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ADAPTATIONS OF THE SNOWY PLOVER,

CHARADRIUS ALEXANDRINUS,

TO AN INLAND SALT PLAIN

INTRODUCTION

The snowy p l o v e r ,  C h a ra d r iu s  a l e x a n d r i n u s , i s  a 

s m a l l  (30 to  -̂0 g) member o f  t h e  ' C h a r a d r i i d a e .  I t  n o rm a l ly  

i n h a b i t s  a r e a s  o f  h ig h  s a l i n e  c o n t e n t — s e a  c o a s t s  and i n l a n d  

s a l t  p l a i n s  (B e n t ,  1929; R i t t i n g h a u s ,  196I ) .  I n  t h e s e  a r e a s ,  

p a r t i c u l a r l y  t h e  l a t t e r ,  th e  b i r d  i s  o f t e n  exposed  to  s t r e s s ­

f u l  th e rm a l  and o sm o tic  c o n d i t i o n s .  My o b j e c t i v e s  w ere  to  

exam ine e c o l o g i c a l ,  b e h a v i o r a l ,  and p h y s i o l o g i c a l  c h a r a c t e r ­

i s t i c s  t h a t  a l lo w  t h i s  s p e c i e s  t o  s u r v i v e  i n  th e  s a l t  f l a t s  

e n v iro n m e n t .

The r e s u l t s  and c o n c lu s io n s  o f  t h i s  s tu d y  a r e  p r e ­

s e n t e d  i n  a s e r i e s  o f  t h r e e  p a p e r s .  The f i r s t ,  p r e p a r e d  i n  

th e  s t y l e  o f The S o u th w e s te rn  N a t u r a l i s t ,  i s  a  d e t a i l e d  d e ­

s c r i p t i o n  o f  t h e  G re a t  S a l t  P l a i n s  a lo n g  w i t h  s e l e c t e d  a s ­

p e c t s  o f th e  b i r d ' s  n a t u r a l  h i s t o r y  t h a t  r e l a t e  to  s u r v i v a l  

on th e  s a l t  f l a t s .  The snowy p l o v e r ' s  a b i l i t y  t o  t o l e r a t e  

s a l t  w a te r  and t o  c o n s e rv e  w a t e r  a re  t r e a t e d  i n  th e  seco nd  

p a p e r ,  w h ich  was p r e p a r e d  f o r  an  o r n i t h o l o g i c a l  j o u r n a l ,  The

1



2
Auk. F i n a l l y ,  i n  th e  t h i r d  p a p e r ,  w r i t t e n  f o r  The Condor, 

t h e  th e rm a l  e c o lo g y  of th e  n e s t  and a s s o c i a t e d  a d u l t  b e ­

h a v i o r s  a r e  d i s c u s s e d .

LITERATURE CITED

B e n t ,  A. C. 1929. L i f e  h i s t o r i e s  o f  N o rth  A m erican sh o re  

b i r d s .  P a r t  I I .  U .S . N a t .  Mus. B u l l .  146.

R i t t i n g h a u s ,  H. 1961. Der S e e r e g e n p f e i f e r . D ie Neue 

B re h m -B u c h e re i . A. Z iem sen  V e r la g ,  W i t t e n b e r g ,  

L u t h e r s t a d t .
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NATURAL HISTORY OF THE SNOWY PLOVER 

ON THE GREAT SALT PLAINS, OKLAHOMA

James R. Purdue  

D ep artm en t o f  Z oo logy , U n i v e r s i t y  o f Oklahoma, Norman 73069

ABSTRACT. The snowy p l o v e r ,  C h a ra d r iu s  a l e x a n d r i n u s , 

i n h a b i t s  a  s a l t  f l a t s  i n  n o r t h w e s t e r n  Oklahoma t h a t  i s  h o t  

and w in dy . E v a p o r a t io n  i s  h i g h ,  v e g e t a t i o n  i s  l a c k i n g ,  and 

th e  s a l i n i t y  of th e  s t a n d in g  w a te r  i s  beyond th e  b i r d ' s  t o l ­

e r a n c e .  The p l o v e r  s u r v i v e s  by o b t a i n i n g  n o n - s a l i n e  w a te r  

th ro u g h  i t s  i n s e c t i v o r o u s  d i e t ,  r e s t r i c t i n g  i t s  a c t i v i t y  

r a n g e  to  a r e a s  n e a r  w a t e r ,  and  s t a n d in g  i n  th e  w a te r  when 

am b ien t  t e m p e r a tu r e s  a r e  h i g h .

The snowy p l o v e r ,  C h a r a d r iu s  a l e x a n d r i n u s , i s  a 

w id e - r a n g in g  s p e c i e s  fo u n d  on s i x  c o n t i n e n t s  ( s e e  

R i t t i n g h a u s ,  1961, f o r  r a n g e  m ap). B en t (1929) c h a r a c t e r i z e d  

i t  a s  p r i m a r i l y  a  c o a s t a l  b i r d  w i t h  some i n l a n d  p o p u l a t i o n s  

on a l k a l i n e  f l a t s .  I n  th e  E a s t e r n  H em isphere  snowy p l o v e r s  

a r e  a s s o c i a t e d  w i t h  s a l t y  a r e a s  i n c l u d i n g  i n l a n d  s a l t  f l a t s



5
i n  H im gary, N o r th  A f r i c a ,  and c e n t r a l  A s ia  ( R i t t i n g h a u s ,

1961) .

No e x t r a o r d i n a r y  p h y s i o l o g i c a l  m echanism s have  been  

fo u n d  f o r  t h i s  s p e c i e s  (Purdue and H a in e s ,  197^+)? w hich  

p rom pts  th e  q u e s t i o n  o f  how th e  b i r d  s u r v i v e s  i n  i n l a n d ,  

f r e s h  w a t e r - p o o r  h a b i t a t s  w here  i t  i s  exposed  to  th e  e x ­

trem es  o f  a c o n t i n e n t a l  c l i m a t e .  T h is  s tu d y  (1) d e s c r i b e s  

su ch  an  i n l a n d  a r e a  and (2) d i s c u s s e s  how th e  a d u l t  p l o v e r s  

cope w i t h  t h e i r  e n v iro n m e n t .  The th e rm a l  e c o lo g y  of th e  n e s t  

and r e l a t e d  p a r e n t a l  b e h a v io r  i s  p r e s e n t e d  e ls e w h e re  

(P u rd u e ,  197^)*

The h a b i t a t . — The G re a t  S a l t  P l a i n s ,  A l f a l f a  County ,
2

Oklahoma, o r i g i n a l l y  c o v e re d  an  a r e a  o f  a p p ro x im a te ly  M-3 mi 

( O r te n b u rg e r  and  B i r d ,  1933)* I n  19^1 an impoundment 

f lo o d e d  32^ o f  th e  s a l t  f l a t s .  Even so ,  a  v a s t  a r e a  o f u n ­

v e g e t a t e d  s a l t  f l a t s  re m a in s ;  i t  i n t e r g r a d e s  i n t o  th e  s u r ­

ro u n d in g  p r a i r i e  th ro u g h  a s e r i e s  o f  g r a s s  i s l a n d s  and 

p e n in s u l a s  ( F ig .  1 ) .  My s tu d y  a r e a ,  p ic k e d  b e ca u se  o f  a c ­

c e s s i b i l i t y  and th e  e x c l u s i o n  of th e  g e n e r a l  p u b l i c ,  was i n  

t h e  n o r th w e s t  p o r t i o n  of th e  s a l t  p l a i n s .  An a r e a  o f  49 ha  

was s t a k e d  o u t ;  t h i s  c o n s i s t e d  p r i m a r i l y  o f b a re  s a l t  f l a t s  

w i t h  two w a te r  c o u r s e s  (one c o n s t a n t  and one i n t e r m i t t e n t )  

and g r a s s  i s l a n d s  a t  th e  p e r i p h e r y  (F ig .  1 ) .

The w e a t h e r . — The Corps of E n g in e e r s ,  i n  c o n n e c t io n  

w i th  a  n e a rb y  s tu d y  o f  i t s  own, m a in ta in e d  a w e a th e r  s t a t i o n  

a b o u t  200 m S o f  th e  s tu d y  a r e a  o u t l i n e d  i n  F i g .  1. A nother



6
s t a t i o n ,  11 km ESE, was m a in ta in e d  a t  th e  G re a t  S a l t  P l a i n s  

dam. Both s t a t i o n s  k e p t  maximum and minimum d a i l y  te m p e ra ­

t u r e s ,  d a i l y  w in d ,  and d a i l y  e v a p o r a t i o n  from  a pan  k f e e t  

i n  d i a m e te r .  A t h i r d  w e a th e r  s t a t i o n  i n  C herokee , 10 km 

WSW of  th e  s tu d y  a r e a ,  o n ly  m a in ta in e d  d a i l y  maximum and 

minimum t e m p e r a t u r e s .  Com parison o f m atched  v a lu e s  f o r  th e  

t h r e e  s t a t i o n s  shows th e  e f f e c t  o f  th e  s a l t  f l a t s  on 

w e a th e r .  T w o - fa c to r  (month and l o c a l i t y )  a n a l y s i s  o f  v a r i ­

ance  t e s t s  w ere  u s e d  to  d e te rm in e  s t a t i s t i c a l  d i f f e r e n c e s .

The d a i l y  maximum and minimum te m p e r a tu r e s  i n  th e  

n o r m a l ly  v e g e t a t e d  a r e a s ,  a t  Cherokee and a t  th e  dam, w ere  

e s s e n t i a l l y  th e  same ( F ig .  2 ) ,  b u t  th e rm a l  c o n d i t i o n s  on th e  

s a l t  f l a t s  w ere  somewhat m o d e ra te d .  On th e  f l a t s  th e  m ax i­

mum t e m p e r a tu r e s  i n  th e  summer a v e ra g e d  a b o u t  2°  C c o o le r  

and  th e  minimum t e m p e r a tu r e s  a b o u t  4 °  C warmer th a n  th e  s u r ­

ro u n d in g  l o c a l i t i e s .  The w a te r  t a b l e  u n d e r  th e  s a l t  f l a t s  

i s  u s u a l l y  l e s s  t h a n  1 m below th e  s u r f a c e ,  so th e  f l a t s  

a c t  l i k e  a  l a r g e  body o f w a te r  i n  m o d e ra t in g  th e rm a l  c o n d i ­

t i o n s .  Even th o u g h  maximum te m p e r a tu r e s  a r e  s l i g h t l y  lo w er  

on th e  s a l t  f l a t s ,  th e  l a c k  o f  shade  e x p o ses  th e  p l o v e r s  

(and  o t h e r  a n im a ls )  t o  i n t e n s e  s o l a r  r a d i a t i o n .  Tem pera­

t u r e s  i n  th e  su n  commonly a r e  above ^ 0 °  C d u r in g  th e  summer 

m onths a n d , t h u s ,  a r e  p o t e n t i a l l y  s t r e s s f u l .

B oth  w ind and e v a p o r a t i o n  a r e  g r e a t e r  on th e  s a l t  

f l a t s  t h a n  a t  th e  dam (F ig .  3)* The v a s t ,  f l a t  ex panse  o f 

th e  s a l t  p l a i n s  o f f e r s  no t o p o g r a p h i c a l  o b s t a c l e s  o r
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v e g e t a t i o n  t o  slow th e  movement o f  a i r .  Of c o u r s e ,  th e  

w ind i s  an i m p o r t a n t  f a c t o r  i n  th e  g r e a t e r  e v a p o r a t i o n  on 

th e  f l a t s .

