le s  th e  derm is would d is a p p e a r . 

A f te r  shedd ing  th e  c o r n i f ie d  la y e r s  would s o l i d i f y  on th e  expanded 

derm al te m p la te . I f  th e  expansion  o c cu rred  j u s t  b e fo re  sh ed d in g , i t  

m ight cause  th e  "u n z ip p in g "  o f  th e  c le a r  l a y e r / O berhautchen complex 

(M aderson, 1966, 197 0 ), and i t  would be th e  f i r s t  m echan ical even t 

o f  sh ed d in g .

D uring a  norm al shedd ing  c y c le ,  derm al ex pansion  does n o t ne­

c e s s a r i l y  im ply derm al a c c re t io n  as  d e sc r ib e d  by  Zimmerman and Pope 

(191+8) f o r  r a t t l e  fo rm a tio n . S tr e tc h in g  m ight be accom plished  by 

v a s o d i l a t io n .  A lthough th e r e  have been  no d e ta i l e d  s tu d ie s  r e l a t i n g  

cu taneous b lo o d  flow  t o  sh ed d in g , th e  p o s s i b i l i t y  has been  r a i s e d  by 

B runer (1 9 0 7 ), and th e  c h a r a c t e r i s t i c  im m ig ra tion  o f  b lo o d  c e l l s  d u r­

in g  th e  snake renew al phase (M aderson, 1965b ) o b v io u s ly  in v o lv e s  th e
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v a s c u la tu re  in  some way.

I f  derm al r e g re s s io n  and ex pansion  n o rm ally  o ccu r d u r in g  th e  

shedd ing  c y c le ,  th e n  th e  fo rm atio n  o f  th e  f r e e  m argin  in  some sp e­

c i e s ,  and th e  e v o lu tio n  o f  th e  mechanism p e rm it t in g  r a t t l e  fo rm a tio n  

in  c r o t a l i d s ,  would r e p re s e n t  u t i l i z a t i o n s  o f  a  u n iv e r s a l  phenomenon 

in  le p id o s a u rs .

Could changes in  derm al s t r u c tu r e  d u rin g  th e  renew al phase  he 

th e  d i r e c t  cause  o f  th e  in c re a s e  in  CWL?

I t  i s  p o s s ib le  t h a t  th e  r e g re s s io n  o f  th e  derm is m ight change 

th e  fo rc e s  a c t in g  on th e  a lp h a  l a y e r  (w hich i s  n o rm ally  s t a b i l i z e d  

by th e  opposing  a c t io n s  o f  th e  b e ta  la y e r  and th e  d e rm is ) .  Such a  

change in  fo rc e s  a c t in g  on th e  a lp h a  la y e r  m ight d is r u p t  th e  b a r r i e r ,  

and has been  invoked as  an i n t e r p r e t a t i o n  o f  th e  sudden r i s e  in  CWL 

fo llo w in g  rem oval o f  th e  b e ta  la y e r  (p . 2UU).

I f  th e r e  i s  derm al r e g re s s io n  d u rin g  th e  norm al renew al p h a se , 

y e t  a n o th e r  e x p la n a tio n  co u ld  be o f f e r e d  f o r  th e  m easured in c re a s e  

in  CWL a t  t h i s  tim e . A lthough th e r e  i s  l i t t l e  doubt t h a t  CWL in ­

c re a s e s  in  to k ay s  d u rin g  th e  renew al phase  (se e  pp . 2 ll* -2 2 0 ), t h i s  

does n o t n e c e s s a r i ly  im ply  th a t  th e  p e rm e a b il i ty  o f  th e  in tegum ent 

changes u n ifo rm ly . I t  i s  p o s s ib le  t h a t  m ere ly  h a n d lin g  th e  an im al 

w h ile  i t  i s  in  th e  renew al phase cau se s  c ra c k s  t o  form in  th e  o u te r

g e n e ra tio n : such  c rack s  m ight n o t ap p ear on a l l  s c a l e s ,  th e y  m ight
\

be la r g e  o r  s m a ll ,  and th e y  m ight be random ly d i s t r i b u t e d  a c ro s s  th e  

body s u r f a c e .  Such an e x p la n a tio n  would be in  acco rd  w ith  th e  d a ta  

r e p o r te d  in  t a b le  2J,  which in  g e n e ra l  shows t h a t  shed  m a te r ia l  mea­

su re d  in  v i t r o  i s  n o t h ig h ly  pe rm eab le , a lth o u g h  i t  i s  o c c a s io n a l ly  

more perm eable th a n  th e  in n e r  g e n e ra t io n . Such a  h y p o th e s is  i s  sup­
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p o r te d  by Dunson and R o b in so n 's  (1976) f in d in g  t h a t  th e  shed sk in  o f  

s e a  snakes was sometimes v e ry  perm eab le , though  o th e rw ise  im perm eable 

t o  w a te r . They f e e l  t h a t  th e  shed m a te r ia l  w hich was v e ry  perm eable 

had h o le s  in  i t .  On a l l  o cca s io n s  when te g u  shed  m a te r ia l  was mea­

s u re d  in  v i t r o ,  and was found to  have c r a c k s , a  v e ry  h ig h  r a t e  o f  

CWL was re c o rd ed .

F in a l ly ,  th e  observed  in c re a s e  in  CWL d u rin g  th e  renew al phase 

m ight be  due to  o th e r  f a c to r s .  The d a ta  p re s e n te d  on page UO and 

in  t a b le s  12 and 13 su g g es t t h a t  squam ates can r e g u la te  t h e i r  r a t e  

o f  CWL in  some unknown fa s h io n , and i t  must be  r e c a l l e d  t h a t  d eb a te  

s t i l l  e x i s t s  on t h i s  p o in t  in  mammalian s tu d ie s  (see  pp . 2 -3 ) .



BIBLIOGRAPHY

A insw orth , M. ( i 960) .  Methods f o r  m easuring  p e rcu tan eo u s  a b s o rp tio n . 
J .  Soc. Cosmet. Chem. 11: 69-7 8 .

A lex an d e r, N. J .  (1 9 7 0 ). Comparison o f  a lp h a  and b e ta  k e r a t in  in  
r e p t i l e s .  Z.  Z e l l . Mik. A n a t. 110: 153-165-

A lex an d e r, N. J . ,  and P . F . P a ra k k a l (1969 ) .  F orm ation  o f  a and 0 
ty p e  k e r a t in  in  l i z a r d  ep id erm is  d u rin g  th e  m o ltin g  c y c le .  Z. 
Z e l l . Mik. A n a t. 101: 72-87-

Baden, H. P . ,  and P . F . A. Maderson (1970)- M orpho log ical and b io ­
p h y s ic a l  i d e n t i f i c a t i o n  o f  f ib ro u s  p r o te in s  in  th e  am niote e p i­
d e rm is . J .  E xper. Z o o l. 17^: 225-232.

