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Abstract:
A study of temperature acclimatization of the black-billed magpie (Pica pica hudsonia) from
southwestern Montana was done. One hundred eighteen birds were used in the study. The basal
metabolic rate for newly captured birds in September and December was. 1.71±.52 cc02/g hr. A
significant difference (P<.05) was found between April birds caged outside and birds taken in
September and December with regard to metabolic rates. Thermal conductivities were higher in birds
taken in late August and early September than in the December birds. Also respiratory water loss was
significantly higher in late summer birds than at any other time.

The lipid indices was highest in the spring, correlating with reduced oxygen consumption rate at that
time. There were no significant differences among birds with regard to water index, protein bound
iodine, corticosterone or hematocrit.

It is proposed that black-billed magpies are limited in their eastward distribution in the mid-western
United States by the lethal combination of high ambient temperatures and high relative humidities.

t Z 



TEMPERATURE ACCLIMATIZATION IN THE BLACK-BILLED 
MAGPIE (PICA PICA HWSONIa3 SABINEy)

by

ROBERT EUGENE STEVENSON

A t h e s i s  s u b m it te d  t o  
f u l f i l l m e n t  o f  th e

th e  G ra d u a te  F a c u l ty  i n  p a r t i a l  
r e q u ir e m e n ts  f o r ' t h e  d e g re e

o f

DOCTOR OF PHILOSOPHY

in

Z oology

G ra d u a te  XDean

MONTANA STATE UNIVERSITY 
Bozem an, M ontana

D ecem ber, 1971



iii

ACKNOWLEDGMENT

I  am d e e p ly  in d e b te d  to  my m a jo r  a d v i s o r ,  D r. H a ro ld  P i c t o n , 

f o r  s u g g e s t in g  t h i s  p ro b le m  and p r o v id in g  n eed ed  a d v ic e  and 

en co u ra g e m e n t th ro u g h o u t  th e  s tu d y .  D r. G eorge D avis k in d ly  

f u r n i s h e d •th e  s p a c e  n e c e s s a ry  f o r  h o u s in g  th e  b i r d s .  Mr. A l le n  

B e e c k le r  and  h i s  s t a f f  gave  v a lu a b le  a d v ic e  and a s s i s t a n c e  i n  

d e a l in g  w ith  t h e  c a re  o f  b i r d s  and s u p p ly in g  equ ipm en t and. f e e d  

w h enever n e e d e d . D r. Edw ard Moody was v e ry  g e n e ro u s  w ith  a d v ic e ,  

t im e  and eq u ip m e n t i n  d e a l in g  w i th  th e  horm one a s s a y ,  a s  was D r. 

L a r ry  J a c k so n  w i th  th e  l i p i d  w ork . Many th a n k s  a r e  due D r.

K enneth  T i a h r t  f o r  h e lp  w i th  th e  s t a t i s t i c a l  a n a l y s i s .  Thanks 

a r e . a l s o  due D r. W illia m  D organ f o r  p ro v id in g , cag es  and, t o  D rs . 

R o b e r t E ng , L e ly n  S tad n y k  and  Jam es L i e b e l t  f o r  a s s i s t i n g  w ith  

th e  t r a p p in g  o f  th e  b i r d s .  F i n a l l y ,  I  w an t t o  e x p re s s  my s in c e r e  

th a n k s  t o  my w i f e ,  P a u l i n e , f o r  en co u ra g e m e n t th r o u g h o u t .my te n u re  

as  a  g ra d u a te  s tu d e n t .  T h is  work was f in a n c e d  i n  p a r t  by  a 

N a t io n a l  S c ie n c e  F o u n d a tio n  T r a in e e s h ip .



iv

TABLE OF CONTENTS

V IT A ......................... i .................... ............................................... ....  i i