S ta n d in g  w a t e r . — The w a te r  s t a n d in g  and c o u r s in g  

th ro u g h  th e  s a l t  f l a t s  v a r i e s  c o n s i d e r a b ly  i n  s a l i n i t y  

(O r te n b u rg e r  and B i r d ,  1933)* I n  1972 and 1973 a s e r i e s  of 

sam ples  was t a k e n  from  w a te r  on and n e a r  th e  s tu d y  s i t e  

(F ig .  1 ) .  C h lo r id e  c o n c e n t r a t i o n  was m easu red  w i th  an 

A m inco-C otlove  c h l o r i d e  t i t r a t o r .  Na"̂  and c o n c e n t r a t i o n s  

w ere  d e te rm in e d  w i t h  a  f la m e  p h o to m e te r  (B a ird  Atomic Model 

KY -2). C o n d u c t iv i ty  was m easu red  w i t h  a c o n d u c t i v i t y  m e te r  

(R ad io m ete r  Model CDM 2e) and r e p o r t e d  as c o n d o s i ty  (m ola r  

NaCl e q u i v a l e n t ) .  N o ta b le  d i f f e r e n c e s  e x i s t e d  be tw een  th e  

c o n s t a n t  and i n t e r m i t t e n t  s t r e a m s  i n  1972 (T ab le  1 ) .  The 

f o u r  s t a t i o n s  a lo n g  th e  c o n s t a n t  f lo w  w a te r  c o u rs e  had  

c o n d o s i ty  v a lu e s  r a n g in g  from  312 mM a t  S t a t i o n  # 1 , w hich  

i s  a c t u a l l y  j u s t  o u t s i d e  th e  s a l t  p l a i n s ,  t o  g r e a t e r  th a n  

1000 mM from  a l l  s t a t i o n s  on t h e  f l a t s  ( S t a t i o n s  #2 th ro u g h  

# + ) .  I n  c o n t r a s t  th e  i n t e r m i t t e n t  s t r e a m s  w ere  c o n s i d e r a b ly  

s a l t i e r .  S t a t i o n  #5  was on th e  s tu d y  s i t e ,  w h i l e  S t a t i o n  

#6 was j u s t  t o  th e  s o u th ;  S t a t i o n  #7 was f a r  to  th e  s o u th  on 

th e  o p p o s i t e  s i d e  o f  t h e  G re a t  S a l t  P l a i n s  ( S t a t i o n s  2 - 5  a r e  

shown i n  F ig .  1 ) .  A l l  1972 sam ples  from  on th e  f l a t s  had 

c o n d o s i t i e s  g r e a t e r  th a n  2000 mM, and two v a lu e s  w ere  

g r e a t e r  th a n  4000 mM. Heavy r a i n s  o c c u r r e d  i n  th e  s p r i n g  i n  

1973 w hich  r e s u l t e d  i n  a  s h i f t  o f  w a t e r  c o u r s e s  so t h a t
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S t a t i o n  #5 had  a  c o n s t a n t  f lo w .  T here  was a c o r r e s p o n d in g  

d e c r e a s e  i n  i t s  s a l i n i t y  i n  1973 so t h a t  c o n d o s i ty  and o t h e r  

m easu rem en ts  w ere  c o m p arab le  t o  th e  o r i g i n a l  f lo w in g  s t r e a m .

B r i e f l y  s t a t e d ,  t h e  s a l t  f l a t s  p r e s e n t  a h a b i t a t  

t h a t  i s  p o t e n t i a l l y  s t r e s s f u l  f ro m  b o th  th e rm a l  and o sm o tic  

a s p e c t s .  H igh am b ien t  t e m p e r a tu r e s  and e v a p o r a t i o n  te n d  to  

f o r c e  t h e  b i r d s  t o  u t i l i z e  body w a te r  i n  e v a p o r a t i v e  c o o l ­

in g .  The w a te r  th u s  expended  m ust be r e p l a c e d ;  how ever, 

th e  o n ly  a v a i l a b l e  f r e e  w a t e r  on th e  s a l t  f l a t s  h a s  s a l i n ­

i t i e s  t h a t  a r e  beyond th e  t o l e r a n c e  l i m i t s  o f  th e  p l o v e r s  

(Purdue , and H a in e s ,  197*+)* I t  i s  t h e r e f o r e  p e r t i n e n t  to  

know w h a t th e  p l o v e r s  do t o  a v o id  t h e s e  p o t e n t i a l s .

S o u rc es  o f  fo o d  and w a t e r . — Along th e  c o a s t s  th e  

snowy p l o v e r  f e e d s  on c r u s t a t e a n s  and o t h e r  s m a l l  m ar in e  

o rg an ism s  (B e n t ,  1929; R i t t i n g h a u s ,  1 9 6 1 ) ,  b u t  i n l a n d ,  where 

m a r in e  i n v e r t e b r a t e s  a r e  a b s e n t ,  i t  i s  m a in ly  i n s e c t i v ­

o ro u s .  On t h e  G re a t  S a l t  P l a i n s ,  i n s e c t  d i v e r s i t y  i s  low 

b u t  th e  num bers o f  i n d i v i d u a l s  a r e  h i g h  ( O r te n b u rg e r  and 

B i r d ,  1 9 3 3 ) '  The p l o v e r ' s  d i e t  c an  be d i v id e d  i n t o  t h r e e  

m ain  c a t e g o r i e s .  F i r s t ,  huge num bers o f  B l e d i u s . a  b u rro w ­

in g  s t a p h y l i n i d  b e e t l e ,  o c c u r  on th e  f l a t s  p r o p e r .  P lo v e r s  

a r e  commonly s e e n ,  som etim es s e v e r a l  h u n d red  m e te r s  away 

from  w a t e r ,  ru n n in g  from  burrow  to  burrow  p ro b in g  f o r  t h e  i n ­

h a b i t a n t s .  Second , f l i e s —m a in ly  o f  th e  genus E p h y d ra— 

o f t e n  form  d e n se  bands c l o s e l y  p a r a l l e l i n g  th e  f r e s h e r  w a te r  

c o u r s e s .  They a r e  a b s e n t  from  th e  e x t r e m e ly  s a l i n e  p o o l s .
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The snowy p lo v e r  e x h i b i t s  a  p e c u l i a r  f o r a g i n g  b e h a v io r  i n  

w h ich  i t  s t a r t s  a t  t h e  edge o f  a f l y  a g g r e g a t i o n  and ru n s  

th ro u g h  i t  w i th  t h e  b i l l  open , s c o o p - l i k e .  The f l i e s  i n  th e  

p a th  o f  th e  b i r d  d i s p e r s e  i n  t h e  manner o f  w a t e r  s p la s h e d  by 

a h i g h - s p e e d  t r u c k  a s  i t  f o r d s  a  r i v e r .  P re su m ab ly  th e  

p l o v e r  t r a p s  one o r  more of th e  s c a t t e r i n g  f l i e s  i n  i t s  

m outh , b e c a u se  i t  q u i c k l y  sn ap s  i t s  b i l l  s h u t  and c e a s e s  i t s  

c h a r g e ,  o n ly  to  d a r t  i n t o  th e  band of f l i e s  a g a i n  a few 

se co n d s  l a t e r .  T h is  f o r a g i n g  b e h a v io r  h a s  n o t  b een  d e ­

s c r i b e d  p r e v i o u s l y  even  th o u g h  F i s h e r  (1893) r e p o r t e d  snowy 

p l o v e r s  f e e d in g  on d e n se  a g g r e g a t i o n s  o f  E p h v d ra .

The t h i r d  m a jo r  fo o d  s o u rc e  f o r  th e  p l o v e r s  i s  th e  

i n s e c t s  blown o n to  t h e  s a l t  f l a t s  from  th e  s u r ro u n d in g  v e g e ­

t a t e d  a r e a s .  Wind sp eed  o v e r  th e  p l a i n s  i s  o f t e n  h ig h  

(F ig .  3)5 and a  w ide  v a r i e t y  of i n s e c t s  su ch  a s  g r a s s h o p ­

p e r s ,  l e a f  h o p p e r s ,  l e p i d o p t e r a n s ,  and b e e t l e s  a r e  c a r r i e d  

o n to  t h e  f l a t s  by th e  w in d . O f te n  th e y  became d e b i l i t a t e d ,  

p r o b a b ly  b e c a u se  o f  th e rm a l  and o sm o tic  s t r e s s ,  and w ere  easy  

p re y  f o r  t h e  b i r d s .  T ig e r  b e e t l e s  (C i c i n d e l a  s p . )  a r e  com­

mon a ro u n d  th e  g r a s s y  i s l a n d s  a t  th e  edge o f  t h e  s a l t  f l a t s ,  

an d ,  th o u g h  n o t  d e b i l i t a t e d ,  th e y  a r e  e a t e n  on o c c a s io n .  

O r te n b u r g e r  and B i rd  (1933) a l s o  n o te d  t h a t  snowy p l o v e r s  

u t i l i z e  w in d -b o rn e  i n s e c t s .

The i n s e c t i v o r o u s  d i e t  i s  n o t  o n ly  im p o r t a n t  a s  fo o d  

b u t  a l s o  as  a  s o u r c e  o f  w a t e r .  As m e n t io n e d  b e f o r e ,  m ost i f  

n o t  a l l  o f  th e  f r e e  w a te r  on t h e  f l a t s  e x c e e d s  th e  s a l i n i t y
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t o l e r a n c e  o f th e  b i r d .  The p l o v e r s  do n o t  f l y  to  f r e s h  

w a te r  o f f  th e  f l a t s ;  I  v i s i t e d  num erous f r e s h  w a te r  p o o ls  

t h a t  w ere  n e a r  b u t  o u t s i d e  th e  s tu d y  a r e a  and n e v e r  ob­

s e rv e d  snowy p l o v e r s  a t  them. C o lo r -b a n d e d  i n d i v i d u a l s  w ere  

c o n s i s t e n t l y  l o c a t e d  i n  th e  same sm a ll  a r e a s  on th e  s a l t  

p l a i n s ,  e i t h e r  on t h e i r  f e e d in g  o r  n e s t i n g  t e r r i t o r i e s  

( m a in ta in e d  as  r e p o r t e d  by R i t t i n g h a u s ,  1 9 6 1 ) .  These  ob­

s e r v a t i o n s  s u g g e s t  t h a t  th e  p l o v e r s  do n o t  t r a v e l  to  f r e s h  

w a te r  s o u r c e s .  A lso ,  c a r e f u l  o b s e r v a t i o n s  o b t a in e d  by f o l ­

lo w in g  c o lo r -m a rk e d  i n d i v i d u a l s  f o r  s e v e r a l  h o u r s  a t  a tim e  

i n d i c a t e  t h a t  th e  b i r d s  r a r e l y  d r i n k  th e  s a l i n e  w a te r  i n  

t h e  a r e a .  The o n ly  d e f i n i t e  c a s e  o f su ch  d r i n k in g  o c c u r re d  

when I  h e l d  a  m i s t - n e t t e d  b i r d  o v e r n ig h t  w i t h o u t  fo o d  o r 

w a t e r .  Upon r e l e a s e  th e  n e x t  m orning  i t  r a n  im m e d ia te ly  to  

t h e  c o n s t a n t l y  f lo w in g  ( l e s s  s a l i n e )  s t r e a m  and d ra n k .

These n e g a t i v e  o b s e r v a t i o n s  on th e  u s e  o f f r e e  w a te r  

f o r  d r i n k in g  p u rp o s e s  do n o t  p ro v e  t h a t  i n s e c t s  c o n s t i t u t e  

th e  c h i e f  w a te r  s o u r c e .  However, i n  l a b o r a t o r y  t e s t s  Purdue 

and H a in es  (197^) showed t h a t  t h i s  may be th e  c a se  s in c e  

p l o v e r s  m a in ta in e d  t h e i r  body w e ig h ts  on a  d i e t  of mealworm 

l a r v a e  and no f r e e  w a t e r .  Bartholom ew and Cade (1963) l i s t  

s e v e r a l  d e s e r t  s p e c i e s  o f  b i r d s  t h a t  a r e  c a p a b le  o f  o b t a i n ­

in g  a d e q u a te  w a te r  from  t h e i r  fo o d .  S i m i l a r l y ,  t h e  l o n g ­

b i l l e d  m arsh  w ren  (T e lm a to d y te s  p a l u s t r i s  e r e s e u s ) l i v i n g  i n  

e x t e n s i v e  s a l t  m arshes  on th e  G eo rg ia  c o a s t  can  m a i n t a i n  

body w e ig h t  on a mealworm d i e t  f r e e  o f  d r in k in g  w a te r  (K a le ,  

1 9 6 7 ) .
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Snowy p lo v e r s  a p p a r e n t l y  do n o t  depend on th e  w a te r  

o f t h e  s a l t  f l a t s  f o r  d r i n k i n g ,  b u t  th e y  do u t i l i z e  w a te r  

c o u r s e s  as  f e e d in g  s i t e s .  T h e i r  p r e y ,  w hich  i n  p a r t  i n ­

h a b i t  th e  s t r e a m  e d g e s ,  a p p a r e n t l y  p r o v id e  th e  p l o v e r  a 

m a jo r  p o r t i o n  o f  i t s  body w a te r .

Use of s t a n d in g  w a te r  i n  t h e r m o r e g u l a t i o n . —P lo v e r s  

a r e  f r e q u e n t l y  exposed  t o  h ig h  am b ien t t e m p e r a tu r e s  on th e  

s a l t  f l a t s .  B e h a v io r  t h a t  c o u n t e r a c t s  th e  p o t e n t i a l  th e rm a l  

l o a d  i n c l u d e s  s t a n d in g  i n  o r  n e a r  th e  s a l i n e  w a t e r .