B aker, H .,an d  A. M. Kligman (1967 ) .  Measurement o f  tra n s e p id e rm a l 
w a te r lo s s  by e l e c t r i c a l  hygrom etry . A rch . D erm ato l. 9 6 : UHl- 
U52.

B a r te k , M. J . ,  J .  A. LaBodde, and H. I .  Maibach (1 9 7 2 ). Skin perm e- 
a b l i t y  in  v iv o : com parison in  r a t ,  r a b b i t ,  p ig ,  and man. J .
I n v e s t ig . D erm ato l. 58 : llU -123-

B a r t l e t t ,  P . N ., and D. M. G ates ( 1967) .  The energy  budget o f  a 
l i z a r d  on a  t r e e  t r u n k .  Ecology U8: 315-322.

B av e rs to ck , P . R. (1975). E f f e c ts  o f  v a r i a t io n s  o f  grow th r a t e  on 
p h y s io lo g ic a l  p a ram ete rs  in  th e  l i z a r d  Am phibolorus o r n a tu s . 
Comp. Biochem. P h y s io l . 51A: 619-631-

B e n e d ic t, F . G. (1932). The p h y s io lo g y  o f  l a r g e  r e p t i l e s .  C arneg ie  
I n s t . Wash. Pub. #U25, 539 PP-

B e n n e tt, A. F . ,  and P . L ic h t (1975). E v a p o ra tiv e  w a te r lo s s  in  
s c a le le s s  sn ak es . Corny. Biochem. P h y s io l . 52A: 213-215-

B e n tle y , P . J .  (1971)* E ndocrines and O sm o reg u la tio n . S p r in g e r -  
V e rla g , New Y ork, 330 pp.

B e n tle y , P . J . ,  and K. S ch m id t-N ie lsen  (1966a ) .  C utaneous w a te r 
lo s s  in  r e p t i l e s .  S c ien ce  151: 1 5 ^ -1 5 ^ 9 -

B e n tle y , P . J . ,  and K. S ch m id t-N ie lsen  (1966b ) .  Cutaneous w a te r 
lo s s  in  r e p t i l e s  (a  r e p ly ) .  S c ien ce  152: 1523.

B e rn s te in ,  M. H, (1969 ) .  Cutaneous and r e s p i r a to r y  e v a p o ra tio n  in  
p a in te d  q u a i l ,  E x e a lf a c to r ia  c h in e n s is . Amer. Z o o l. 9 : 1099.

B e rn s te in ,  M. H. (1971a). Cutaneous and r e s p i r a to r y  e v a p o ra tio n  in  
p a in te d  q u a i l ,  E x e a lf a c to r ia  c h in e n s is  d u r in g  ontogeny o f  t h e r -

-255-



- 256-

m o re g u la tio n . Comp. Biochem P h y a io l . 38: 6X1-619-

B e rn s te in , M. H. (1971b). C utaneous w a te r lo s s  in  sm all B ird s .
Condor 73: U68-U69-

B e t t l e y ,  F .  R . ( 1 9 7 0 ) .  T h e  e p i d e r m a l  h a r r i e r  a n d  p e r c u t a n e o u s  a b ­
s o r p t i o n .  I n :  I n t r o d u c t i o n  t o  B io lo g y  o f  S k i n . E d . R . H.
C h a m p io n , T . G i l lm a n ,  A. J .  R o o k , a n d  R . T . S im s ,  p p .  3 ^ 2 -  
35U.

B e t t le y ,  F . R ., and K. A. G rice  (1965 )* A method f o r  m easuring  th e  
tra n s e p id e rm a l w a te r l o s s ,  and a  means o f  in a c t iv a t in g  sweat 
g la n d s . B r i t . J .  D erm ato l. 77: 627-637•

B o g e rt, C. M ., and R. B. Cowles (19^7)- M oistu re  lo s s  in  r e l a t i o n  
to  h a b i ta t  s e le c t io n  in  some F lo r id ia n  r e p t i l e s .  Amer. Mus. 
N o v it. 1358: 1 -3 1*.

B o u v ero t, P . ,  G. H ildw ein , and D. LeGuff (1 9 7 ^ ). E v ap o ra tiv e  w a te r 
l o s s ,  r e s p i r a to r y  p a t t e r n ,  gas exchange and a c id  b a se  b a lan c e  
d u rin g  th e rm a l p a n tin g  in  Peking  ducks exposed to  m oderate h e a t .  
R e s p ir . P h y s io l . 21: 255-269.

Bradshaw, S. D. (1970). S easo n a l changes in  th e  w a te r and e l e c t r o ­
l y t e  m etabolism  o f  Am phibolorus l i z a r d s  in  th e  f i e l d .  Comp. 
Biochem. P h y s io l . 36: 689-719-

Bradshaw, S. D ., V. H. Shoem aker, and K. A. Nagy (1 972). The r o le  o f  
a d re n a l c o r t i c o s t e r o id s  in  th e  r e g u la t io n  o f  k id n ey  fu n c tio n  in  
th e  d e s e r t  l i z a r d  D ip so sau ru s  d o r s a l i s . Comp. Biochem. P h y s io l . 
U3A: 621-635-

B ru n e r, H. L. (1 907). On th e  c e p h a lic  v e in s  and s in u se s  o f  r e p t i l e s ,  
w ith  d e s c r ip t io n  o f  a  mechanism f o r  r a i s in g  th e  venous b lood  
p re s s u re  in  th e  head . Am. J_. A n a t. 7: 1-117-

B ry a n t, S. V ., A. S . B re a th n a c h , and A. D'A. B e l l a i r s  ( 1967) .  U l t r a ­
s t r u c tu r e  o f  th e  ep id erm is  o f  th e  l i z a r d  (L a c e r ta  v iv ip a r a ) a t  
th e  r e s t i n g  s ta g e  o f  th e  s lo u g h in g  c y c le .  J .  Z o o l. (Lond.)  152: 
209-219.

B urch , G. E . ,  and T. W insor (1 9 ^6 ). R ate o f  in s e n s ib le  p e r s p i r a t io n  
l o c a l ly  th ro u g h  l i v in g  and dead human s k in . A rch . I n t e r n . Med. 
7U: 1+3T-U1+U.