ACKNOWLEDGMENT ........................................................................    i i i

LIST OF TABLES .............................................................................  . . ' .  . ' . . V

LIST OF FIGURES ................................................. . . . . . . . . . . . .  v i

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i i

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . .  I

MATERIALS AND METHODS . . . . . . . . . . . . . . . . . . . .  3

T ra p p in g , H ousing  and B lood  Removal  .......................  3
Oxygen C onsum ption  and R e s p i r a to r y  W ater Loss

M easurem ents ......................................     4
Body T e m p e ra tu re H o rm o n e  and L ip id  A n a ly ses  . .....................  6

RESULTS . . . . ' .  . . . . . ' .  . . . '. . . . ' . . . . ' 8

P h y s i o lo g i c a l  A c c l im a t i z a t io n  8
I n s u l a t i o n  20 .•
B e h a v io r  and  T e m p era tu re -  ...........................  23

DISCUSSION . .................................. .... ......................................................... ....  '. . . 24

T e m p era tu re  A c c l im a t i z a t io n  . . . . . . . . . . . . . . .  24
D i s t r i b u t i o n  and C l im a t ic  F a c to r s  ............................    28

Page

LITERATURE CITED 31



V

■ LIST OF TABLES

Io T h e rm o n e u tra l  r a n g e s , means o f  oxygen co n su m p tio n  r a t e s  
w i th in  th e  t h e n i o n e u t r a l  r a n g e s  and r e g r e s s io n  c o e f ­
f i c i e n t s  o f  l i n e s  f i t t e d  by  m ethod  o f  l e a s t  s q u a re s  . . . . 9

I I .  H e m a to c r i t ,  p r o t e i n  bound io d in e  and c o r t i c o s t e r o n e  mean
v a lu e s  f o r  b l a c k - b i l l e d  m agp ies .........................'................................  . 9

I I I . Mean th e r m a l  c o n d u c t iv i t y  v a lu e s  o f  th e  b l a c k - b i l l e d
m agpie  be low  a m b ie n t te m p e ra tu re s  o f  20 C . . . . . . . . .  15

IV . M easurem ents o f  c o n to u r  f e a t h e r s  ta k e n  from  t h r e e  a r e a s
o f  th e  body o f  one b l a c k - b i l l e d  m a g p i e .................................. .. .. . 22

■ z

Table ' Page



vi

LIST OE FIGURES

1. Mean m o n th ly  te m p e ra tu re  i n s i d e  b a rn  (1970-71) and  mean
m o n th ly  o u t s id e  te m p e ra tu re  a t  M ontana S t a te  U n iv e r s i ty  
cam pus, Bozem an, M ontana b a s e d  on 50 y e a r  r e c o r d  
(1909-1958) . M ont. A g r ic . E x p t . S t a .  (1967) 10

2 . V a r ia t io n s  i n  oxygen co n su m p tio n  v s .  a m b ie n t te m p e ra tu re  
o f  b l a c k - b i l l e d  m ag p ies  f o r  d i f f e r e n t  m onths and l i g h t  
s c h e d u le s .  R e g re s s io n  e q u a t io n s  w ere  d e te rm in e d  by
m ethod o f  l e a s t  s q u a re s  ................................................ ............................ 12

3. V a r i a t i o n  i n  r e s p i r a t o r y  w a te r  l o s s  v s .  a m b ien t te m p e ra ­
t u r e  o f  b l a c k - b i l l e d  m agp ies f o r  d i f f e r e n t  m onths and 
l i g h t  s c h e d u le s .  C u r v i l i n e a r  r e g r e s s i o n  e q u a tio n s

Figure . Page

a r e  shown . . . . . . . . . . . .  .....................................................  13

4. V a r ia t io n s  i n  th e rm a l  c o n d u c t i v i t i e s  v s .  am b ie n t 
te m p e ra tu re  o f  b l a c k - b i l l e d  m ag p ies  f o r  d i f f e r e n t  
m onths and  l i g h t  s c h e d u le s  v ..................................  . . . . . . .  14