I  m arked o f f  a t r a n s e c t  a lo ng  th e  f lo w in g  w a te r  

c o u r s e ,  an d , on 8 s e p a r a t e  days i n  1972 and 1973, I  e i t h e r  

w a lked  th e  t r a n s e c t  once an h o u r  o r  u se d  a s p o t t i n g  scope  

e v e ry  15 m in u te s  be tw een  1000 and iBOO h o u rs  ( th u s  a v o id in g  

th e  p eaks  i n  f o r a g i n g  a c t i v i t y ) . The number o f  p lo v e r s  

s t a n d in g  o r  r e s t i n g  a lo n g  th e  s t r e a m  was c o u n te d ,  c o n v e r te d  

i n t o  number of b i r d s  p e r  k i l o m e t e r ,  and compared to  th e  am­

b i e n t  t e m p e r a tu r e  ( t a k e n  5 cm above th e  s u b s t r a t e  away from  

th e  w a t e r ) .  Though t h e r e  was a d i f f e r e n c e  b e tw een  th e  two 

o b s e r v a t i o n a l  m ethods (w a lk in g  was more a c c u r a t e  th a n  th e  

s i g h t i n g  t e c h n i q u e ) ,  t h e  d a t a  showed th e  same t r e n d s  and 

w ere  p o o le d  ( F ig .  4 ) .  There  was a s t a t i s t i c a l l y  s i g n i f i c a n t  

p o s i t i v e  r e g r e s s i o n  be tw een  number o f b i r d s  i n  th e  w a te r  and 

a m b ien t  t e m p e r a tu r e .  T h is  s im p le  b e h a v io r  i s  h i g h l y  a d -  

v a n ta g o u s  b e c a u se  i t  a l lo w s  th e  p lo v e r s  t o  u se  th e  s a l i n e  

w a te r  i n  e v a p o r a t i v e  c o o l in g  r a t h e r  th a n  t h e i r  own w a t e r ,  

w h ic h ,  o f  c o u r s e ,  w ould have  to  be r e p l a c e d .
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R e s t r i c t i o n  o f  a c t i v i t i e s . — I n  g e n e r a l  snowy p l o v e r s  

a r e  r e s t r i c t e d  to  th e  w a te r  c o u r s e s  on th e  s a l t  p l a i n s .  1 
made s e v e r a l  e x te n d e d  h i k e s  a c r o s s  th e  f l a t s  and te n d e d  to  

f i n d  p lo v e r s  o n ly  a ro u n d  w a t e r — th e  o n ly  a p p a r e n t  d i f f e r e n c e  

i n  th e  h a b i t a t .  T h is  i s  b o rn e  o u t  i n  t h e  p a t t e r n  o f  n e s t  

p la c e m e n t  ( F ig .  1 ) .  W ith  one e x c e p t i o n  n e s t s  w ere  l o c a t e d  

i n  bands p a r a l l e l i n g  th e  c o n s t a n t l y  f lo w in g  s t r e a m .  The 

300 X W-00 m "p a n h a n d le "  o f  th e  s tu d y  a r e a  e x te n d e d  s o u th  

from  th e  w a te r  c o u r s e .  D e s p i te  th o ro u g h  s e a r c h in g  1 fo u n d  

o n ly  one n e s t  (#13) i n  t h i s  a r e a  d u r in g  th e  1972 s e a s o n .

When a n e s t  was fo und  1 m easu red  th e  d i s t a n c e  t o  th e  

n e a r e s t  f lo w in g  w a te r  (T ab le  2 ) .  A l l  b u t  two n e s t s  w ere  

w i t h i n  200 m of th e  w a t e r .  Seven w ere  w i t h i n  50 m, b u t  

t h e s e  w ere  th e  l e a s t  s u c c e s s f u l .  H igh w a te r  s u b s e q u e n t  to  

heav y  r a i n s  a c c o u n te d  f o r  f a i l u r e s  a s  d id  n e s t  p r e d a t i o n  by a 

common crow , Gorvus b ra c h v rh v n o c h o s . t h a t  o c c a s i o n a l l y  f le w  

above th e  s t r e a m  and s p o t t e d  n e a rb y  n e s t s .  Thus, a p a r a ­

d o x i c a l  s i t u a t i o n  e x i s t e d  i n  t h a t  th e  p l o v e r s  ten d e d  to  l o ­

c a t e  t h e i r  n e s t s  c lo s e  to  w a t e r ,  y e t  n e s t s  away from  th e  

w a te r  w ere  more s u c c e s s f u l .

Snowy P lo v e r s  i n  Europe ( R i t t i n g h a u s ,  1961) and 

C a l i f o r n i a  (B e n t,  1929) n e s t e d  i n  g r a s s y  a r e a s .  Much s p a r s e  

g r a s s l a n d  was a v a i l a b l e  a ro u n d  th e  p e r i p h e r y  o f  th e  G re a t  

S a l t  P l a i n s ,  y e t  1 fo u n d  no n e s t s  i n  i t .  A l l  w ere  on th e  

f l a t s  p r o p e r .  S i m i l a r l y  R i t t i n g h a u s  (1961) and B ent (1929) 

r e p o r t e d  t h a t  n e s t s  a r e  g e n e r a l l y  l o c a t e d  by o r  i n  d e b r i s .
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R i t t i n g h a u s ,  i n  p a r t i c u l a r ,  o b se rv e d  n e s t s  w e l l  p r o t e c t e d ,  

e s p e c i a l l y  from  a b o v e .  Boyd (1972) fo u n d  i n  K ansas t h a t  

n e s t s  a r e  " o f t e n "  l o c a t e d  n e x t  t o  d e b r i s — once i n s i d e  a 

g o o se  s k e l e t o n .  At th e  G re a t  S a l t  P l a i n s  o n ly  k2% o f  th e  

n e s t s  w ere  n e x t  t o  any k in d  o f d e b r i s  a t  a l l  and m ost of 

t h e s e  w ere  a f f o r d e d  v i r t u a l l y  no p r o t e c t i o n  from  w e a th e r  o r  

p r e d a t i o n  due to  t h e  s c a n ty  s i z e  o f d e b r i s .  D r i f tw o o d ,  cow 

c h i p s ,  e t c . ,  w ere  s c a t t e r e d  o v e r  th e  s a l t  f l a t s ,  y e t  th e y  

w ere  n o t  u t i l i z e d  by th e  p l o v e r s .  P e rh a p s  th e  d e b r i s  was 

n o t  a s  a b u n d an t  a s  i n  a r e a s  w here  p r e v i o u s  s t u d i e s  on t h i s  

s p e c i e s  w ere  done and d id  n o t  p r e s e n t  t r u l y  a l t e r n a t i v e  n e s t  

s i t e s  f o r  th e  b i r d s .

C o n c lu s io n . — The snowy p l o v e r  l i v e s  i n  a  h a b i t a t  

t h a t  i s  p o t e n t i a l l y  d a n g e ro u s  i n  te rm s  o f  th e rm a l  s t r e s s  and 

d e h y d r a t i o n .  The s p e c i e s  j o i n s  o t h e r  x e r i c - a d a p t e d  b i r d s  

su c h  a s  th e  h o rn e d  l a r k ,  E re m o n h ila  a l p e s t r i s  ( T r o s t ,  1 9 7 2 ) ,  

and  co lu m b id  b i r d s  (M acM illen  and T r o s t ,  1966) t h a t  depend 

upon  fo o d  s e l e c t i o n ,  r e s t r i c t e d  a c t i v i t y  r a n g e ,  and t im e ly  

m a in te n a n c e  b e h a v io r  f o r  s u r v i v a l .

T h is  s t u d y ,  p a r t  o f  a  d o c t o r a l  d i s s e r t a t i o n ,  was 

made p o s s i b l e  th ro u g h  t h e  c o o p e r a t i o n  o f  th e  G re a t  S a l t  

P l a i n s  N a t io n a l  W i l d l i f e  R efuge  m an ag er ,  Mr. R o n a ld  S u l l i v a n ,  

and  h i s  s t a f f .  I n  a d d i t i o n ,  s p e c i a l  r e c o g n i t i o n  i s  due to  

D r. C h a r le s  C. C a r p e n t e r ,  th e  l a t e  Mrs. Grace P o r t e r ,

D r. Anthony A. E c h e l l e ,  and Mrs. J o r e t t a  P urdue  f o r  b e in g ,  

r e s p e c t i v e l y ,  m a jo r  p r o f e s s o r ,  l a n d l a d y  and f r i e n d ,  c r i t i c a l  

r e v i e w e r ,  and t y p i s t - i n - r e s i d e n c e .
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TABLE 1

A n a ly s is  o f  w a te r  sam ples  t a k e n  from  th e  G re a t  S a l t  P l a i n s ,

Oklahoma

S t a t i o n D ate Cond.®- Na+& K+a C1-&

#1 11 Apr 72 312 162 3 143

16 Mar 72 1175 1105 2 1127

11 Apr 72 1225 1214 3 1188
#2

7 Jiui 72 1600 1567 5 1508

13 Sep 72 1320 1584

16 Mar 72 1225 1180 2 1180

6 Apr 72 1175 1148 2 1138
TTJ

13 Sep 72 1100 1186

31 May 73 940 936

16 Mar 72 1270 1176 4 1170

11 Apr 72 1325 1290 3 1272
A 7 Jim 72 1500 1452 5 1436

13 Sep 72 1350 1448

16 May 72 3470 3219 4 3429

7 Ju n 72 3755 3842 7 3957

#5 31 May 73 920 959

31 May 73 790 825

13 Ju n 73 1550 1899
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TABLE 1- -C o n t in u e d

S t a t i o n D ate Cond.^ Na+a K+a Cl"&

16 Mar 72 3310 5 3434

6 Apr 72 4312 7 5098

#6 11 Apr 72 38^0 4029 4 4167

7 Ju n  72 26^0 2657 6 2735

#7 23 Mar 72 4225 5 ^1^6

^ C o n d u c t iv i ty  (C ond.) i s  i n  te rm s  of c o n d o s i ty  (mM 

NaCl e q u i v a l e n t ) .  Na^, K'*’ , and  C l"  a r e  i n  te rm s o f  mEq/1.
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TABLE 2

N e s t  l o c a t i o n s  f o r  snowy p l o v e r s  w i t h  r e s p e c t  t o  n e a r e s t

w a te r  and n e s t i n g  s u c c e s s

D i s t a n c e  to  

n e a r e s t  w a te r  

(m)

Number of 
nests

Number of 

s u c c e s s f u l  

n e s t s

P e r c e n t

s u c c e s s

1 -  50 7 2 2 8 .6

51 -  100 5 2 4 0 .0

101 -  150 3 2 6 6 .7

1 51 -  200 4 2 5 0 .0

201 o r  g r e a t e r _2 _2 10 0 .0

T o t a l s 21 10 4 ? .6

Mean d i s t a n c e  to n e a r e s t  w a te r  = 128 .3  m
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F ig u r e  Legends

F i g .  1. Map o f  s tu d y  a r e a  on G re a t  S a l t  P l a i n s .  

Numbered d o t s  a r e  n e s t  l o c a t i o n s  i n  1972. Numbered open 

c i r c l e s  a r e  w a te r  sam ple  s t a t i o n s .

F i g .  2 .  Mean maximum (Tmax) and minimum (Tmin) 

a i r  t e m p e r a tu r e s  from  t h r e e  l o c a l i t i e s  on o r  n e a r  th e  s a l t  

f l a t s .  The l e t t e r  "8" i n d i c a t e s  s i g n i f i c a n t  d i f f e r e n c e  

be tw een  means (P < . 0 5 ) •

F i g .  3 .  C om parisons o f  w ind v e l o c i t y  and e v a p o r a t i o n  

r a t e  be tw een  w e a th e r  s t a t i o n s  on th e  s a l t  f l a t s  and n e a r  th e  

G re a t  S a l t  P l a i n s  dam. The l e t t e r  "S" i n d i c a t e s  s i g n i f i c a n t  

d i f f e r e n c e  b e tw een  means ( P < . 0 5 ) ;  "NS" n o n s i g n i f i c a n t .

F i g .  4-. E f f e c t  o f  a i r  t e m p e r a tu r e  (T^) on number o f  

Snowy P lo v e r s  s t a n d in g  o r  r e s t i n g  i n  w a t e r  be tw een  1000 and 

l8 0 0  h o u r s .
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SALT WATER TOLERANCE M D  WATER TURNOVER 

IN THE SNOWY PLOVER

James R. Purdue

The Snowy P lo v e r  (C h a ra d r iu s  a l e x a n d r i n u s ) i s  a 

s m a l l  s h o r e h i r d  (3 0 -4 0  g) commonly i n h a b i t i n g  a r e a s  o f h ig h  

s a l i n i t y  (B en t 1929, R i t t i n g h a u s  1 9 6 1 ) .  One such  a r e a  i s  

t h e  G re a t  S a l t  P l a i n s  i n  n o r t h w e s t e r n  Oklahoma. T h is  i s  a 

l a r g e ,  b a r r e n ,  s a l t - e n c r u s t e d  f l a t  w h ere  th e  p l o v e r  l i v e s  

and b r e e d s  i n  ab u n d an ce .  The s t a n d in g  w a te r  on th e  s a l t  

p l a i n s ,  r a n g in g  i n  c h l o r i d e  c o n c e n t r a t i o n  from  8 2 5 .0  to  

51 5 6 .0  mEq/1, i s  o s m o t i c a l l y  s t r e s s f u l  t o  m ost o rg a n is m s ,  

y e t  th e  Snowy P lo v e r  c e n t e r s  i t s  a c t i v i t i e s  a ro u n d  many of 

th e s e  p o o ls  and  w a te r c o u r s e s  (P urdue  197^3-) • The p u rp o se  of 

t h i s  s tu d y  was to  d e te rm in e  i f  th e  p l o v e r  h a s  e x t r a o r d i n a r y  

p h y s i o l o g i c a l  c a p a b i l i t y  f o r  h a n d l in g  h y p e ro s m o t ic  s a l t  

w a t e r .  I t s  n a t u r a l  h i s t o r y  and th e rm a l  e c o lo g y  on th e  G re a t  

S a l t  P l a i n s  a r e  t r e a t e d  e ls e w h e re  (P urdue  197^3-, 197^6 ) .