B u s ta rd , H. R .,  and P. F . A. Maderson (1965 ) .  The e a t in g  o f  shed 
ep id erm al m a te r ia l  i n  squam ate r e p t i l e s .  H e rp e to lo g ic a  21: 
306- 308 .

Cane, A. K ., and R. I .  C. Spearman (1967 ) .  A h is to lc h e m ic a l  s tudy  
o f  k e r a t i n i z a t i o n  in  th e  dom estic  fow l (G a llu s  g a l i u s ) . J_.
Z ool. (L ond .) 153: 337-352.



-257-

Cena, K ., and J .  L. M bnteith  (1 9 7 5 ). T ra n s fe r  p r o p e r t ie s  in  anim al 
c o a t s .  I I I .  W ater vapor d i f f u s io n .  F ro c . Roy. S o c . Lond. B 
1 88 : U13-U23.

Chew, R. M. (1955). The sk in  and r e s p i r a to r y  w a te r lo s s  o f  Perom ys- 
cus m an ic u la tu s  s o n o r ie n s is . Ecology 36: k 6 3 - b 6 j .

Chew, R. M. (1961 ) . W ater m etabo lism  o f  d e s e r t  in h a b i t in g  v e r t e ­
b r a t e s .  B io . R evs. 36 : 1 -3 1 .

Chew, R. M ., and A. E, Dammann (1961 ) .  E v ap o ra tiv e  w a te r lo s s  o f  
sm all v e r te b r a te s  as  m easured w ith  in f r a r e d  a n a ly z e r .  S c ience  
133: 38U-385.

C hiu, K. W ., and W. G. Lynn (1 9 7 0 a). The e f f e c t  o f  ACTH on th e  
s lo u g h in g  freq u en cy  o f  norm al and th y ro id e c to m iz e d  A n o lis  
c a r o l in e n s i s  ( ig u a n id a e , l a c e r t i l i a ) .  B io . B u l l . 138: 129-137*

C hiu , K. W., and W. G. Lynn (1970b). The r o le  o f  th e  th y ro id  in
sk in -sh e d d in g  in  th e  sh o v e l-n o sed  sn ak e , C h io n a c tis  o c c i p i t a l i s . 
Gen. Comp. Endo . lU : U67-^7^.

C hiu , K. W., and P . F. A. Maderson (1975). The m ic ro sco p ic  anatomy 
o f  ep id erm al g lan d s  in  two sp e c ie s  o f  gekkonine l i z a r d s ,  w ith  
some o b s e rv a tio n s  on t e s t i c u l a r  a c t i v i t y .  J .  Morph. 1^7: 23- 
kO.

C la u ssen , D. C. (1967 ) .  S tu d ie s  o f  w a te r lo s s  in  two s p e c ie s  o f  
l i z a r d .  Comp. Biochem. P h y s io l . 20: 115-129.

Cloudsley-Thom pson, J .  L. (1967 ) .  W ater r e l a t i o n s  and d iu rn a l
rhythm  o f  a c t i v i t y  in  th e  young N ile  m o n ito r Varanus n i lo t i c u s  
( L . ) .  B r i t . J_. H e rp e t. 3: 296-300.

Cloudsley-Thom pson, J .  L. (1969 ) .  W ater r e l a t i o n s  o f  th e  young N ile
c r o c o d i le .  B r i t . iJ. H e rp e t. U: 107-112.

C loudsley-Thom pson, J .  L. (1 971). The Tem perature and W ater R ela ­
t i o n s  o f  R e p t i l e s . Merrow, E ngland , 159 pp .

Cohen, A. C. (1975). Some f a c to r s  a f f e c t in g  w a te r  economy in  sn ak es . 
Comp. Biochem. P h y s io l . 51A: 361-368.

C raw ford , E. C ., and G. Kampe (1971 ) .  P h y s io lo g ic a l  re sp o n se s  o f  th e  
l i z a r d  Saurom aius obesus t o  changes in  am bient te m p e ra tu re .
Am. J_. P h y s io l . 220: 1256-1260.

C raw ford , E. C . , and K. S ch m id t-N ie lsen  (1967 ) .  Tem perature r e g u la ­
t i o n  and e v a p o ra tiv e  c o o lin g  in  th e  o s t r i c h .  Am. J .  P h y s io l . 
212: 3U7-353.

Dawson, T . J . ,  and A. J .  H u lb e rt (1 9 7 0 ). S tan d a rd  m etabo lism , body 
te m p e ra tu re , and su r fa c e  a re a s  o f  some A u s tra l ia n  m a rsu p ia ls .



- 258-

Am. J .  P h y s io l . 218: 1233-1238.

Dawson, W. R . , V. H. Shoemaker, and P . L ic h t (1966) .  E v ap o ra tiv e  
w a te r lo s s e s  o f  some sm all A u s tra l ia n  l i z a r d s .  Ecology 47: 
589- 594.

D iefenbach , C. 0 . da C. (1 973). In tegum en tary  p e rm e a b il i ty  t o  w a te r  
in  Caiman c ro c o d ilu s  and C rocodylus n i l o t i c u s  ( c r o c o d i l i a :  r e p -
t i l i a ) . P h y s io l . Z o o l. 46: 72-78 .

D m i'e l, R. (1 9 7 2 ). E f fe c t  o f  a c t i v i t y  and te m p e ra tu re  on m etabolism  
and w ater lo s s  in  sn ak es . Am. J .  P h y s io l . 223: 510-516.

Dunson, W. A ., and G. D. Robinson (1 976). Sea snake s k in :  perm eable 
to  w a te r b u t n o t to  sodium. J .̂ Comp. P h y s io l . 108B: 303-311.

E l ic k ,  G. E . ,  and J .  A. S e lan d er (1972). C om parative w a te r lo s s  in  
r e l a t i o n  to  h a b i t a t  s e le c t io n  in  sm all c o lu b r id  sn ak es . Am.
Mid. N at. 8 8 : 1*24-1*39.

E r ik s so n , G ., and L. 0 . Lamke (1971)- R eg en era tio n  o f  human e p id e r ­
mal s u r fa c e  and w a te r b a r r i e r  fu n c tio n  a f t e r  s t r ip p in g .  A cta 
Derm atoven. 51 : 169- 178 .