5. S e a s o n a l 'c h a n g e s  i n  l i p i d  in d e x  (w e ig h t o f  f a t / f a t - f r e e  
d ry  w e ig h t)  o f  b l a c k - b i l l e d  m a g p ie s . Numbers a t  e a ch
p o i n t  i n d i c a t e  sam p le  s i z e  ........................  16

6 . S e a s o n a l  ch an g es  i n  w a te r  in d e x  (gram s w a t e r / f a t - f r e e  
■ d ry  w e ig h t)  o f  b l a c k - b i l l e d  m a g p ie s . Numbers a t  each

p o i n t  i n d i c a t e  sam ple  s i z e  . . . . . . . . . . .  ...................  17

7. • C lo a c a l  te m p e ra tu re  - (Tj3) v s .  a m b ie n t te m p e ra tu re  (Ta ) ^
B ir d s  w ere  d e a d  upon  t e r m in a t io n  o f  e x p e r im e n t  19

8. C lo a c a l  te m p e ra tu re  (Tj3) v s .  day l e n g t h .  T w e n ty -fo u r  
h o u r  c lo c k  u s e d  f o r  t im e  . . . . . . . . . . . . . . . . . 21



ABSTRACT

vii

A s tu d y  o f  te m p e ra tu re  a c c l im a t i z a t i o n  o f  th e  b l a c k - b i l l e d  m agpie 
(P ica 'p'laa hudsorvia) from  s o u th w e s te rn  M ontana was do n e . One h u n d red  
e ig h te e n  b i r d s  w ere  u se d  i n  th e  s tu d y .  The b a s a l  m e ta b o l ic  r a t e  f o r  
new ly  c a p tu r e d  b i r d s  i n  S ep tem b er and Decem ber was; 1 .7 1 ± ;5 2  c c ^ g /g  h r .  
A s i g n i f i c a n t  d i f f e r e n c e  (P < .05) was fo und  b e tw een  A p r i l  b i r d s  caged  
o u t s id e  and  b i r d s  ta k e n  i n  S ep tem ber and  December w ith  r e g a r d  to  
m e ta b o l ic  r a t e s .  T herm al c o n d u c t i v i t i e s  w ere h ig h e r  i n  b i r d s  ta k e n  
i n  l a t e  A u g u st and e a r l y  S ep tem ber th a n  i n  th e  December b i r d s .  A lso  
r e s p i r a t o r y  w a te r  l o s s  was s i g n i f i c a n t l y  h ig h e r  in  l a t e  summer b i r d s  
th a n  a t  any o t h e r  t im e .

The l i p i d  i n d ic e s  was h i g h e s t  i n  th e  s p r i n g ,  c o r r e l a t i n g  w ith  
r e d u c e d  oxygen co n su m p tio n  r a t e  a t  t h a t  t im e . T here  w ere  no s i g n i f i ­
c a n t  d i f f e r e n c e s  among b i r d s  w i th  r e g a r d  to  w a te r  in d e x ,  p r o t e i n  
bound i o d i n e ,  c o r t i c o s t e r o n e  o r  h e m a to c r i t .

I t  i s  p ro p o se d  t h a t  b l a c k - b i l l e d  m agp ies a r e  l i m i t e d  i n  t h e i r  
e a s tw a rd  d i s t r i b u t i o n  i n  th e  m id -w e s te rn  U n ite d  S t a t e s  by th e  l e t h a l  
c o m b in a tio n  o f  h ig h  a m b ie n t te m p e ra tu re s  and h ig h  r e l a t i v e  h u m id i t i e s .
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INTRODUCTION

A vian  a d a p ta t i o n  t o  te m p e ra tu re  h a s  b e e n  s tu d i e d  by num erous 

i n v e s t i g a t o r s o Dawson and  Hudson (1970) p ro v id e  a  co m p reh en siv e  

re v ie w  o f  th e  a v a i l a b l e  in f o r m a t io n  on te m p e ra tu re  r e g u l a t i o n  in  

v a r io u s  b i r d  f a m i l i e s .