F o r c o m p a r iso n  c e r t a i n  t e s t s  w ere  a l s o  c o n d u c te d  on 

two o t h e r  s h o r e b i r d s ,  th e  K i l l d e e r  (C h a ra d r iu s  v o c i f e r u s )  

and th e  S em ipa lm ated  S a n d p ip e r  ( C a l i d r i s  p u s i l l u s ) .  The

25
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fo rm e r  s p e c i e s  b re e d s  i n  n o r m a l ly  v e g e t a t e d  a r e a s  a ro u n d  th e  

s a l t  p l a i n s ,  b u t  i t  i s  s e ld o m ly  e n c o u n te r e d  on th e  s a l t  

f l a t s ,  w h i le  th e  l a t t e r  o n ly  m ig r a te s  th ro u g h  t h e  a r e a  on 

i t s  way to  b r e e d in g  g rounds i n  th e  n o r t h .  I n d i v i d u a l  s a n d ­

p i p e r s ,  how ever, o f t e n  spend  s e v e r a l  days o r  more f o r a g in g  

a ro u n d  th e  s a l i n e  w a te r s  on t h e  s a l t  f l a t s .

Methods

B ird s  w ere  m i s t - n e t t e d  o r  t r a p p e d  on th e  s a l t  f l a t s  

and ta k e n  to  l a b o r a t o r i e s  a t  t h e  U n i v e r s i t y  o f  Oklahoma, 

Norman, Oklahoma, w here  th e y  w ere  a c c l im a te d  to  e x p e r im e n ta l  

c o n d i t i o n s  f o r  a t  l e a s t  2 w eeks , f e d  g round  P u r in a  C at Chow 

( p r o t e i n ,  30#; f a t ,  8# ; w a t e r ,  9 *5- 12# ) ,  and p ro v id e d  ta p  

w a te r  ^  l i b i t u m . I  c o n d u c te d  f i v e  e x p e r im e n ts  to  d e te rm in e  

s a l t  w a te r  t o l e r a n c e :  t h r e e  on Snowy P l o v e r s ,  and one each

on K i l l d e e r  and S em ipalm ated  S a n d p ip e r s  ( F ig .  1 ) .  D a i ly  

m a in te n a n c e  of body w e ig h t  was th e  c r i t e r i o n  f o r  t o l e r a n c e .  

I n v e r t e d  b o t t l e s  o r  g r a d u a te d  c y l i n d e r s  i n t r o d u c e d  w a te r  

i n t o  s m a l l  d r i n k in g  c u p s .  The s h o r e b i r d s  had  c o n s i d e r a b l e  

d i f f i c u l t y  i n  l e a r n i n g  t o  u s e  r o d e n t  w a te r in g  t u b e s ,  b u t  a 

few b i r d s  f i n a l l y  d id  and w ere  u s e d  f o r  t e s t s  a t  h i g h e r  co n ­

c e n t r a t i o n s .  T h is  p ro c e d u re  was n e c e s s a r y  to  a v o id  a s l i g h t  

upw ard  s h i f t  i n  s a l t  c o n c e n t r a t i o n  due t o  e v a p o r a t i o n  from  

t h e  d r in k in g  c u p s .  E n v iro n m e n ta l  c o n d i t i o n s  i n  th e  t e s t  

cham bers v a r i e d  s l i g h t l y  be tw een  e x p e r im e n ts  due to  th e  n eed  

to  c o o p e r a te  w i t h  o t h e r  i n v e s t i g a t o r s ;  d i f f e r e n c e s  be tw een  

t e s t s  a r e  g iv e n  i n  F ig .  1 .
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A nother t e s t  on Snowy P lo v e r s  was co n d u c ted  a t  33° C, 

a v a p o r  p r e s s u r e  d e f i c i t  o f  21-27  mm Hg, and a  p h o to p e r io d  

o f  13 h r  l i g h t  and 11 h r  d a rk  (L :D = 13 :1 1 ).  Mealworms were 

f e d  ad l i b i t u m  t o  a s e r i e s  o f p l o v e r s  d e p r iv e d  of any f r e e  

w a te r  and body w e ig h t  was m o n i to re d  d a i l y .

T r i t i a t e d  w a te r  t u r n o v e r  e x p e r im e n ts  w ere  co n d u c ted  

a t  25° C (L:D=11:13} v a p o r  p r e s s u r e  d e f i c i t  = 17 mm Hg) and 

^ 0 °  C (L :D =11:13 , v a p o r  p r e s s u r e  d e f i c i t  = 48 mm Hg) on 

Snowy P l o v e r s ,  K i l l d e e r ,  and S em ipa lm ated  S a n d p ip e r s .  The 

b i r d s ,  w h ich  w ere  i n  a s t e a d y  s t a t e  a s  i n d i c a t e d  by con ­

s t a n c y  o f  t h e i r  body w e ig h t  th ro u g h o u t  th e  r u n ,  w ere  i n ­

j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  50 >tl o f  O.52  C i / p l  t r i t i a t e d  

w a te r  (THO). At l e a s t  two b lo o d  sam ples (10 to  25 | i l  

p lasm a) w ere  t a k e n  from  th e  b r a c h i a l  v e in  w i t h i n  k h o u rs  o f 

i n j e c t i o n  and s u b s e q u e n t ly  s i n g l e  sam ples w ere  t a k e n  d a i l y .  

Each sam ple was c e n t r i f u g e d ;  t h e  p lasm a  was t r a n s f e r r e d  to  

a  t o u l e n e / b u t y l  PBD/PBDO s c i n t i l l a t i o n  s o l u t i o n  and c o u n ted  

(Beckman LS-133)* H a lf  l i f e  (T 1 /2 )  was d e te rm in e d  from  th e  

s lo p e  o f  th e  l i n e a r  r e g r e s s i o n  b e tw een  th e  lo g  of th e  cpm/ml 

p lasm a  a t  t im e  [ t ]  x  body w e ig h t  a t  t im e  [ t ]  *■ cpm/ml p lasm a 

X body w e ig h t  a t  t im e  [0 ]  and t im e  ( t )  i n  d a y s .  The equ a­

t i o n  f o r  d e te rm in in g  th e  f r a c t i o n  o f  w a te r  exchanged  d a i l y  

(A) i s :
\  _ I n  2
A  T 1 /2

T o ta l  w a te r  c o n t e n t  was e s t im a t e d  from  th e  f o l lo w in g  r e l a ­

t i o n s h i p :



28

"  -A't’ "' t  '

V  ' C t S t

w here  Vjj^ q= t o t a l  w a te r  c o n t e n t  i n  m l,  c t s ^  = cpm/ml i n ­

j e c t e d ,  t  = t im e  i n  d a y s ,  Aq = z e ro  i n t e c e p t  o f  th e  p l o t  of 

lo g  At and t ,  and c t s t  = cpm/ml a t  t im e  ( t ) .  D a i ly  w a te r  

tu r n o v e r  was d e te rm in e d  by th e  f o l lo w in g  e q u a t io n :

w h ere  = d a i l y  w a te r  t u r n o v e r  i n  m l /d a .  B oth  Vg^Q and

VJJ20 Mere r e l a t i v i z e d  by d i v i d i n g  by body w e ig h t .  A l l  s t a ­

t i s t i c a l  t e s t s  ( s i g n i f i c a n c e  o f  r e g r e s s i o n  c o e f f i c i e n t s  and 

a n a l y s i s  o f v a r i a n c e )  w ere  done i n  a c c o rd a n c e  w i t h  S oka l 

and R o h lf  ( 1969) .

R e s u l t s

S a l t  w a t e r  t o l e r a n c e . — The Snowy P lo v e r  (F ig .  2 ) and 

th e  S em ipalm ated  S a n d p ip e r  ( F ig .  4-) w e re  a b l e  t o  m a i n t a i n  o r  

g a in  body w e ig h t  a t  s a l i n i t i e s  o f  0 .2  t o  0 .2 5  M NaCl. At 

0 .3  M s i g n i f i c a n t  w e ig h t  l o s s  o c c u r r e d  i n  b o th  s p e c i e s ,  b u t  

w e ig h t  l o s s  was slow  and th e  b i r d s  s u r v iv e d  f o r  more t h a n  a 

w eek. W eight l o s s  i n  t h e  Snowy P lo v e r  (F ig .  2 )  was p r e c i p ­

i t o u s  a t  0.4- M and d e a th  w ould  h a v e  r e s u l t e d  i f  th e  b i r d s  

had  n o t  been  g iv e n  f r e s h  w a t e r .  I n  th e  s a n d p ip e r  (F ig .  )+) 

w e ig h t  l o s s  a t  0 .3 5  M and O.h M was n o t  a s  p r e c i p i t o u s  as  i n  

th e  Snowy P l o v e r ,  b u t  i t  was c o n s i d e r a b l y  more r a p i d  th a n  a t

0 .3  M.
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The K i l l d e e r  ( F ig .  3) d id  n o t  m a i n t a i n  i t s  w e ig h t  a t  

s a l i n i t i e s  above 0 .1  M, and w e ig h t  l o s s  was p r e c i p i t o u s  a t  

o n ly  0 .2  M. V a r i a b i l i t y  was g r e a t  f o r  th e  0 .2  M v a l u e s ,  and 

t h e  r e g r e s s i o n  c o e f f i c i e n t  was n o t  s i g n i f i c a n t ;  how ever, 

t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  be tw een  d a y s .  O v e r a l l ,  

t h e  s a n d p ip e r  and th e  Snowy P lo v e r  w ere  a b o u t  e q u a l  i n  

a b i l i t y  t o  t o l e r a t e  s a l t  w a t e r ,  p e rh a p s  w i t h  t h e  s a n d p ip e r  

b e in g  s l i g h t l y  b e t t e r .  The K i l l d e e r  was by f a r  th e  l e a s t  

c a p a b le  i n  t h i s  r e s p e c t .

W ater c o n t e n t . —W ater c o n s t i t u t e d  69*6^ and 7 2 .8 ^  

o f  th e  body w e ig h t  of Snowy P l o v e r s  i n  two s e p a r a t e  t r i ­

t i a t e d  w a te r  e x p e r im e n ts  (one a t  25° 0 and one a t  4 0 °  0) i n  

w h ich  t h e  b i r d s  w ere  p r o v id e d  w i t h  t a p  w a te r  ad l i b i t u m . I n  

a t h i r d  t e s t  a g roup  p r o v id e d  w i t h  0 .2 5  M NaCl was d e h y d ra te d  

t o  62^ (T ab le  1 ) .  The l a t t e r  f i g u r e  i s  s i g n i f i c a n t l y  d i f ­

f e r e n t  (P < . 0 5 )  from  t h e  o t h e r  two a c c o rd in g  to  th e  S t u d e n t -  

Newman-Kauls a p o s t e r i o r i  t e s t  w h ic h  was u s e d  t o  i s o l a t e  th e  

d e v i a n t  g roup  i n d i c a t e d  i n  a s i n g l e - l e v e l  a n a l y s i s  o f  v a r i ­

ance  (S o k a l  and R o h lf  1969)* No d i f f e r e n c e  was fo u n d  b e ­

tw een  t a p - w a t e r e d  b i r d s  k e p t  a t  25° C and th o s e  a t  4 0 °  0 .

S em ipa lm ated  S a n d p ip e r s  c o n ta in e d  l e s s  w a te r  th a n  

Snowy P lo v e r s  h e l d  a t  co m p a rab le  e n v iro n m e n ta l  c o n d i t i o n s .

A two-way a n a l y s i s  o f  v a r i a n c e  f o r  t e m p e r a tu r e  and s p e c i e s  

i n d i c a t e d  a s i g n i f i c a n t  d i f f e r e n c e  be tw een  s p e c i e s  (P < . 0 5 )  

b u t  n o t  be tw een  t e m p e r a t u r e s .  T hese  s a n d p ip e r s  w ere  i n  m i­

g r a t i o n  when c a p tu r e d  i n  th e  m id d le  o f  May and s i n c e  th e
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e x p e r im e n t  was c o n d u c te d  o n ly  20 d ays  l a t e r ,  th e y  s t i l l  may 

h av e  h ad  m ig r a to r y  f a t  w h ich  w ould  have  d e c r e a s e d  th e  p e r ­

c e n ta g e  of body w a t e r .  I n  c o n t r a s t ,  t h e  Snowy P lo v e r s  w h ich  

showed d e c r e a s e d  w a te r  c o n te n t  ( th o s e  d r i n k in g  0 .2 5  M NaCl) 

had  been  i n  c a p t i v i t y  f o r  s e v e r a l  m o n th s .  One S em ipalm ated  

S a n d p ip e r  (n o t  i n c l u d e d  i n  T ab le  1) w h ich  was h e l d  i n  c a p ­

t i v i t y  f o r  s e v e r a l  m onths had  a  w a te r  c o n te n t  o f 6 7 . 6^ ,  a 

f i g u r e  i n  l i n e  w i t h  Snowy P lo v e r s  h e ld  a t  com parab le  c o n d i ­

t i o n s  (4^0 C). A s i n g l e  K i l l d e e r  h e ld  a t  40 °  C a l s o  was 

s i m i l a r  i n  w a te r  c o n t e n t  (6 7 . 2^ ) .