F e ls h e r ,  Z . ,  and S. Rothman (19U5 ) .  I n s e n s ib le  p e r s p i r a t io n  o f  s k in  
in  h y p e rk e ra to t ic  c o n d i t io n s . «T. I n v e s t ig . D erm ato l. 6 : 271-278.

F is h e ls o n , L. (1 973). O b se rv a tio n s  on sk in  s t r u c tu r e  and s lo u g h in g  
in  th e  s to n e f is h  Synaniegh v e rlim  and r e l a t e d  f i s h  s p e c ie s  as  a 
f u n c t io n a l  a d a p ta t io n  t o  t h e i r  mode o f  l i f e .  Z e i t . Z e l l . M ik. 
A n a t. 140: 497-508.

Flaxm an, B. A ., P. F. A. M aderson, G. Szabo, and S. I .  Roth (1968) .  
C o n tro l o f  c e l l  d i f f e r e n t i a t i o n  in  l i z a r d  ep id e rm is  in  v i t r o . 
D ev el. B io l . 1 8 : 354-374.

F r a s e r ,  R. D. B .,  T. P . MacRae, and G. E. Rogers (1 9 7 2 ). K e r a t in s : 
T h e ir  C om position , S t r u c tu re  and B io s y n th e s is . C h arles  C.
Thomas, S p r in g f ie ld ,  I l l i n o i s ,  304 pp.

Gans, C .,  T. K rakauer, and C. V. P a g a n e ll i  (1968 ) .  W ater lo s s  in  
sn ak es : i n t e r s p e c i f i c  and i n t r a s p e c i f i c  v a r i a b i l i t y .  Comp.
Biochem. P h y s io l . 27: 747-761.

G eorge, J .  C. (1 947). A co m parative  s tu d y  o f  th e  p e rm e a b il i ty  to
w a te r o f  th e  sk in  o f  some r e p r e s e n ta t iv e  v e r t e b r a t e s .  J_. U n iv . 
Bombay 16: 28 -32 .

Goodman, A. B .,  and A. V. Wolf (1969) .  I n s e n s ib le  w a te r l o s s  from 
human s k in  as  a  fu n c tio n  o f  am bient vapor c o n c e n tr a t io n .  J .
A ppl. P h y s io l . 26: 203-207.

G ric e , K ., H. S a l t e r ,  M. S h a r r a t t ,  and H. Baker ( 1971 ) .  Skin tern-



-259-

p e ra tu re  and tra n s e p id e rm a l w a te r l o s s .  J .  I n v e s t ig . D erm ato l. 
57 : 108- 110 .

G ric e , K. H. S a t t a r ,  and H. Baker (1972). The e f f e c t  o f  am bient hu­
m id ity  on tra n s e p id e rm a l w a ter l o s s .  J .  In v e s t i f f . D erm ato l. 58: 
3*+3-3*t6.

H a in es , H ., and C. F . S h ie ld  (1971)* Reduced e v a p o ra tio n  in  house 
m ice (Mus m u scu lu s) a cc lim a te d  to  w a te r  r e s t r i c t i o n .  Comp. 
Biochem. P h y s io l . 39A: 5 3 -6 l.

H a in es , H ., C. C iskow ski, and V. Harms (1973). A cclim atio n  to  w a te r 
r e s t r i c t i o n  in  th e  w ild  house m ouse, Mus m u scu lu s . P h y s io l . 
Z o o l. H6 : 110-128.

H a in es , H ., W. V. M acFarlane, C. S e tc h e l l ,  and B. Howard (197*0* 
W ater tu rn o v e r  and pulm ocutaneous e v a p o ra tio n  o f  A u s tra l ia n  
d e s e r t  d a sy u r id s  and m u rid s. Am. £ . P h y s io l . 227: 958-963.

H a ttin g h , J .  (1 9 7 2 a ). A com parative  s tu d y  o f  tra n s e p id e rm a l w a ter 
l o s s  th ro u g h  th e  sk in  o f  v a r io u s  a n im a ls . Comp. Biochem. 
P h y s io l . **3A: 715-718.

H a ttin g h , J .  (1972b). The c o r r e la t io n  betw een tra n s e p id e rm a l w a te r 
lo s s  and th e  th ic k n e s s  o f  ep id erm al com ponents. Comp. Biochem. 
P h y s io l . *+3A: 719-722.

H a ttin g h , J .  (1 9 7 2 c). The in f lu e n c e  o f  b lo o d  flow  on tra n s e p id e rm a l 
w a te r l o s s .  A cta  D erm ato l. 53: 365-370.

H a ttin g h , J .  (1 9 7 3 ). The r e la t io n s h ip  betw een sk in  s t r u c tu r e  and 
tra n s e p id e rm a l w a te r l o s s .  Comp. Biochem. P h y s io l. *(-5A: 685- 
688.

Hemmingsen, A. M. { i960 ) .  Energy m etabolism  r e l a t e d  to  body s iz e  
and r e s p i r a to r y  s u r f a c e s ,  and i t s  e v o lu t io n .  Copenhagen Re­
p o r ts  o f  th e  S teno  Memorial H o sp ita l  and N ord isk  I n s u l in  
L abora to rium  9 : 7-109*

H o rto n , D. R. (1 9 7 2 ). L iz a rd  s c a le s  and a d a p ta t io n .  S y s . Z o o l. 21: 
hkl -kk3.

Hudson, J .  W., D. P . D eav ers , and S. R. B rad ley  (1 9 7 2 ). A compara­
t i v e  s tu d y  o f  te m p e ra tu re  r e g u la t io n  in  ground s q u i r r e l s  w ith  
s p e c ia l  r e fe re n c e  t o  d e s e r t  s p e c ie s .  In :  C om parative P h y s io l­
ogy o f  D ese rt A nim als. Ed. G. M. 0 . M alo iy , pp . 191-213.

H u lb e r t ,  A. J . ,  and T. J .  Dawson (197*0- W ater m etabolism  in  p e ra -  
m elo id  m a rsu p ia ls  from d i f f e r e n t  en v iro n m en ts . Comp. Biochem. 
P h y s io l .  **7A: 617-633.

H u lb e r t ,  A. J . ,  and R. W. Rose (1972). Does th e  d e v i l  sw eat? Comp. 
Biochem. P h y s io l . H3A: 219-222.



- 260-

H u r lb e r t ,  S . H. ( l 9 66 ). C utaneous w a te r l o s s  in  r e p t i l e s .  S cience  
152: 1523.

Id s o n , B. (1973). W ater and th e  s k in . J .  Soc. Cosm et. Chem. 2k: 
197-212.