My s tu d y  in v o lv e s  a  C o rv id , th e  b l a c k - b i l l e d  m agpie  (Pica pica  

hudsonia S a b in e y) . B l a c k - b i l l e d  m agp ies a r e  p e rm a n e n t r e s i d e n t s  o f  

many a r e a s  i n  M ontana and th e y  m u st w i th s ta n d  te m p e ra tu re  e x tre m e s  

from  41 C t o  -4 6  C (105 F to  -5 0  F ) , o c c a s io n a l  w inds o f  h ig h  v e lo c i ty ' 

and  v a ry in g  snow d e p th s .  P rim e h a b i t a t  f o r  t h e s e  b i r d s  i s  b r u s h y , 

t r e e  f i l l e d  c o u le e s  and  l a r g e  b u sh e s  and t r e e s  a lo n g  s tr e a m  b o tto m s 

b o r d e r in g  open  a g r i c u l t u r a l  l a n d s .  They a r e  seldom  fo und  i n  m ountain-s­

ous t e r r a i n  o r  t a i g a  and  te n d  to  a v o id  th e  open t r e e l e s s  p r a i r i e .  The' 

b l a c k - b i l l e d  m agpie  was ch o sen  f o r  t h i s  s tu d y  b e c a u se  o f  i t s  a p p a re n t  

h a r d i n e s s , abundance  and r e l a t i v e  a c c e s s i b i l i t y .  ^

B l a c k - b i l l e d  m agp ies from  s o u th w e s te rn  M ontana showed no w e ig h t 

l o s s  d u r in g  th e  w in t e r  m onths a c c o rd in g  t o  Todd, 1968. E rp in o  (1 9 5 8 ), 

th ro u g h  th y r o id  h i s t o l o g y  o f  b l a c k - b i l l e d  m agp ies from  s o u th e r n  

Wyoming, found  no s p e c i f i c  re s p o n s e  t o  low te m p e r a tu r e s .

The p u rp o s e  o f  my s tu d y  was t o  i n v e s t i g a t e  th e  p h y s io l o g i c a l  

and b e h a v io r a l  m eans w hereby  th e  b l a c k - b i l l e d  m agpie i s  a b le  to  accom­

o d a te  i t s e l f  to  th e  te m p e ra tu re  reg im e  o f  t h i s  a r e a .  An e f f o r t  was 

made t o  d e te rm in e  i f  p h o to p e r io d  was im p o r ta n t  a s  a Zeitgebev f o r
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th e rm a l  a c c l i m a t i z a t i o n . . Oxygen c o n su m p tio n , r e s p i r a t o r y  w a te r  l o s s , 

th e rm a l  c o n d u c t i v i t y , l i p i d  and w a te r  i n d i c e s , h e m a t o c r i t ,  th y ro x in e  

and c o r t i c o s t e r o n e  l e v e l s  w ere  d e te rm in e d  from  b ird s -  t a k e n  d u r in g  l a t e  

summer and  th r o u g h o u t . t h e :w in te r  and from  th o s e  b i r d s  m a in ta in e d  on th e  

a r t i f i c i a l  p h o to p e r io d s : F i n a l l y ,  a  p r e l im in a r y  a n a ly s i s  was made o f

th e  e a s tw a rd  d i s t r i b u t i o n  o f  th e  b l a c k - b i l l e d  m agpie as  c o r r e l a t e d  w i t h ■ 

th e  c o m b in a tio n  o f  h ig h  te m p e ra tu re  and r e l a t i v e  h u m id i ty .