F l u i d  c o n s u m p tio n . —F l u i d  co n su m p tio n  was m easu red  

d u r in g  th e  s a l t  t o l e r a n c e  t e s t s  on Snowy P lo v e r s  (F ig .  5 )•  

C onsum ption  was 20^ of body w e ig h t  p e r  day when th e  b i r d s  

w ere  g iv e n  d i s t i l l e d  w a t e r .  At m o d e ra te  s a l i n i t i e s ,  i . e . ,  

t h o s e  t h a t  th e  p l o v e r s  can  t o l e r a t e  f o r  s e v e r a l  days (F ig .  

2 ) ,  t h e r e  was a d r a m a t ic  i n c r e a s e  i n  f l u i d  i n t a k e .  At 0 . 4  M 

NaCl, t h e  p o i n t  o f  p r e c i p i t o u s  w e ig h t  l o s s ,  f l u i d  i n t a k e  d i ­

m in is h e d  s h a r p l y .

A lth o u g h  w a te r  t u r n o v e r  r a t e s  (T ab le  1 ) s u b j e c t e d  

t o  o n e -  and two-way a n a l y s i s  o f v a r i a n c e  t e s t s  r e v e a l e d  no 

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  be tw een  s p e c i e s  o r  

w i t h i n  g iv e n  s p e c i e s  u n d e r  th e  d i f f e r e n t  c o n d i t i o n s ,  b o th  

t h e  Snowy P lo v e r  and th e  S em ipa lm ated  S a n d p ip e r  b o r d e r e d  on 

s i g n i f i c a n t l y  i n c r e a s e d  tu r n o v e r  w i t h  i n c r e a s e d  am b ien t 

t e m p e r a t u r e :  43^  a t  25° C and 48^ a t  4 0 °  C f o r  th e  p l o v e r

and 5 4 -5 7 ^ ,  r e s p e c t i v e l y ,  a t  com parab le  t e m p e r a tu r e s  f o r  th e
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s a n d p ip e r .  A s l i g h t l y  l a r g e r  sam ple  s i z e  p ro b a b ly  w ould 

have  c o n f i rm e d  t h i s .  A s e r i e s  o f  t h r e e  Snowy P lo v e r s  on 

0 .2 5  M NaCl had  s l i g h t l y  l e s s  t u r n o v e r  th a n  p lo v e r s  on ta p  

w a te r  a t  t h e  same t e m p e r a tu r e .  A s i n g l e  K i l l d e e r ,  h e ld  a t  

4-0° C, tu r n e d  ov e r  4-6^ o f  i t s  body w e ig h t  each  day .

Mealworm l a r v a e  w ere  p r o v id e d  ad l i b i t u m  as th e  o n ly  

s o u rc e  of b o th  fo o d  and w a te r  (F ig .  6) t o  a s e r i e s  o f  Snowy 

P lo v e r s  w h ich  w ere  m a in ta in e d  a t  33° 0 ( s e e  F ig .  1 f o r  o t h e r  

e n v iro n m e n ta l  c o n d i t i o n s ) .  A f t e r  an i n i t i a l  d rop  i n  w e ig h t  

d u r in g  th e  f i r s t  d a y ,  th e  b i r d s  m a in ta in e d  o r  i n c r e a s e d  

t h e i r  w e ig h t .  The d e c r e a s e  i n  sam ple  s i z e  a s  th e  e x p e r im e n t  

p ro c e e d e d  was due t o  th e  i n v e s t i g a t o r ' s  s h o r t a g e  o f  m e a l­

worms r a t h e r  th a n  any l a c k  of a b i l i t y  by th e  b i r d  t o  m ain ­

t a i n  w e ig h t .

D i s c u s s io n

The s a l t  t o l e r a n c e  of th e  Snowy P lo v e r ,  K i l l d e e r ,  

and S em ipa lm ated  S a n d p ip e r  does n o t  a p p e a r  to  be e x c e p t i o n a l  

when com pared to  o t h e r  s p e c i e s  o f  b i r d s .  Bartholomew and 

Cade ( 1963) l i s t e d  th e  f o l lo w in g  s p e c i e s  as b e in g  a b le  to  

t o l e r a t e  s a l i n i t i e s  i n  e x c e s s  o f O.3  M: T a e n io p y g ia

c a s t a n a d i s . t h r e e  s u b s p e c ie s  o f  P a s s e r c u lu s  s a n d w ic h e n s i s . 

and M e lo sp iz a  m e lo d ia  c o o p e r i . S u b s e q u e n t ly ,  M acM illan and 

T r o s t  ( 1966) fo u n d  t h a t  Z e n a id a  a s i a t i c a  and S c a r d a f e l l a  

i n c a ,  two common doves of t h e  s o u th w e s te rn  d e s e r t s  o f  th e  

U n i te d  S t a t e s ,  can  w i t h s t a n d  3 7 * 5 -5 0 ^  s e a  w a te r  ( e q u i v a l e n t  

t o  a p p ro x im a te ly  0 .2  to  O.3 M N aC l). T hree  s p e c i e s  o f
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q u a i l  c o u ld  n o t  w i t h s t a n d  more t h a n  O.3  M NaCl (McNabb 1969) ' 

A g e la iu s  p h o e n ic e u s  t o l e r a t e s  up to  O.3 M NaCl (H esse and 

L ust i c k  1972) w h i l e  A m phisp iza  b i l i n e a t a  t o l e r a t e d  0 .4  M 

(Smyth and B artholom ew  1966) and S p i z e l l a  b re w e r i  t o l e r a t e d  

0 .5 5  M (Ohmart and Sm ith 1971)» F r in g s  and B r in g s  (1959) 

fo u n d  t h a t  two s p e c i e s  o f a l b a t r o s s  c o u ld  n o t  s u r v iv e  i n  

c a p t i v i t y  u n t i l  a r t i f i c i a l  s e a  w a te r  was p r o v id e d .  However, 

s u r p r i s i n g l y  l i t t l e  work h a s  b een  r e p o r t e d  on t h e  s a l t  t o l ­

e r a n c e  o f  c h a r a d r i i f o r m  b i r d s  even  tho u g h  t h e i r  e x t r a r e n a l  

s a l t  g la n d s  a r e  g e n e r a l l y  w e l l  d e v e lo p e d  and much s t u d i e d .  

Hughes ( 1970 ) k e p t  more th a n  h a l f  o f  h e r  sam ple of L a ru s  

g la u c e s c e n s  a t  c o n s t a n t  w e ig h t  when p ro v id e d  w i t h  100% s e a  

w a te r  ( a p p ro x im a te ly  0 .6  M NaCl) w h ich  i s  w e l l  beyond th e  

l i m i t s  t o l e r a t e d  by th e  t h r e e  s p e c i e s  I  exam ined.

S t a a l a n d  ( 1967) exam ined o v e r  20 s p e c i e s  of 

c h a r a d r i i f o r m  b i r d s  f o r  t h e  s i z e  and f u n c t i o n  o f  n a s a l  s a l t  

g l a n d s .  He fo u n d  t h a t  r e l a t i v e  s i z e  o f th e  g la n d  was c o r ­

r e l a t e d  w i t h  c o n c e n t r a t i n g  a b i l i t y  and e c o lo g y .  D i v e r s i t y  

o f  s a l t  g l a n d s  w i t h i n  th e  C h a r a d r i id a e  was e v id e n c e d  by 

P l u v i a l i s  a p r i c a r i a  w i t h  a  n a s a l  g la n d  (mg) t o  body w e ig h t  

(g) r a t i o  o f  O.3  w h i l e  C h a r a d r iu s  h i a t i c u l a  had  a r a t i o  o f 

0 . 7 . My d i s s e c t i o n s  s u g g e s t  t h a t  t h e  s a l t  g la n d  o f  th e  

Snowy P lo v e r  i s  s l i g h t l y  s m a l l e r  th a n  t h a t  o f  A c t i s  

h v p o le u o s  (d iag ram ed  i n  S t a a l a n d ,  1967) ,  w hich  h ad  a r a t i o  

o f  0 . 6 .  The s i z e  o f th e  K i l l d e e r ’ s s a l t  g l a n d ,  as r e v e a l e d  

by d i s s e c t i o n ,  i s  r e l a t i v e l y  s m a l l e r  th a n  th e  Snowy P l o v e r ’ s.
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T h is  e v id e n c e  s u p p o r t s  t h e  s a l t  t o l e r a n c e  f i n d i n g s  i n  t h a t  

t h e  Snowy P lo v e r  h a s  a m o d e r a te ly  d e v e lo p e d  s a l t  g la n d  and a 

c o r r e s p o n d in g ly  i n t e r m e d i a t e  a b i l i t y  to  h a n d le  h i g h  o sm o tic  

l o a d s .  The K i l l d e e r  w i t h  a r e l a t i v e l y  s m a l l e r  g l a n d  d i s ­

p la y e d  re d u c e d  s a l i n i t y  t o l e r a n c e .

The Snowy P l o v e r ’ s l e v e l  o f  f l u i d  c o n su m p tio n  a t  

v a r i o u s  s a l t  c o n c e n t r a t i o n s  ( F ig .  5) i s  i n t e r m e d i a t e  b e ­

tw een  Batholomew and C ade’ s (1963) d r i n k in g  p a t t e r n s  A and 

B. I n  p a t t e r n  A, b i r d s  d r i n k  i n c r e a s i n g  am ounts o f  w a te r  

w i t h  i n c r e a s i n g  s a l i n i t y  u n t i l  an  u p p e r  l i m i t  i s  r e a c h e d  

( 0 .^  M i n  t h i s  c a s e )  and co n su m p tio n  c e a s e s .  F o r  p a t t e r n  B, 

co n su m p tio n  i s  a b o u t  th e  same a c r o s s  th e  e n t i r e  r a n g e  of 

s a l i n i t i e s .  A ccord ing  t o  H esse  and B u s t i c k  (1972) Red-w inged 

B la c k b i r d s  (A g e la iu s  p h o e n ic e u s ) a l s o  h a d  d r i n k i n g  c h a r a c t e r ­

i s t i c s  w h ich  r e s e m b le d  b o th  p a t t e r n s  A and B. L u s t i c k  (1970) 

s u g g e s te d  t h a t  t h e  i n c r e a s e  i n  d r i n k in g  o f  t o l e r a b l e  s a l t  

w a t e r  o ve r  d i s t i l l e d  w a t e r  may be t h e  r e s u l t  o f  b i r d s  s e e k ­

in g  s a l t .

Seem ing ly  t h e r e  i s  a  d i s p a r i t y  when one com pares 

th e  w a te r  co n su m p tio n  and tu r n o v e r  r e s u l t s  from  two s e t s  of 

d a t a  (F ig .  5 &ud T a b le  1 ) .  When p r o v id e d  d i s t i l l e d  w a te r  

ad l i b i t u m , t h e  b i r d s  m a in t a in e d  body w e ig h t  w i t h  consump­

t i o n  a t  20^ o f  body w e ig h t  p e r  day ( F ig .  5)? b u t  d a i l y  w a te r  

t u r n o v e r ,  a s  d e te rm in e d  th r o u g h  t r i t i a t e d  w a t e r  s t u d i e s ,  

y i e l d e d  v a lu e s  r a n g in g  f ro m  4 3 -4 8 ^  (T a b le  1 ) .  The t u r n o v e r  

v a lu e s  i n c l u d e  w a te r  o b t a i n e d  by d r i n k in g  a s  w e l l  a s  w a te r
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p re fo rm e d  i n  fo o d  and  p ro d u ce d  th ro u g h  o x i d a t i v e  m e ta b o l i s m ,  

w h i l e  d a t a  fro m  w a t e r  c o n su m p tio n  s t u d i e s  i n c l u d e  o n ly  

d r i n k i n g  w a t e r .  Thus t h e  d i f f e r e n c e  b e tw ee n  c o n su m p tio n  of 

d i s t i l l e d  w a te r  ad  l i b i t u m  (20^) and  t r i t i a t e d  w a te r  t u r n ­

o v e r  (4 3 -4 8 ^ )  can  be r e c o n c i l e d .

These two t e s t s  i n d i c a t e d  t h a t  Snowy P lo v e r s  h ave

s i m i l a r  w a te r  r e q u i r e m e n ts  t o  th o s e  o f  o t h e r  a v ia n  s p e c i e s

o f  s i m i l a r  body w e ig h t .  Bartholom ew  and Cade (1963) com­

p i l e d  d r i n k i n g  w a te r  v a lu e s  f o r  many b i r d  s p e c i e s  and showed 

a  d r a m a t i c  i n c r e a s e  i n  r e l a t i v e  w a te r  c o n su m p tio n  f o r  b i r d s  

w e ig h in g  30 t o  40 g o r  l e s s .  The Snowy P l o v e r ,  w h ich  i s  i n  

t h i s  w e ig h t  c l a s s ,  f i t s  i n  th e  p a t t e r n  r e p o r t e d  by 

B artho lom ew  and Cade.