Ja c k so n , M. K ., and H. W. Reno (1 975). Com parative sk in  s t r u c tu r e  o f  
some f o s s o r i a l  and s u b f o s s o r ia l  le p to ty p h lo id  and c o lu b r id  
sn ak es . H e rp e to lo g ic a  31: 350-359*

J e le n k o , C. (1967). S tu d ie s  in  b u rn s  1 . W ater lo s s  from th e  body 
s u r f a c e .  Ann. S u rg . 165: 83- 96 .

J e n k in s ,  H. L . ,  and J .  T re is e  (1969 ) .  An a d h es iv e  ta p e  s t r ip p in g  
te c h n iq u e  f o r  ep iderm al h is to lo g y .  J .  Soc. Cosmet. Chem. 20:
U51-U66.

Johns, , C .,  and S. S h u s te r  (1969). The measurement o f  t r a n s e p id e r ­
mal w a te r l o s s .  B r i t . J .  D erm ato l. 8 l ,  Supp. 1*: 1+0-U6.

K h a l i l ,  P . ,  and G. A bdel-M esseih  (1 9 5 ^ ). W ater c o n te n t o f  t i s s u e s  
o f  some d e s e r t  r e p t i l e s  and mammals. J .  E xper. Z o o l. 125:
1*07- 1*11*.

K h a l i l ,  F . , and G. A bdel-M esseih  (1959a). W ater, n i tro g e n  and l i p i d s  
c o n te n t o f  t i s s u e s  o f  V aranus g r is e u s  Daud. Z. V erg . P h y s io l . 
1*2: 1+03-1+09.

K h a l i l ,  F . ,  and C. A bdel-M esseih  (1959b) .  The s to ra g e  o f  e x t r a  w a te r  
by v a r io u s  t i s s u e s  o f  V aranus g r is e u s  Daud. Z. V erg. P h y s io l . 
k2:  1*15- 1121.

K h a l i l ,  F . , and G. A bdel-M esseih  (1961 ) .  The s to ra g e  o f  e x t r a  w a te r 
by v a r io u s  t i s s u e s  o f  U rom astix  a e g y p tia  (F o r s k a l) .  Z.  V erg. 
P h y s io l . 1*5: 78- 8 1 .

K h a l i l ,  F . ,  and G. A bdel-M esseih  (1 9 6 2 ). T issu e  c o n s t i tu e n ts  o f  re p ­
t i l e s  in  r e l a t i o n  t o  t h e i r  mode o f  l i f e  1 . W ater c o n te n t .
Comp. Biochem. P h y s io l . 5: 327-330.

K lau b er, L. M. (1 9 5 6 ). R a t t le s n a k e s : T h e ir  H a b its , L ife  H i s t o r i e s ,
and In f lu e n c e  on Mankind. U niv. C a l i f .  P r e s s ,  B e rk e le y , 11*76
pp.

K le ib e r ,  M. (1961 ) .  The F ir e  o f  L i f e . W iley , New York, 1+5*+ pp.

K ligm an, A. M. (196I*). The b io lo g y  o f  th e  s tra tu m  corneum. In :
The E p id e rm is . Ed. W. Montagna and W. L o b itz . pp . 387-1+33.

K rak au er, T. (1970). The e c o lo g ic a l  and p h y s io lo g ic a l  c o n tro l  o f  
w a te r  lo s s  in  sn ak es . D is s e r t a t io n ,  U. F l a . ,  56 pp .

K rak au er, T . ,  C. Gans, and C. V. P a g n e ll i  ( 1968) .  E c o lo g ic a l c o r r e -



- 261-

l a t i o n  o f  w a te r  lo s s  In  burrow ing r e p t i l e s .  N atu re  218: 659- 
660 .

K ropach, C .,  and J .  D. Soule (1 973). An u n u su a l a s s o c ia t io n  betw een 
an e c to p ro c t and a  sea  snake . H e rp e to lo g ic a  29: 17-19-

Lamke, D. 0 . ,  and B. Wedin (1971)- W ater e v a p o ra tio n  from  norm al
s k in  under d i f f e r e n t  en v iro n m en ta l c o n d i t io n s .  A cta  D erm atoven. 
51: 111-119.

L a s iew sk i, R. C ., A. L. A c o s ta , and M. H. B e rn s te in  (1966a ) .  Evapo­
r a t i v e  w a te r l o s s  in  b i r d s  1 . C h a r a c te r i s t i c s  o f  th e  open flow  
method f o r  d e te rm in a tio n  and t h e i r  r e l a t i o n  to  s t im u la te s  o f  
th e rm o re g u la to ry  a b i l i t y .  Comp. Biochem. P h y s io l . 19 : UU5—1+57*

L as iew sk i, R. C ., A. L. A c o sta , and M. G. B e rn s te in  (1966b). Evapo­
r a t i v e  w a te r l o s s  in  b i r d s  2. A m o d ified  method f o r  d e te rm in a ­
t i o n  by d i r e c t  w eigh ing . Comp. Biochem. P h y s io l . 19 : ^59-^70.

L a s iew sk i, R. C ., M. H. B e r n s te in ,  and R. D. Ohmart (1 9 7 2 ). C utane­
ous w a te r lo s s  in  th e  ro ad ru n n e r and p o o rw il l .  Condor 73: 
1+70-1+72.

L ee, P . ,  and K. S ch m id t-N ie lsen  (1971)- R e s p ira to ry  and cu taneous 
e v a p o ra tio n  in  th e  z e b ra  f in c h :  e f f e c t  on w a te r b a la n c e . Am.
J .  P h y s io l . 220: 1598-1605.

L ic h t ,  P . ,  and A. F . B ennett (1 9 7 2 ). A s c a le l e s s  snake : t e s t s  o f
th e  r o le  o f  r e p t i l i a n  s c a le s  in  w a te r lo s s  and h e a t  t r a n s f e r .  
C opeia 1972: 702-707.

L i l ly w h i te ,  H. B . , and P . F . A. M aderson (1968 ) .  H is to lo g ic a l
changes in  th e  ep id e rm is  o f  th e  s u b d ig i ta l  la m e lla e  o f  A n o lis  
c a r o l in e n s i s  d u rin g  th e  shedd ing  c y c le . J_. Morph. 125: 379- 
1+0 2 .

M achin, J .  (1969 ) .  P a s s iv e  w a te r  movements th ro u g h  th e  sk in  o f  th e  
to a d  Bufo m arinus in  a i r  and in  w a te r . Am. J_. P h y s io l . 216: 
1562-1568.