V  . / I

MATERIALS AND METHODS

T ra p p in g , H ousing  and  B lood  Removal 

A t o t a l  o f  118 b l a c k - b i l l e d  m agp ies w ere  c o l l e c t e d  w i th in  a 

tw e n ty  m i l e , r a d i u s  o f  Bozem an, M ontana. The t r a p  u se d  f o r  c a p tu r in g  

th e  b i r d s  was I  2 /3  m s q u a re  w ith  a  c o n e -sh a p e d  e n t r y  18 cm i n  le n g th  

r e s t i n g  on th e  g ro u n d  (Brown, 1 9 5 8 ) . B a i t  c o n s i s t e d  o f  cow and p ig  

v i s c e r a  and d ead  J a p a n e s e  q u a i l  (Coturnix o o tu m ix ) „ B ird s  w hich  w ere 

u se d  i n  th e  p h o to p e r io d  e x p e r im e n ts  w ere  cag ed  i n d i v i d u a l l y  in d o o rs  i n  

70 cm x 70 cm x 45 cm w ire  c a g e s „ The l i g h t  p ro v id e d  came from  two 40 

w a t t  f l u o r e s c e n t  lam ps s i t u a t e d  I  2 /3  m t o  3 m from  th e  c a g e s . L ig h t  

i n t e n s i t y  a t  th e  n e a r e s t  cage  was 4 f o o t  c a n d le s  and a t  th e  m ost d i s ­

t a n t  was 0=1 f o o t  cand le=  The l i g h t s  w ere  tu rn e d  on and o f f  a u to ­

m a t ic a l ly =

F o u r b i r d s  c a u g h t  on Ju n e  2 3 , 1970 and e i g h t  b i r d s  ta k e n  on J u ly  

9 , 1971 w ere  m a in ta in e d  o n .a  16L 8D l i g h t  s c h e d u le  (16 "hours o f  l i g h t  

and  8 h o u rs  o f  d a r k ,  b e g in n in g  a t  0 6 :0 0  and e n d in g  a t  2 2 :0 0  d a i ly )  

u n t i l  l a t e  November and e a r l y  Decem ber when th e y  w ere k i l l e d .  C o n tro l  

b i r d s  f o r  a l l  p h o to p e r io d  e x p e r im e n ts  were, k e p t  i n d i v i d u a l l y  o u ts id e  

i n  25 cm x 40 cm x 18 cm w ire  cag es  = N ine  b i r d s  c a p tu r e d  on December 

28 and 2 9 , 1970 w ere  u s e d  f o r  th e  9L 15D (0 8 :0 0 -1 7 :0 0 )  l i g h t  s c h e d u le .  

T hese  b i r d s  w ere  rem oved and  k i l l e d  a t  th e  end o f  M arch. Q u a il  was 

u s e d  a s  fo o d  e x c e p t  d u r in g  A u g u s t, 1970 when c h ic k e n  p a r t s  w ere 

s u b s t i t u t e d .  W ate r was a v a i l a b l e  ad lib itu m .
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B lood  was c o l l e c t e d  by  l i g h t l y  a n e s t h e s iz in g  a  b i r d  and th e n  

s e v e r in g  th e  c a r o t i d  a r t e r y  a b o u t 2 cm above th e  b a s e  o f  th e  neck,.

The body o f  th e  b i r d  was e l e v a te d  above th e  h ead  and a  p l a s t i c  tu b e  

p la c e d  a t  th e  s i t e  o f  th e  i n c i s i o n .  Up to  6 ml o f  b lo o d  c o u ld  be 

c o l l e c t e d  u s in g  th is -  t e c h n iq u e .  H e m a to c r i t  v a lu e s  w ere  o b ta in e d  by 

c e n t r i f u g i n g  b lo o d  c o l l e c t e d  i n  h e p a r in iz e d  m ic r o -h e m a to c r i t  tu b e s  in  

a  m ic r o - h e m a to c r i t  c e n t r i f u g e  f o r  20 m in u te s .  P e r c e n ta g e s  w ere r e a d  

on a  m e c h a n ic a l  h e m a to c r i t  r e a d e r .  Serum was c o l l e c t e d  by c e n t r i ­

fu g in g  w ho le  b lo o d  a t  3600 rpm f o r  20 m in u te s .  The serum  was s to r e d  

i n  c o rk e d  v i a l s  and  k e p t  f ro z e n  u n t i l  u s e d .