Even thou gh  th e  Snowy P lo v e r  was n o t  s p e c t a c u l a r  i n

i t s  a b i l i t y  t o  t o l e r a t e  s a l t  o r  r e d u c e  w a t e r  t u r n o v e r ,  i t

does  m a i n t a i n  body w e ig h t  when f e d  m ealworms, a s u b s t i t u t e  

c o m p a rab le  t o  i t s  n a t u r a l  fo o d  (F ig .  6 ) .  I t s  f o o d ,  a s  d i s ­

c u s s e d  by P urd ue  (1 9 7 4 a ) ,  c o n s i s t s  o f  f l i e s ,  b e e t l e s ,  and 

o t h e r  i n s e c t s  t h a t  a r e  fo u n d  on th e  s a l t  p l a i n s .  I n s e c t s ,  

l i k e  o t h e r  a n im a l s ,  hav e  h ig h  w a te r  c o n t e n t s .  Thus th e  i n ­

s e c t i v o r o u s  d i e t  c o u p le d  w i t h  w a t e r - c o n s e r v i n g  b e h a v i o r s ,  

su c h  a s  s t a n d in g  i n  p o o ls  d u r in g  h o t  w e a th e r  (Purdue  1 9 ? 4 a ) ,  

a l lo w s  th e  Snowy P lo v e r  t o  a v o id  d r i n k in g  th e  s a l i n e  s o l u ­

t i o n s  t h a t  o c c u r  on th e  s a l t  p l a i n s .  Among o t h e r  b i r d s .  

L o n g - b i l l e d  Marsh Wrens (T e lm a to d v te s  p a l u s t r i s ) a r e  a l s o  

c a p a b le  o f  s u r v i v a l  on a d i e t  o f  mealworms and no f r e e  w a t e r
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(K ale  1967) ;  s e v e r a l  p a s s e r i n e  s p e c i e s  and th e  B udgerygah 

(M e l o n s i t t a c u s  i m d u l a t u s ) can  m a i n t a i n  body w e ig h t  when f e d  

d ry  s e e d s  (Bartholom ew  1 9 7 2 ) ;  and two dove s p e c i e s  from  th e  

N o r th  A m erican  d e s e r t s  manage t o  l i v e  on s u c c u l e n t  p l a n t s  

(M acM illen  and T r o s t  1 9 6 6 ) .

T hus, th e  Snowy P lo v e r  i s  a n o th e r  b i r d ,  su c h  a s  th e  

H orned  L a rk  (E re m o p h ila  a l p e s t r i s )  ( T r o s t  1 9 7 2 ) ,  and 

c o lu m b i id  s p e c i e s  (M acM illen  and T r o s t  1 9 6 6 ) ,  t h a t  h a s  

l i m i t e d  p h y s i o l o g i c a l  c a p a c i t i e s ,  y e t  l i v e s  i n  a w a te r - p o o r  

e n v iro n m e n t .  To s u r v i v e  i n  t h e s e  h a b i t a t s  t h e  b i r d s  e a t  

s u c c u l e n t  fo o d s  and depend on a p p r o p r i a t e  m a in te n a n c e  b e ­

h a v i o r .
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Summary

A s e r i e s  o f  w a t e r - r e l a t e d  e x p e r im e n ts  showed t h a t  

Snowy P lo v e r s  do n o t  h av e  any o u t s t a n d i n g  p h y s i o l o g i c a l  

c a p a b i l i t i e s  f o r  d e a l in g  w i t h  t h e  p o t e n t i a l  th e rm a l  and 

o sm o tic  s t r e s s e s  o f th e  G re a t  S a l t  P l a i n s ,  Oklahoma. Snowy
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P lo v e r s  and Sem ipalm ated  S a n d p ip e rs  f a i l e d  t o  m a i n t a i n  body 

w e ig h t  when g iv e n  0 .3  M NaCl ad l i b i t u m . K i l l d e e r  d id  even  

more p o o r ly  by r a p i d l y  l o s i n g  w e ig h t  on 0 .2  M. These s a l t  

w a te r  t o l e r a n c e  v a lu e s  a r e  l i m i t e d  when compared to  o t h e r ,  

p a r t i c u l a r l y  m a r in e ,  b i r d s  t h a t  can  d r i n k  f u l l  s t r e n g t h  se a  

w a t e r .

As shown by two d i f f e r e n t  m ethods of d e te rm in in g  

w a te r  t u r n o v e r ,  t h e  Snowy P lo v e r  i s  no b e t t e r  a t  c o n s e rv in g  

w a te r  t h a n  o t h e r  b i r d s  i n  i t s  w e ig h t  c l a s s .  However, 

p l o v e r s  w i t h o u t  d r in k in g  w a te r  w ere  a b le  to  m a i n t a i n  t h e i r  

w e ig h t  when f u r n i s h e d  mealworm l a r v a e  ad l i b i t u m . Thus, th e  

i n s e c t i v o r o u s  d i e t  as w e l l  a s  m a in te n a n c e  b e h a v io r  o f  t h e  

b i r d s  i s  e s s e n t i a l  f o r  t h e i r  s u r v i v a l  on th e  s a l t  f l a t s .
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TABLE 1 .

Mean w a te r  c o n t e n t  and d a i l y  w a t e r  t u r n o v e r  f o r  Snowy P l o v e r s ,  S em ipa lm a ted  

S a n d p ip e r s ,  and K i l l d e e r .  P a r e n t h e t i c a l  num bers a r e  s t a n d a r d  e r r o r s .

D r in k in g  f l u i d  was p r o v id e d  ah l i b i t u m

N Temp.

( ° c )

Mean 

Body Wt, 

(g)

W ater

C o n te n t

D a i ly  W ater 

T u rn o v e r

Snowy P lo v e r 4- 25 3 3 .7 6 9 .5 9 (± 1 .8 5 ) h 3 .3 2 (± 1 .0 5 )
(Tap w a t e r ) 1+ ho 3 2 .2 7 2 .7 5 (± 1 . 0 7 ) h 8 .h 5 (± 3 . 3 1 )

Snowy P lo v e r 3 25 3h.O 6 2 .2 6 (± 2 .5 6 ) 39.01 (± 1 . 7 3 )
( . 2 5  M NaCl)

S em ipa lm a ted 3 25 2 h .3 5 8 .5 0 (+ 3 . 0 5 ) 5 h .h 5 (± h .0 8 )
S a n d p ip e r
(Tap w a te r ) 3 ho 2 2 .5 55 .9 3 (± 2 .h 2 ) 5 6 .5 5 (± 7 . 2 9 )

K i l l d e e r 1 ho 71 .1 6 7 .1 6 h 6 .2 5
(Tap w a te r )

fo
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Figure Legends

F ig .  1. S c h e d u le  o f s a l t  w a te r  t o l e r a n c e  t e s t s  f o r  

Snowy P l o v e r s ,  K i l l d e e r ,  and  Sem ipa lm ated  S a n d p ip e r s .  Gaps 

i n d i c a t e  p e r i o d s  when b i r d s  w ere  s u p p l i e d  t a p  w a te r  ad 

l i b i t u m . E n v iro n m e n ta l  c o n d i t i o n s :  A, t e m p e r a tu r e  33° C,

v a p o r  p r e s s u r e  d e f i c i t  21 -27  mm Hg, L :D =13:11, B, t e m p e ra tu re  

25 °  C, v a p o r  p r e s s u r e  d e f i c i t  17 mm Hg, L:D=11;13*

F ig .  2 .  E f f e c t  o f  s a l t  w a te r  ah l i b i t u m  on body 

w e ig h t  o f Snowy P l o v e r s .  N = sam ple s i z e  a t  b e g in n in g  of 

t e s t ,  * = s i g n i f i c a n t  r e g r e s s i o n  c o e f f i c i e n t  (P<  . 0 5 ) ,  NS = 

n o n s i g n i f i c a n t  c o e f f i c i e n t  r e g r e s s i o n .

F i g .  3* E f f e c t  o f  s a l t  w a te r  ad l i b i t u r n  on body 

w e ig h t  of K i l l d e e r .  A b b r e v ia t io n s  same as  f o r  F i g .  2 

e x c e p t  = s i g n i f i c a n t  d i f f e r e n c e  b e tw een  days ( P < . 0 5 ) ,  b u t  

n o n s i g n i f i c a n t  r e g r e s s i o n  c o e f f i c i e n t .

F i g .  4-. E f f e c t  o f s a l t  w a te r  ad l i b i t u m  on body 

w e ig h t  o f  Sem ipa lm ated  S a n d p ip e r s .  A b b r e v ia t io n s  g iv e n  i n  

F i g .  2 .

F i g .  5* F l u i d  co n su m p tio n  o f  Snowy P lo v e r s  a t  c o n ­

c e n t r a t i o n s  o f  NaCl. Ranges a r e  i n d i c a t e d  by l e n g t h  of 

v e r t i c a l  l i n e s ,  means by h o r i z o n t a l  l i n e s ,  and s t a n d a r d  

e r r o r  e i t h e r  s i d e  of mean by d a rk e n e d  b lo c k .  D. W. means 

d i s t i l l e d  w a te r .
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F ig .  6. Snowy P lo v e r s  m a in ta in e d  on mealworms ad 

l i b i t u m  w i th  no f r e e  w a t e r .  Sample s i z e s  i n  p a r e n t h e s e s .
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THERMAL ENVIRONMENT CE THE NEST AND RELATED PARENTAL 

BEHAVIOR IN SNOWY PLOVERS, CHARADRIUS ALEXANDRINUS

JAMES R. PURDUE

Department of Zoology 

University of Oklahoma 

Norman, Oklahoma 73069

Snowy P l o v e r s  ( C h a r a d r i u s  a l e x a n d r i n u s )  u s u a l l y  n e s t  i n  

b a r e ,  u n v e g e t a t e d  h a b i t a t s  (Bent  1 9 2 9 ) .  One such  a r e a  i s  

t h e  G r e a t  S a l t  P l a i n s ,  A l f a l f a  County ,  Oklahoma, where  d a i l y  

maximum t e m p e r a t u r e s  a r e  commonly above 40°  0 d u r i n g  the  

b r e e d i n g  m o n th s .  The n e s t s  a r e  s im p le  s c r a p e s  on s l i g h t  

e l e v a t i o n s  and a r e  h i g h l y  ex p o sed  s i n c e  t h e  n e a r e s t  v e g e t a ­

t i o n  ( p r a i r i e  g r a s s l a n d )  i s  o f t e n  s e v e r a l  h u n d red  m e t e r s  

away (Purdue  197^)* L ik e w ise  p l o v e r s  on t h e  G re a t  S a l t  

P l a i n s  t y p i c a l l y  l o c a t e  t h e i r  n e s t s  away from any d r i f t w o o d  

o r  d e b r i s ,  t h u s  d e p r i v i n g  t h e  eggs  o f  t h e r m a l  m o d e r a t i o n  

f rom  such  s o u r c e s .  I n c u b a t i o n  s t u d i e s  on o t h e r  c h a r a d r i i f orm 

s p e c i e s  ha v e  been  c o n d u c te d  i n  c o o l  (N o r to n  1972) and m i ld  

(D re n t  1970) c l i m a t e s .  E x ce p t  f o r  Howell  and B a r th o lo m ew 's
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work (1 9 6 2 ) ,  l i t t l e  h a s  been  done w i t h  c h a r a d r i i f o r m  b i r d s  

b r e e d i n g  i n  h o t  c l i m a t e s .  My p u r p o s e s  h e r e  a r e  t o  c h a r ­

a c t e r i z e  t h e  t h e r m a l  e n v i ro n m en t  i n  w h ich  Snowy P lo v e r  eggs 

a r e  m a i n t a i n e d  on t h e  G re a t  S a l t  P l a i n s  of  n o r t h w e s t e r n  

Oklahoma and t o  r e l a t e  t h i s  t o  th e  b e h a v i o r  o f  t h e  p a r e n t s .

METHODS

A s e r i e s  o f  s t r a t e g i c a l l y  p l a c e d  t h e r m i s t o r s  w ere  u s e d  to  

m easu re  th e  t e m p e r a t u r e s  of  t h e  n e s t  en v i ro n m en t  ( f i g .  1 ) .  

One egg was removed f rom  eac h  of  s e v e r a l  n e s t s  and r e p l a c e d  

w i t h  a n o t h e r  c o n t a i n i n g  an  i m p l a n t e d  t h e r m i s t o r .  T h is  

s e n s i n g  egg was p r e p a r e d  by d r i l l i n g  a sm a l l  h o l e  i n  th e  

s i d e ,  e x t r a c t i n g  a s m a l l  amount of  f l u i d  and r e p l a c i n g  i t  

w i t h  f o r m a ld e h y d e ,  i n s e r t i n g  a t h e r m i s t o r  (Yellow S p r in g s  

I n s t r u m e n t s  No. U-02) so  t h a t  t h e  s e n s i n g  t i p  was p o s i t i o n e d  

i n  t h e  m id d le  o f  t h e  egg ,  and s e a l i n g  w i t h  Duco cement.