M acM illan, R. E . ,  and A. K. Lee (1 9 6 7 ). A u s t r a l ia n  d e s e r t  m ice: in ­
dependence o f  exogenous w a te r . S c ien ce  158: 383-385*

M aderson, P . F . A. (1 9 6 5 a). The s t r u c tu r e  and developm ent o f  th e
squam ate e p id e rm is . In :  B io logy  o f  Sk in  and H a ir Growth. Ed.
A. G. Lyne and B. F . S h o r t ,  p p . 129-153.

M aderson, P . F . A. (1965b ) .  H is to lo g ic a l  changes in  th e  ep iderm is 
o f  snakes d u rin g  th e  s lo u g h in g  c y c le .  J_. Z o o l. ( Lond. ) lU6: 
98-113.

M aderson, P . F . A. (1966 ) .  H is to lo g ic a l  changes in  th e  ep id erm is  
o f  th e  to k ay  ( Gekko g eck o ) d u rin g  th e  s lo u g h in g  c y c le .  J .



- 262-

Morph. 119: 39-50.

M aderson, P . F . A. (1 9 6 8 ). O b se rv a tio n s  on th e  ep id erm is  o f  th e  t u a -  
t a r a  ( Sphenodon p u n c ta tu s ) .  J .  A nat. 103: 311-320.

M aderson, P . F . A. (1 9 7 0 ). L iz a rd  hands and l i z a r d  g la n d s : models
fo r  e v o lu tio n a ry  s tu d y . Forma e t  F u n c tio  3: 179-20^•

M aderson, P . F . A. (1 9 7 2 a). Why? When? and How?: some sp e c u la ­
t i o n s  on th e  e v o lu tio n  o f  th e  v e r te b r a te  in teg u m en t. Amer.
Z o o l. 12: 159-171.

M aderson, P . F . A. (1972b). On how an a rc h o sa u r ia n  s c a le  m ight have 
g iv en  r i s e  t o  an a v ia n  f e a th e r .  Amer. H a t. 106: U2U—U28.

M aderson, P . F . A ., and P . L ich t (1967)• E piderm al morphology and 
s lo u g h in g  freq u en cy  in  norm al and p r o la c t in  t r e a t e d  A n o lis  
c a r o l in e n s is  ( ig u a n id a e , l a c e r t i l i a ) .  J .  Morph. 123: 157-172.

M aderson, P . F . A ., and S. I .  Roth (1 972). A h i s to lo g ic a l  s tu d y  o f  
th e  e a r ly  s ta g e s  o f  wound h e a lin g  in  l i z a r d s  in. v ivo  and in  
v i t r o . J_. E xper. Z o o l. 180: 175-186,

M aderson, P . F. A ., K. W. C hiu, and J .  G. P h i l l i p s  (1970a). Endo­
c r in e -e p id e rm a l r e la t io n s h ip s  in  squam ate r e p t i l e s .  In :  Hor­
mones and th e  E nvironm ent. Mem. Soc. Endo. Ed. G. K. Benson 
and J .  G. P h i l l i p s .  18: 259-28U.

M aderson, P . F . A ., K. W. C hiu , and J .  G. P h i l l i p s  (1970b). Changes 
in  th e  ep id erm al h is to lo g y  d u rin g  th e  s lo u g h in g  c y c le  in  th e  
r a t  snake P ty as  k e r ru s  S ch eg e l, w ith  c o r r e la te d  o b se rv a tio n s  on 
th e  th y r o id  g la n d . B io . B u l l . 139: 30^-312.

M aderson, P . F . A ., W. W. Mayhew, and G. Sprague (1 9 7 0 ). Observa­
t i o n s  on th e  ep id e rm is  o f  d e s e r t  l i v i n g  ig u a n id s . <J. Morph.
130: 25-36 .

M aderson, P . F . A ., B. A. Flaxm an, S. I .  R o th , and G. Szabo (1972). 
U l t r a s t r u c tu r a l  c o n tr ib u t io n s  t o  th e  i d e n t i f i c a t i o n  o f  c e l l  
ty p e s  in  th e  l i z a r d  ep id erm al g e n e ra t io n . J .  Morph. 136: 191- 
210 .

M ali, J .  W. H. (1 956). The t r a n s p o r t  o f  w a te r th ro u g h  th e  human e p i­
d e rm is . J_. In v e s t  i g . D erm ato l. 27: U5I-H 69 .

M alk inson , F . D. (196^ ) .  P e rm e a b ili ty  o f  th e  s tra tu m  corneum. In :  
The E p id erm is . Ed. W. Montagna and W. L o b itz . pp. i+35-^52.

M a to ltsy , A. G ., and T. H uszar (1972). K e r a t in iz a t io n  o f  th e  re p ­
t i l i a n  e p id e rm is : An u l t r a s t r u c t u r a l  s tu d y  o f  t u r t l e  s k in . J..
U l t r a .  R es. 38: 87-101.

M a to ltsy , A. G ., A. S ch ro g g e r, and M. M ato ltsy  (1962) .  O b se rv a tio n s



-263-

on th e  re g e n e ra t in g  sh in  h a r r i e r .  J .  I n y e s t i g . D erm ato l. 38: 
251-253.

M innich , J .  E. (1970). E v ap o ra tiv e  w a te r lo s s  from th e  d e s e r t  ig u a ­
n a , D ip sosau rus d o r s a l i s . C opeia 1970: 575-578.

M o n te ith , J .  L. (1 9 7 3 ). P r in c ip le s  o f  E nvironm ental P h y s ic s . Ameri­
can  E l s e v ie r ,  New Y ork, 2Ul pp.

M orgareidge, K. R .,  and H. T. Hammel (1 975). E v a p o ra tiv e  w a te r lo s s  
in  box t u r t l e s :  e f f e c t s  o f  r o s t r a l  b r a in  stem  and o th e r  tem per­
a tu r e s .  S c ien ce  187: 366-368.

Munsey, L. D. (1 9 7 2 ). W ater lo s s  in  f iv e  s p e c ie s  o f  l i z a r d s .  Comp.
Biochem. P h y s io l . ^3A: 781-79k.

Neuman, C ., A. E. Cohn, and G. E. Burch (1 9 ^1 ). A q u a n t i t a t iv e  me­
th o d  f o r  th e  m easurement o f  th e  r a t e  o f  w a te r lo s s  from sm all 
a r e a s ,  w ith  r e s u l t s  o f  f in g e r  t i p ,  to e  t i p  and p o s te r o - s u p e r io r  
p o r t io n  o f  th e  p in n a  o f  norm al r e s t i n g  a d u l t s .  Am. J .  P h y s io l . 
132: 7^8-756.