Oxygen C onsum ption  and R e s p i r a to r y  
W a te r L oss M easurem ents'

Oxygen c o n s u p tio n  was m easu red  u s in g  an open c i r c u i t  sy s te m . Two
, . ^

a n im a l cham bers w ere  u s e d . F o r  te m p e ra tu re s  above 10 C a  c y l i n d r i c a l  

1 8 .9  l i t e r  p l e x i g l a s s  c o n ta in e r  s u rro u n d e d  by a  3 cm w a te r  j a c k e t  was 

u s e d . One end  o f  th e  cham ber was s e a l e d  w i th  p l e x i g l a s s , th e  o th e r  end 

was s e a l e d  w i th  a rem o v ab le  c o rk  p lu g  4 cm t h i c k .  T e m p e ra tu re s  in  th e  

cham ber w ere r e a c h e d  and m a in ta in e d  by  u s in g  w a te r  h e a te d  and c i r c u ­

l a t e d  by a  B rinkm an u l t r a - t h e r m o s t a t .  Chamber te m p e ra tu re s  w ere 

m easu red  u s in g  a  m ercu ry  th e rm o m e te r  w h ich  was p e rm a n e n tly  i n s t a l l e d  

i n  th e  c o rk  e n d . The cham ber was k e p t  s e m i-d a rk e n e d  by  c o v e r in g  i t .

An a i r  pump was u se d  t o  f o r c e  a i r  th ro u g h  th e  sy s te m . A ir  e n te r in g  

th e  cham ber was d r i e d  by p a s s in g  i t  f i r s t  th ro u g h  D r i e r i t e =  O u tgo ing
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a i r  from  th e  cham ber p a s s e d  th ro u g h  a  c o p p e r  c o i l .m a in ta in e d  a t  room 

te m p e r a tu r e , a  f lo w  m e te r ,  and a  d r y in g  tu b e  f i l l e d  w i th  s i l i c a  g e l .

A Servom ex O xygen.A n a ly z e r  Type-OA 1 5 0 , d e s ig n e d  f o r  d i r e c t  r e a d in g s  - 

o f  oxygen  p e r c e n ta g e s , was u se d  t o  d e te rm in e  oxygen co n su m p tio n . F o r 

oxygen  c o n su m p tio n  d e te r m in a t io n s  a t  a m b ie n t te m p e ra tu re s  be low  10 C

th e  low  te m p e ra tu re  a n im a l cham ber was an  18^9 l i t e r  m e ta l  c a n . T h is
u

can  was f i t t e d  w ith  c o p p e r  tu b in g  f o r  e n t e r in g  and e x c i t i n g  a i r .  T h is  

a p p a ra tu s  was p la c e d  i n  a  C o le -P a rm er I n s t r u m e n t  Company low tem p e ra ­

t u r e  c a b in e t .  T e m p e ra tu re s  o f  ->41 C c o u ld  b e  re a c h e d  w i th  t h i s  

a p p a r a tu s .  I n  th e  cham bers b i r d s  r e s te d -  Qh.;;a11 ..cm'2 m esh -.sc reen  f i t t e d  

on a  r e c t a n g u l a r  p l a s t i c  p a n . The p a n  was f i l l e d  w ith  m in e r a l  o i l .  t o  

a  d e p th  o f  1 .5  cm. The m in e r a l  o i l  p r e v e n te d  f e c a l  m o is tu re  from  b e in g  

added  t o  th e  r e s p i r a t o r y  w a te r .  M o is tu r e - f r e e  a i r  was pumped th ro u g h  

a  c o p p e r  c o i l  p l a c e d  i n  a  f r e e z e r  i n  o r d e r  t o  re d u c e  th e  a i r  te m p e ra ­

t u r e  e n t e r i n g  th e  c h a m b e r- to  t h a t  o f  th e  f r e e z e r .  O u tg o in g  a i r  p a s s e d
3

th ro u g h  a n o th e r  - c o p p e r  c o i l  m a in ta in e d  a t  room te m p e r a tu r e .- A pump 

p ro d u c e d  an a i r  f lo w  b e tw e en  600 and 1010 c c /m in , u s u a l l y  a ro u n d  805 

c c /m in . H um id ity  in  b o th  cham bers was e s t im a te d  by  th e  m ethod o f  