A se c o n d ,  i d e n t i c a l l y  p r e p a r e d  t e m p e r a t u r e - s e n s i n g  

egg was p l a c e d  on t h e  s u b s t r a t e  o u t s i d e  b u t  n e a r  t h e  n e s t .  

F o r  some n e s t s  a f l a t t e n e d  t h e r m i s t o r  (Yellow S p r in g s  I n ­

s t r u m e n t s  No. 409)  was a t t a c h e d  t o  a  s u p p o r t i n g  w i r e  and po­

s i t i o n e d  t h r o u g h  t h e  c l u s t e r  o f  eggs so  t h a t  i t  would s e n se  

t h e  t e m p e r a t u r e  a t  t h e  top  of  t h e  eggs (b rood  p a t c h  t e m p e r a ­

t u r e  i f  an a d u l t  b i r d  were  i n c u b a t i n g ) .  A i r  t e m p e r a t u r e  was 

m o n i to r e d  w i t h  a t h e r m i s t o r  (Yellow S p r in g s  I n s t r u m e n t s  No. 

4 0 1 ) p l a c e d  a  few m e t e r s  f rom t h e  n e s t  w i t h  t h e  s e n s i n g  t i p  

5 cm above t h e  s u b s t r a t e .  A l l  t h e r m i s t o r  l e a d s  were
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c o n n e c te d  t o  a m o n i t o r i n g  d e v i c e  (Yellow S p r i n g s  I n s t r u m e n t s  

T e l e - t h e r m o m e t e r ) i n  an a u to m o b i le  up t o  100 m away. Read­

i n g s  w ere  made e v e ry  10 m in u te s  m o s t ly  d u r in g  d a y l i g h t  h o u r s  

( f i g .  2 ) .  Once e v e ry  60 t o  90 m in u te s  s u r f a c e  t e m p e r a t u r e  

was m easu red  a ro u nd  t h e  n e s t  w i t h  a  Barnes  I . R .  F i e l d  T h e r ­

mometer .  A ir  movement was m easu red  w i t h  a s m a l l ,  w i n d m i l l -  

ty p e  anemometer p l a c e d  on t h e  s u b s t r a t e .

The automobile , a l s o  s e r v e d  as an  o b s e r v a t i o n  b l i n d  

from w hich  a d u l t  b e h a v i o r  was o b s e r v e d  w i t h  b i n o c u l a r s  or 

s p o t t i n g  sco p e ;  th u s  I  was a b l e  to  a s s o c i a t e  m o m en t - to -  

moment changes  i n  p a r e n t a l  b e h a v i o r  w i t h  t e m p e r a t u r e  r e a d ­

i n g s .  A c o n t i n u o u s  l o g  was m a i n t a i n e d  w h ich  em phas ized  p a ­

r e n t a l  a c t i v i t i e s  a round  t h e  n e s t ,  p a r t i c u l a r l y  p r e s e n c e  o r  

a b s e n c e ,  s i t t i n g  o r  s t a n d i n g ,  and t r a n s f e r e n c e  of  i n c u b a t i o n  

d u t i e s .  S u b s e q u e n t ly ,  t h i s  r e c o r d  was s p l i t  i n t o  5 -m inu te  

segm ents  and s c o r e d .  I f  a b i r d  was p r e s e n t  f o r  more t h a n  

50^  o f  t h e  5- m in u te  p e r i o d ,  t h e  n e s t  was c o n s i d e r e d  a t t e n d e d .  

S c o re s  were  t h e n  a c c u m u la te d  and r e l a t e d  t o  a p p r o p r i a t e  

f a c t o r s  ( t im e  s i n c e  i n i t i a t i o n  o f  i n c u b a t i o n ,  a i r  t e m p e r a ­

t u r e ,  and t im e  of  d a y ) .  These  d a t a  w ere  t r e a t e d  s t a t i s t i ­

c a l l y  w i t h  r e p l i c a t e d  goodness  o f  f i t  ( G - s t a t i s t i c s )  f o r  

d e t e r m i n i n g  s i g n i f i c a n t  d i f f e r e n c e s  and a p o s t e r i o r i  t e s t s  

f o r  f i n d i n g  d e v i a n t  g ro u p s  by s i m u l t a n e o u s  t e s t i n g  p r o c e d u r e s  

(S o k a l  and R o h l f  1969)« S ix  n e s t s  r e p r e s e n t i n g  a  t o t a l  of  

207 h o u r s  were  so a n a ly z e d  ( f i g s .  4 - 6 ) .  B r o o d - p a t c h  tem­

p e r a t u r e  and i n c u b a t i o n  b e h a v i o r  were  r e l a t e d  to  g i v e n  a i r
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t e m p e r a t u r e s  by n o t i n g  w h e th e r  t h e  a t t e n d i n g  b i r d  was s i t ­

t i n g  o r  s t a n d i n g  ov e r  t h e  eggs a t  t h e  v a r i o u s  t e m p e r a t u r e s .

TÎ»
RESULTS MD DISCUSSION

I n  a r e v ie w  of  i n c u b a t i o n  i n  b i r d s  D ren t  (1973) r e p o r t e d  

t h a t  s e v e r a l  s p e c i e s  show p o s i t i v e  c o r r e l a t i o n s  be tw een  i n ­

t e r n a l  egg t e m p e r a t u r e  and a i r  t e m p e r a t u r e  w h i l e  o t h e r  

s p e c i e s  do n o t .  T e m p e ra tu re s  of  Snowy P l o v e r  eggs on th e  

G r e a t  S a l t  P l a i n s  show a  s t r o n g  c o r r e l a t i o n  w i t h  a i r  tem­

p e r a t u r e  ( f i g .  3 ) — t o  th e  e x t e n t  t h a t  t o  a s s i g n  a " r e p r e ­

s e n t a t i v e  measurement"  (D re n t  1973) of  egg t e m p e r a t u r e  i n ­

d e p e n d e n t  o f  a i r  t e m p e r a t u r e  f o r  th e  p l o v e r  would be a r b i ­

t r a r y .  Two f a c t o r s  c o n t r i b u t e  to  t h i s  o b s e r v a t i o n .  F i r s t ,  

o n ly  d i u r n a l  o b s e r v a t i o n s  were  made, and b r o o d in g  b e h a v i o r  

was f r e q u e n t l y  i n t e r r u p t e d  by a c t i v i t i e s  such  as  f o r a g i n g ,  

p i c k i n g  a ro un d  t h e  n e s t ,  and egg t u r n i n g .  Such a c t i v i t i e s  

p r o b a b l y  do n o t  o c c u r  a t  n i g h t ;  t h u s ,  n o c t u r n a l  egg t e m p e r a ­

t u r e s  p r o b a b l y  would be h i g h e r  t h a n  a i r  t e m p e r a t u r e  and th e  

c o r r e l a t i o n  w i t h  a i r  t e m p e r a t u r e  would be r e d u c e d .  R u s s e l l  

( 1969) d e m o n s t r a t e d  t h i s  f o r  d e s e r t - d w e l l i n g  d o v e s .  Seconu,  

the  u s e  o f  a dead egg t o  c h a r a c t e r i z e  egg t e m p e r a t u r e s  does 

n o t  a l lo w  f o r  t h e  e f f e c t  of  embryonic  h e a t  p r o d u c t i o n .

D re n t  (1970)? u s i n g  a r e s p i r o m e t e r  on H e r r in g  G u l l  ( Larus  

a r g e n t a t u s ) e g g s ,  found  t h a t  a f t e r  t h e  l 4 t h  day embryonic  

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

t e m p e r a t u r e  above t h a t  of  t h e  a i r  im m e d ia te ly  i n  c o n t a c t  

w i t h  t h e  egg.
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My d a t a  from dead eggs  show t h a t  l e t h a l  c o n d i t i o n s  

o c c u r  on th e  s a l t  f l a t s  and t h a t  p a r e n t a l  i n c u b a t i o n  b e ­

h a v i o r  m o d e r a te s  f l u c t u a t i o n  i n  egg t e m p e r a t u r e .  The m ax i ­

mum t e m p e r a t u r e  r e c o r d e d  f o r  eggs  o u t s i d e  t h e  n e s t  was C 

as compared w i t h  ^ 3 °  C f o r  eggs  i n  t h e  n e s t s .  The l a t t e r  

t e m p e r a t u r e  l a s t e d  o n ly  b r i e f l y  to w a rd  th e  end o f  a p e r i o d  

when th e  p a r e n t s  had  n o t  a t t e n d e d  t h e  n e s t .  Eggs o u t s i d e  

t h e  n e s t  more c l o s e l y  p a r a l l e l  a m b ie n t  t e m p e r a t u r e s  t h a n  do 

eggs  i n  t h e  n e s t  ( f i g .  k). Eggs i n  t h e  n e s t  became c o o l e r  

t h a n  u n a t t e n d e d  eggs when t h e  a i r  t e m p e r a t u r e  r o s e  t o  a b o u t  

3 3°  C. A l s o , . t h e  f o r m e r  a r e  c o o l e r  t h a n  a m b ien t  c o n d i t i o n s  

a t  a i r  and s u r f a c e  t e m p e r a t u r e s  o f  3 8 - 39° C; t h i s  does  n o t  

o c c u r  i n  u n a t t e n d e d  e g g s .  Thus ,  t h e r e  was a s t r i k i n g  con­

t r a s t  b e tw een  t h e  t e m p e r a t u r e s  o f  u n p r o t e c t e d  e g g s ,  w hich  

r o u g h l y  p a r a l l e l e d  a m b ien t  c o n d i t i o n s ,  and o f  t h e  p r o t e c t e d  

eggs  w h ic h  w ere  l e s s  a f f e c t e d  by t h e  w e a t h e r .

S e v e r a l  a d u l t  b e h a v i o r s  a f f e c t  egg t e m p e r a t u r e s .  As 

w i t h  o t h e r  s p e c i e s  (D re n t  I 9 ? 0 ) j  t im e  d e v o te d  t o  t h e  eggs 

i n c r e a s e s  w i t h  d u r a t i o n  o f  i n c u b a t i o n  ( f i g .  5)*

Time of day i s  a l s o  c o r r e l a t e d  w i t h  i n c u b a t i n g  a t ­

t e n t i v e n e s s  ( f i g .  6 ) .  P l o v e r s  w e re  q u i t e  a t t e n t i v e  m ost  of  

t h e  day ,  b u t  a  d i s t i n c t  d e c r e a s e  o c c u r r e d  i n  l a t e  a f t e r n o o n .  

T h is  c o i n c i d e d  w i t h  a m a jo r  f o r a g i n g  p e r i o d  j u s t  b e f o r e  

n i g h t f a l l .  No com parab le  d e c r e a s e  o c c u r r e d  i n  t h e  e a r l y  

m orn ing  h o u r s  w hich  r e p r e s e n t e d  a second  m a jo r  f o r a g i n g  

p e r i o d .  K ende igh  (1952) f o u n d  a d ro p  i n  a t t e n t i v e n e s s
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d u r in g  t h e  d a y l i g h t  h o u r s  f o r  House Wrens (T r o g l o d y t e s  a e d o n ) , 

b u t  i t  was n o t  as  s h a r p  as  t h a t  shown i n  f i g .  6.  N or ton  

( 1972) ,  w ork ing  w i t h  A r c t i c - b r e e d i n g  s a n d p i p e r s ,  a l s o  found  

d e c r e a s e d  a t t e n t i o n  d u r i n g  t h e  day.

A t t e n t i v e n e s s  i s  s i g n i f i c a n t l y  r e d u c e d  when th e  am­

b i e n t  t e m p e r a t u r e  i s  be tw een  31°  and C ( f i g .  7)?  & 

t h e r m a l l y  m o d e ra te  r a n g e  f o r  m ost  b i r d s .  At m o d e ra te  tem­

p e r a t u r e s  th e  a d u l t s  can  be away from th e  n e s t  w i t h  l i t t l e  

t h e r m a l  d a n g e r  t o  t h e  eg g s .  A t t e n t i v e n e s s  i s  maximal a t  

t e m p e r a t u r e s  of *+1-*+5° C, w h ich  p r o b a b l y  a r e  n e a r  l e t h a l  

c o n d i t i o n s .  T h is  a g r e e s  w i t h  von H a a r t m a n ' s  (1956) o b s e r ­

v a t i o n s  on s e v e r a l  o t h e r  s p e c i e s  of  b i r d s .  S i m i l a r l y ,

Howell  and Bartholomew (1962) fou n d  t h a t  when a Sooty  Tern 

( S t e r n a  f u s c a t a ) n e s t  i s  exposed  t o  i n t e n s e  midday h e a t ,  the  

a d u l t s  a r e  e x t r e m e l y  t e n a c i o u s  i n  s t a y i n g  w i t h  t h e i r  eg g s .