N o r r is ,  K. S. (1967 ) .  C olor a d a p ta t io n  in  d e s e r t  r e p t i l e s  and i t s  
th e rm a l r e l a t i o n s h ip s .  In :  L iza rd  E co logy : A Symposium. Ed.
W. W. M ils te a d . pp . 162-229-

O n k e n , H . D . ,  a n d  C . A . M oyer ( 1963) .  T he w a t e r  b a r r i e r  i n  hum an 
e p i d e r m i s .  A r c h . D e r m a to l . 87 : 5 8 U -5 9 0 -

P a ra k k a l, P . F . ,  and N. J .  A lexander (1 972). K e r a t in iz a t io n , a  Sur­
vey o f  V e r te b ra te  E p i th e l i a . Academic P r e s s ,  New York, 59 pp.

P e t tu s ,  D. (1958). W ater r e la t io n s h ip s  in  N a tr ix  s ip e d o n . Copeia 
1958: 207-211.

P in so n , E . A. (1 9 ^ 2 ). E v ap o ra tio n  from human sk in  w ith  sweat g lan d s 
i n a c t iv a te d .  Am. 3.  P h y s io l . 137: U92-503.

P ran g e , H. D ., and K. S ch m id t-N ie lsen  (1969 ) .  E v ap o ra tiv e  w a te r lo s s  
in  sn ak es . Comp. Biochem. P h y s io l . 28: 973-975.

R ie g e r , M. M., and D. E. Deem (1 9 7 ^). Skin  m o is tu r iz e r s :  methods
f o r  m easuring  w a te r r e g a in ,  m echan ical p r o p e r t i e s ,  and t r a n s e p i ­
derm al m o is tu re  lo s s  o f  s tra tu m  corneum. £ .  Soc. Cosmet. Chem. 
25: 239-252.

R o b e r ts , L. A. (1 9 6 8 ). W ater lo s s  in  th e  d e s e r t  l i z a r d  U ta s ta n s -  
b u r ia n a . Comp. Biochem. P h y s io l . 27: 583-589.

R ose, F . L. (1969 ) .  D e s ic c a tio n  r a t e s  and te m p e ra tu re  r e l a t io n s h ip s  
o f  T errap en e  o rn a ta  fo llo w in g  s c u te  rem oval. Southw est N a t.
Ik:  67-72 .



-261*-

R oth , S . I . ,  and W. A. Jones {1967 ) .  The u l s t r a s t r u c t u r e  and enzymat­
i c  a c t i v i t y  o f  th e  boa c o n s t r i c t o r  ( C o n s tr ic to r  c o n s t r i c to r )  
sk in  d u rin g  th e  r e s t in g  p h ase . J .  U l t r a . R es . 18: 30l*-323.

R oth , S. I . ,  and W. A. Jones (1970 ) .  The u l t r a s t r u c t u r e  o f  ep iderm al 
m a tu ra tio n  in  th e  sk in  o f  th e  boa c o n s t r i c t o r  ( C o n s tr ic to r  con­
s t r i c t o r ). J .  U l t r a . R es. 32: 69-93 .

R u i b a l ,  R . (1968 ) .  T h e u l t r a s t r u c t u r e  o f  t h e  s u r f a c e  o f  l i z a r d  
s c a l e s .  C o p e ia  1968 : 698- 703*

S c h e u p le in , R. J .  (1 972). P r o p e r t ie s  o f  th e  sk in  as  a  membrane. In : 
Advances in  B io logy  o f  th e  S k in , V o l. 1 2 : Pharm acology o f  th e
S k in . Ed. W. M ontagna, E. J .  Van S c o t t ,  and R. B. S tough ton , 
p p . 125-152.

S c h e u p le in , R. J . ,  and I .  H. B lank (1 9 7 1 ). P e rm e a b ili ty  o f  s k in .
P h y s io l . Rev. 51: 702-7**7.

Schmid, W. D. (1972). N octu rna lism  and v a r ia n c e  in  am bient vapor
p re s s u re  o f  w a te r . P h y s io l . Z o o l. 1*5: 302-309*

S c h m i d t - N i e l s e n ,  K. (1969 ) .  T he n e g l e c t e d  i n t e r f a c e :  t h e  b i o l o g y  o f
w a t e r  a s  a  l i q u i d  g a s  i n t e r f a c e .  Q u a r t . R e v . B io p h y s . 2 : 283- 
30U.

S c h m i d t - N i e l s e n ,  K. (1973). How A n im a ls  W o rk . C a m b rid g e  U n iv .
P r e s s ,  London, 111* pp.

S ch m id t-N ie lsen , K ., and P. J .  B en tley  (1966 ) .  D ese rt t o r t o i s e ,  
Gopherus a g a s s i z i i : cu taneous w a te r l o s s .  N ature  250: 1*89-
1*90.

S ex to n , 0 . J . ,  and H. H eatwole (1968 ) .  An ex p erim en ta l in v e s t ig a t io n  
o f  h a b i t a t  s e le c t io n  and w a te r lo s s  in  some a n o lin e  l i z a r d s .  
Ecology 1*9: 762- 767 .

S h k o ln ik , A .,  and A. B orut (1969) .  T em perature and w a ter r e l a t i o n s  
in  two sp e c ie s  o f  sp in y  m ice (Acomys) . J .  Mammal. 50: 21*5-255.

S m ith , R. M ., and R. S u th e rs  (1969) .  C utaneous w a te r  lo s s  as  a  s ig ­
n i f i c a n t  c o n tr ib u t io n  to  te m p e ra tu re  r e g u la t io n  in  h e a t s t r e s s e d  
p ig e o n s . P h y s io lo g is t  12 : 358*

S nyder, G. K. (1971)* A daptive  v a lu e  o f  a  red u ced  r e s p i r a to r y  m etab­
o lism  in  a  l i z a r d ,  a  un ique  c a s e . R e s p ir . P h y s io l . 1 3 : 90-101.

S o k a l, R. R .,  and F . J .  R ohlf (1973). In tr o d u c t io n  to  B i o s t a t i s t i c s . 
W. H. Freem an, San F ra n c is c o , 368 pp.