L a s ie w s k i , A c o s ta  and B e r n s te in  (1 9 6 6 ). The mean r e l a t i v e  h u m id ity  . 

was 51% (ra n g e  26%-82%) b a s e d  on 95 d e te r m in a t io n s  a t  a  cham ber tem p era  

t u r e  above 20 C. The b i r d s  w ere  h e ld  u n d is tu r b e d  i n  th e  cham bers f o r  

a t  l e a s t  one h o u r  b e f o r e  th e  f i r s t  r e a d in g s  w ere  ta k e n .  A f t e r  t h i s  

p e r i o d  oxygen c o n su m p tio n  was r e c o rd e d  a t  f i v e  m in u te  i n t e r v a l s  f o r
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one h a l f  h o u r .  T hese  r e a d in g s  w ere a v e ra g e d  to  d e te rm in e  t h e - amount 

u s e d  by th e  b i r d  a t  t h a t  a m b ie n t t e m p e ra tu re .  A t l e a s t  one h o u r  was 

a llo w e d  t o  e la p s e  b e f o r e  a n o th e r  s e t  o f  oxygen co n su m p tio n  re a d in g s  

w ere  ta k e n .  T e m p e ra tu re s  w ere  n o t  changed  by  any s e t  am ount. A l l  

oxygen r e a d in g s  w ere  c o n v e r te d  t o  STP. R e s p i r a to r y  w a te r  l o s s  was 

d e te rm in e d  by  w e ig h in g  a  d r y in g  t u b e . f i l l e d  w ith  s i l i c a  g e l  t o  0 .1  mg, 

p a s s in g  o u tg o in g  a i r  th ro u g h  th e  tu b e  f o r  30 m in u te s  and  re w e ig h in g .

Body T e m p e ra tu re , Hormone and L ip id  A n a ly ses

D a i ly  body te m p e ra tu re  f l u c t u a t i o n s  w ere o b ta in e d  u s in g  a  s m a ll  

a n im a l t h e r m is to r  c o u p le d  t o  a  two c h a n n e l R u s tra k  a u to m a tic  c h a r t  

r e c o r d e r ;  The t h e r m is to r  was i n s e r t e d  tw o t o  t h r e e  c e n t im e te r s  i n t o  

th e  c lo a c a  and h e ld  i n  p l a c e  w ith  p in c h  clam ps a t t a c h e d  t o  th e  

r e c t r i c i e s .  The se co n d  c h a n n e l m easu red  a m b ie n t te m p e ra tu re .

B ird s  w ere  p r e p a r e d  f o r  l i p i d  a n a ly s i s  by p lu c k in g  and  th e n  r e -  . 

m oving th e  m anus; h e a d  and v i s c e r a .  The c a r c a s s  was w e ig h e d , homog­

e n iz e d  i n  a  b l e n d e r  o r  m ea t g r in d e r  and  oven d r i e d  a t '7 0  C o r  lo w e r .