M odera te  a i r  t e m p e r a t u r e s  and l a t e  a f t e r n o o n s ,  b o th  

o f  w h ich  c o r r e s p o n d  w i t h  d i m i n i s h e d  n e s t  a t t e n t i o n ,  o f t e n  

o c c u r  s i m u l t a n e o u s l y .  A lso ,  th e  f i r s t  t h i r d  o f  th e  i n c u b a ­

t i o n  p e r i o d  t e n d s  t o  be e a r l y  i n  t h e  s e a s o n ,  i n c r e a s i n g  th e  

l i k e l i h o o d  o f  m o d e ra te  t h e r m a l  c o n d i t i o n s .  Thus t h e  f a c t o r s  

c o r r e l a t e d  w i t h  n e s t  a t t e n t i v e n e s s  i n  t h e  Snowy P l o v e r  a r e  

n o t  i n d e p e n d e n t l y  r e l a t e d .

At h i g h  t e m p e r a t u r e s  t h e  a d u l t s  o f  many s p e c i e s  of 

b i r d s  s t a n d  o ve r  t h e  n e s t  so  t h a t  a  shadow f a l l s  on th e  

e g g s ;  Boyd (1972) and R i t t i n g h a u s  (1961) h a v e  r e p o r t e d  t h i s  

f o r  t h e  Snowy P l o v e r .  F i g .  8 c l e a r l y  i n d i c a t e s  t h a t  the
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f r e q u e n c y  of  s t a n d i n g  i s  a f u n c t i o n  o f  am b ien t  t e m p e r a t u r e .  

At a i r  t e m p e r a t u r e s  above ^ 1 °  C s t a n d i n g  o c c u r s  more f r e ­

q u e n t l y  t h a n  s i t t i n g  w h i l e  f i g .  8 a l s o  shows t h a t  t h e r e  i s  

no s i g n i f i c a n t  i n c r e a s e  i n  t h e  t e m p e r a t u r e  a t  t h e  top  o f  th e  

e g g s .  Brood p a t c h  t e m p e r a t u r e  r em a ined  e s s e n t i a l l y  cons ta i ' i t  

t h r o u g h o u t  t h e  r a n g e  of  e x t e r n a l  a i r  t e m p e r a t u r e s .  I n  1956 

W a l t e r s  r e c o r d e d  b ro o d  p a t c h  t e m p e r a t u r e s  i n  Snowy P l o v e r s  

w i t h  a m ercu ry  b u l b  the rm om ete r  p l a c e d  i n  a p o s i t i o n  com­

p a r a b l e  t o  t h e  t h e r m i s t o r s  u s e d  i n  t h i s  s t u d y .  His  mean of 

4 0 . 8 °  i s  somewhat h i g h e r  t h a n  th e  means I  o b t a i n e d ,  b u t  

r e a d i n g s  above 4-0° C w ere  common i n  my s t u d y .

Both  m ale  and fem a le  Snowy P l o v e r s  i n c u b a t e  t h e  eggs 

(W a l t e r s  1958, R i t t i n g h a u s  1 9 6 1 ) .  F i g .  9 i n d i c a t e s  t h a t  th e  

d u r a t i o n  of  a p a r e n t a l  s h i f t  i s  r e l a t e d  to  t h e  e x t e r n a l  

t h e r m a l  e n v i r o n m e n t .  At c o o l  and m o d era te  a i r  t e m p e r a t u r e s  

s h i f t s  a r e  l o n g — o f t e n  more t h a n  16 h r s .  I n  h o t  w e a t h e r  th e  

s h i f t s  a r e  much s h o r t e r ,  and a t  a i r  t e m p e r a t u r e s  above 4-0° 0 

t h e  s h i f t s  a r e  l e s s  t h a n  1 h r  l o n g .  Boyd (1972) showed con­

v i n c i n g l y  t h a t  d u r i n g  h o t  w e a t h e r  Snowy P l o v e r s  a p p ly  m o is ­

t u r e  c o l l e c t e d  i n  t h e i r  b r e a s t  f e a t h e r s  from n e a r b y  p o o l s  to  

t h e  egg s u r f a c e s .  He r e p o r t e d  s i m i l a r  b e h a v i o r  f o r  K i l l d e e r  

(C h a r a d r i u s  v o c i f e r u s ) .  I n c r e a s e s  i n  t h i s  b e h a v i o r  may a c ­

c o u n t  f o r  t h e  r e d u c e d  s h i f t  d u r a t i o n  a t  h i g h  a i r  t e m p e r a ­

t u r e s  ( f i g .  9 ) .

D re n t  (1973) c o n c lu d e d  t h a t  b e h a v i o r s  such  as  s t a n d ­

in g  ov e r  t h e  eggs and w e t t i n g  t h e  eggs w i t h  e x t e r n a l  w a te r
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a r e  m ere ly  f o r  a d u l t  t h e r m o r e g u l a t i o n ,  and t h a t  any b e n e f i t  

f o r  th e  eggs i s  c o i n c i d e n t a l .  However, a n a l y s i s  o f  the  

t e m p e r a t u r e s  a t  th e  top  o f  t h e  p l o v e r ’ s eggs i n d i c a t e  t h a t  

s t a n d i n g  may b e ,  a t  t i m e s ,  more e f f e c t i v e  t h a n  s e t t i n g  i n  

k e e p in g  t h e  eggs c o o l .  With  a i r  t e m p e r a t u r e s  g r e a t e r  th a n  

3 6 ° C, 53 m easurem ents  a t  t im es  when a d u l t s  were  s t a n d in g  

ove r  t h e  eggs showed a mean egg t e m p e r a t u r e  of  39*58° C, 

w h i l e  63 com parab le  r e a d i n g s  t a k e n  when t h e  p a r e n t s  were  

s i t t i n g  had a mean of  >+0.07° C. A n a l y s i s  of  v a r i a n c e  i n d i ­

c a t e d  a s i g n i f i c a n t  d i f f e r e n c e  be tw een  t h e s e  two means a t  

t h e  .0 5  l e v e l .  These f i g u r e s ,  c o u p le d  w i t h  t h e  g r e a t e r  i n ­

c id e n c e  of s t a n d i n g  a t  h i g h e r  a i r  t e m p e r a t u r e s  ( f i g .  8) 

im ply  t h a t  s t a n d i n g  may be an e f f i c i e n t  way to  keep  th e  eggs 

f rom  o v e r h e a t i n g ,  e s p e c i a l l y  when combined w i t h  egg w e t t i n g .

However th e  above e f f e c t  may be tem pered  by w ind .  

Purdue (19743 showed t h a t  th e  u n v e g e t a t e d  s a l t  f l a t s  r e c e i v e  

much more wind a c t i o n  t h a n  t h e  s u r r o u n d i n g  g r a s s l a n d s .

F i g .  10 shows a s t a t i s t i c a l l y  s i g n i f i c a n t  n e g a t i v e  r e l a t i o n ­

s h i p  be tw een  th e  i n c i d e n c e  of  s t a n d i n g  over  th e  eggs and 

wind speed  when a i r  t e m p e r a t u r e s  a r e  g r e a t e r  t h a n  36° C.

T h is  r e l a t i o n s h i p  may be th e  r e s u l t  o f  a t  l e a s t  two n on ­

e x c l u s i v e  f a c t o r s .  F i r s t ,  a t  h i g h  v e l o c i t y ,  w inds  c a r r y  

a long  t h e  s u b s t r a t e  s u r f a c e  many sand  and s a l t  p a r t i c l e s  

w hich  can  be q u i t e  a b r a s i v e .  Second,  h i g h  wind speed  would 

b r e a k  up th e  boundary  l a y e r  o f  a i r  s u r r o u n d i n g  th e  eggs and 

a t  h i g h  t e m p e r a t u r e s  i n c r e a s e  t h e  t r a n s f e r  of  h e a t  to  t h e
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e g g s .  By s i t t i n g  on th e  eggs d u r in g  t h i s  t im e  t h e  p a r e n t a l  

b i r d  p r o t e c t s  t h e  eggs from b o th  h a z a r d s .  W hi te -w ing ed  Dove 

( Z e n a id a  a s i a t i c a ) i n  t h e  s o u t h w e s t e r n  American d e s e r t ,  p r e ­

sumably w i t h  l i m i t e d  s t a n d i n g  w a t e r  f o r  b r e a s t  w e t t i n g ,  s a t  

t i g h t l y  on th e  eggs when am b ien t  t e m p e r a t u r e s  were  e x ­

t r e m e l y  h i g h  ( R u s s e l l  1969) .  I n  b o th  t h e  doves  and th e  

p l o v e r s ,  h e a t  f rom th e  eggs was p r o b a b l y  t r a n s f e r r e d  to  th e  

a d u l t  v i a  t h e  b rood  p a t c h .

I n  c o n c l u s i o n ,  th e  Snowy P l o v e r  n e s t s  i n  an a r e a  

w here  eggs can  be exposed  a lm o s t  d a i l y  t o  l e t h a l  th e rm a l  

c o n d i t i o n s .  The p a r e n t a l  b i r d s  r e s p o n d  w i t h  a v a r i e t y  of  

i n c u b a t i n g  b e h a v i o r s  w hich  a r e  f i n e l y  tu n ed  t o  am b ien t  con­

d i t i o n s ,  t h u s  m a i n t a i n i n g  a s u i t a b l e  t h e r m a l  en v iro n m en t  

f o r  t h e  eg gs .

SUMMARY

The th e r m a l  e n v i ro n m en t  of  t h e  eggs o f  Snowy P l o v e r s  was 

m easu re d  by p l a c i n g  t h e r m i s t o r s  i n  eggs and i n  s t r a t e g i c  po­

s i t i o n s  a round  th e  n e s t .  Eggs w hich  were  o u t s i d e  th e  n e s t  

and t h e r e f o r e  n o t  r e c e i v i n g  a d u l t  a t t e n t i o n  a t t a i n e d  mucli 

h i g h e r ,  p resu m ab ly  f a t a l ,  t e m p e r a t u r e s  w h i l e  eggs  i n s i d e  th e  

n e s t  were  k e p t  c o o l e r .  Egg t e m p e r a t u r e s  w ere  p o s i t i v e l y  c o r ­

r e l a t e d  w i t h  a i r  and s u r f a c e  t e m p e r a t u r e s ,  b u t  t h e r m a l  e x ­

t r e m e s  were  m o d e ra ted  by p a r e n t a l  b e h a v i o r .

Time s p e n t  on t h e  n e s t s  by t h e  a d u l t s  was c o r r e l a t e d  

w i t h  s e v e r a l  i n t e r r e l a t e d  f a c t o r s .  N es t  a t t e n t i o n  i n c r e a s e d
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during the latter two-thirds of the incubation period :md 

during times of high air temperature. Nest attention di­

minished in late afternoon, a period of peak foraging ac­

tivity and moderate temperatures. The duration of each 

shift at the nest was reduced at high air temperatures while 

the amount of time spent standing rather than sitting over 

the nest increased. High wind speeds reduced the latter 

tendency.
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Figure Legends

FIGURE 1. Schem atic  d iag ram  of  p la c e m e n t  of  t h e r m i s t o r s  In  

and n e a r  Snowy P l o v e r  n e s t s .  m easu re s  a i r  t e m p e r a t u r e ,  

t e m p e r a t u r e  o f  egg ,  TgQN t e m p e r a t u r e  of  egg o u t  of  the  

n e s t ,  Tgp t e m p e r a t u r e  on to p  of  e g g s ,  and Tg s u r f a c e  tem­

p e r a t u r e  .

FIGURE 2. D i s t r i b u t i o n  o f  o b s e r v a t i o n s  t h r o u g h o u t  t h e  day.  

D a ta  p o o le d  f o r  e n t i r e  s t u d y .

FIGURE 3* E f f e c t  o f  a i r  t e m p e r a t u r e  on egg t e m p e r a t u r e .

FIGURE 4-. E f f e c t  o f  p a r e n t a l  b e h a v i o r  on egg t e m p e r a t u r e .  

See f i g u r e  1 f o r  a b b r e v i a t i o n s .

FIGURE 5* E f f e c t  o f  d u r a t i o n  of  i n c u b a t i o n  on a d u l t  a t ­

t e n t i v e  b e h a v i o r .  H o r i z o n t a l  l i n e  i n d i c a t e s  homogeneous 

g ro u p s  a c c o r d i n g  t o  STP t e s t  ( s e e  t e x t ) .

FIGURE 6 .  E f f e c t  o f  t im e  of day on a d u l t  a t t e n t i v e  b e ­

h a v i o r .  See f i g u r e  5 f o r  e x p l a n a t i o n .

FIGURE 7* E f f e c t  o f  a i r  t e m p e r a t u r e  on a d u l t  a t t e n t i v e  

b e h a v i o r .  See f i g u r e  5 f o r  e x p l a n a t i o n .
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FIGURE 8. E f f e c t  of a i r  t e m p e r a t u r e  on s t a n d i n g  b e h a v i o r  

and t e m p e r a t u r e  on top  of eg g s .

FIGURE 9 . E f f e c t  of a i r  t e m p e r a t u r e  on d u r a t i o n  of  p a r e n t a l  

s h i f t .

FIGURE 10. E f f e c t  of wind on s t a n d i n g  over  t h e  n e s t .
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