Sokolov , W. (1962) .  Skin a d a p ta t io n s  o f  some ro d e n ts  t o  l i f e  in  th e  
d e s e r t .  N ature  193: 823-825-



-265-

S o u le , M. (1966 ) .  T rends in  th e  in s u la r  r a d i a t i o n  o f  a l i z a r d .
Amer. N a t. 100: U7- 6U.

S o u le , M., and W. C. K erfo o t (1972). On th e  c l im a t ic  d e te rm in a tio n  
o f  s c a le  s i z e  in  a  l i z a r d .  S y s . Z o o l. 21: 97-105.

Spearman, R. I .  C ., and P . A. A. R ile y  (1969 ) .  Comparison o f  th e
e p id erm is  and pigm ent c e l l s  o f  th e  c r o c o d i l i a  w ith  th o s e  o f  two 
l i z a r d  s p e c ie s .  Z oo l. J .  L in n . Soc. 1+8: l+53-*+66.

S p o t i l a ,  J .  R .,  and E. N. Berman (1 9 7 6 ). D e te rm in a tio n  o f  sk in  r e ­
s i s ta n c e  and th e  r o le  o f  th e  s k in  in  c o n t r o l l in g  w a te r lo s s  in  
am phibians and r e p t i l e s .  Comp. Biochem. P h y s io l . 55A: 1+07-^+H.

S p o t i l a ,  J .  R .,  0 . H. S o u le , and D. M. G ates (1 9 7 2 ). B io p h y sics  o f  
a l l i g a t o r  h e a t and c lim a te  sp ac e s . Ecology 53: 109^-1102.

S p r u i t ,  D. (1970). The w a te r b a r r i e r  o f  s t r ip p e d  and norm al s k in . 
D erm ato log ica  lU l:  5*+-59 .

S p r u i t ,  D. (1 9 7 1 ). The d iu r n a l  v a r i a t io n  o f  w a te r vapor lo s s  from 
th e  sk in  in  r e l a t i o n  t o  te m p e ra tu re . B r i t . J .  D erm ato l. 8U: 
66- 70.

S p r u i t ,  D ., and H. E. Herweyer (1967)* The a b i l i t y  o f  th e  s k in  to
change i t s  in s e n s ib le  p e r s p i r a t io n .  D erm ato log ica  13*+: 36U-370.

S p r u i t ,  D ., and K. E. M alten (1 9 7 1 ). W ater vapo r lo s s  and th e  s k in  
b a r r i e r .  T ra n s . S t . Jo h n . Hosp. D erm ato l. Soc. 57: 167-176.

S te tte n h e im , P. (1 972). The in tegum ent o f  b i r d s .  In :  Avian B io lo ­
g y , V ol. I I .  Ed. D. S . F a rn e r  and J .  R. K ing. pp . 2 -63 .

S te w a r t , G. R ., and R. S . D an ie l (1 9 7 2 ). S c a le s  o f  th e  l i z a r d  Gekko
g eck o ; s u r fa c e  s t r u c tu r e  examined w ith  th e  scann ing  e le c t r o n  
m icroscope . C opeia 1972: 252-257.

S te w a r t , G. R ., and R. S. D an ie l (1 9 7 3 ). Scanning  e le c t r o n  m ic ro ­
scope o f  s c a le s  from d i f f e r e n t  body re g io n s  o f  t h r e e  l i z a r d  
s p e c ie s .  J .  Morph. 139: 377-388.

Sweeney, T. M ., and D. T. Downing (1 9 7 0 ). The r o l e  o f  l i p i d s  in  th e
ep id erm al b a r r i e r  to  w a te r d i f f u s io n .  J .  I n v e s t ig . D erm ato l.
55: 135-11+0.

S zabo, G ., P . F . A. M aderson, S . I .  R oth , and R. M. K o stick  (1973). 
M elanocyte a c t i v i t y  in  th e  ep id erm is  o f  th e  boa c o n s t r i c t o r  
(C o n s tr ic to r  c o n s t r i c t o r )  d u rin g  th e  s lo u g h in g  c y c le .  A n a t.
Rec. 176: 377-388.

T e rc a f s ,  R. R. (1963 ) .  Phenomenes de p e rm e a b il i te  au n iv e au  de l a
peau  des r e p t i l e s .  A rch . I n t e r n . P h y s io l . Biochem. 71: 318-320.



- 266-

T e rc a f s ,  R. R .,  and E. S c h o ffe n ie ls  (1965 ) .  Phenomenes de p e rm e a b il i-  
t e  au  n iv e au  de l a  peau des r e p t i l e s .  Ann. Soc. Roy. Z o o l. B e l .
9 6 : 7 - 22 .

T h ie le ,  F . A. J . ,  and K. G. van Senden (1966 ) .  R e la tio n s h ip  Between 
sk in  te m p e ra tu re  and th e  in s e n s ib le  p e r s p i r a t io n  o f  th e  human 
s k in . J .  In v e s t  i s . D erm ato l. 1*7: 307-312.

W arhurg, M. R. (1965 ) .  S tu d ie s  on th e  w a te r economy o f  some A u s tra l­
ia n  f r o g s .  A us. J .  Z oo l. 13: 317-330.

W arburg, M. R. (1966 ) .  On th e  w a te r economy o f  s e v e ra l  A u s tra l ia n  
g eck o s, agam ids, and s k in k s . C opeia 1966 : 230-235.

W eigand, D. A ., and J .  R. G aylor (1973)- Removal o f  s tra tu m  corneum 
in  v iv o : an improvement o f  th e  c e llo p h an e  s t r ip p in g  te c h n iq u e .
J .  I n v e s t i g . D erm ato l. 60: 8U-8 7 .

W il ls ,  J .  T. (1 9 7 2 ). P e rcu tan eo u s a b s o rp tio n . In :  Pharm acology o f
th e  S k in . Ed. W. M ontagna, pp . 170-176.

W inston , P . W., and D. H. B ates { i960 ) .  S a tu ra te d  s o lu t io n s  f o r  th e  
c o n tro l  o f  h u m id ity  in  b io lo g ic a l  r e s e a rc h .  Ecology 1*1: 232- 
237.

Y oshim ura, H. (196I*). Organ system s in  a d a p ta t io n :  th e  s k in . In :  
Handbook o f  P h y s io logy , S e c tio n  1*, pp . 109 -131 .

Zimmerman, A. A ., and C. H. Pope (1 9 ^8 ). Development and grow th o f  
th e  r a t t l e  o f  r a t t l e s n a k e s .  F ie ld ia n a  Z ool. 32: 355-1*13.