The d r i e d  m a t e r i a l  was re w e ig h e d . A f r a c t i o n  o f  th e  d r i e d  m a te r i a l  

was p la c e d  i n  a S o x h le t  e x t r a c t o r  u s in g  p e tro le u m  e t h e r  (30 -60  C 

b o i l i n g  p o in t )  a s  th e  s o lv e n t .  E x t r a c t i o n s  l a s t e d  f o r  a t  l e a s t  e i g h t  

h o u r s , The m a jo r i ty  o f  th e  s o lv e n t  was e v a p o ra te d  by  f l a s h  e v a p o ra t io n  

and th e  re m a in d e r  rem oved by d r y in g  u n d e r  n i t r o g e n .  The l i p i d s  w ere 

th e n  w e ig h e d . T h y ro x in e  was a s s a y e d  by  th e  H ycel c u v e t t e  m ethod f o r  

th e  d e te r m in a t io n  o f  p r o t e i n  bound io d in e  (P B I) . Serum  c o r t i c o s t e r o n e
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was d e te rm in e d  by  th e  r a d io  p r o t e i n  b in d in g  a s sa y  m ethod o f  Murphy

(1967) as  m o d if ie d  by  Adams and W agner (1 9 7 0 ).

V a lu e s  f o r  th e rm a l  c o n d u c t i v i t i e s  w ere d e te rm in e d  f o r  a l l  b i r d s

from  th e  r e l a t i o n s h i p  (M u rish , 1 9 6 9 ):

c o n d u c ta n c e  - ( h e a t  p ro d u c e d  -  l o s s  by e v a p o ra t io n )
(body te m p e ra tu re  -  a m b ie n t te m p e ra tu re )

The c a l o r i c  e q u iv a l e n t  o f  O2 was a s su m e d ,to  be 4 .8  c a l /m l  O2 and th e

l a t e n t  h e a t  o f  e v a p o r a t io n  o f  w a te r  = 0 .5 8  c a l/m g  H2O.



RESULTS.

P h y s i o lo g i c a l  A c c l im a t i z a t io n

T h e rm o n e u tra l  r a n g e s  and th e  mean oxygen co n su m p tio n  v a lu e s  

w i th in  th e  th e r m d n e u tr a l  r a n g e s  f o r  m agp ies t e s t e d  a t  v a r io u s  tim e s  

th ro u g h o u t  th e  y e a r  and f o r  th o s e  s u b je c t e d  t o  a l t e r e d  p h o to p e r io d s  

a r e  shown i n  T a b le  I .  The u p p e r  c r i t i c a l  te m p e ra tu re s . ( T )  w ere 

s i m i l a r  i n  a l l  g ro u p s  t e s t e d  (35 C) e x c e p t  f o r  th e  M arch b i r d s  (40 C) 

m a in ta in e d  on a .9 L ' 15D p h t i to p e r io d .  The lo w er Tc v a r i e d  w ith  t h e .  

s e a s o n ,  b e in g  lo w e s t  (-10  C) i n  th e  December n a t u r a l  ( th o s e  b i r d s  

c a p tu r e d  and  im m e d ia te ly  t e s t e d )  and th e  December b i r d s  (-9  C) caged  

o u ts id e =  I t  was i n te r m e d ia t e  (® C) i n  th e  S ep tem b er n a t u r a l , December 

i n s i d e  b i r d s  (16L 8D) and th e  A p r i l  o u t s id e  cag ed  b i r d s .  The h i g h e s t  

low er- Tc (10 C) was from  M arch i n s i d e  b i r d s  I The w id e s t  sp an  e n c lo s e d  

by th e  th e r m o n e u tr a l  ra n g e  was 45° i n  December n a t u r a l  b i r d s  and th e  

n a r ro w e s t  w as 30°■i n  M arch i n s i d e  b i r d s .  Mean m on th ly  te m p e ra tu re s  

r e c o r d e d  i n s i d e  th e  u n h e a te d  b u i ld i n g  w h ich  h o u se d  th e  e x p e r im e n ta l  

b i r d s  and  o u td o o r  te m p e ra tu re s  from  th e  M ontana S t a t e  U n iv e r s i ty  

campus w e a th e r  s t a t i o n  a r e  shown i n  F ig .  I .

C om parison  o f  th e  mean oxygen co n su m p tio n s  from - th e  th e rm o n e u tra l  

r a n g e s  showed a  s i g n i f i c a n t l y  s m a l le r  d i f f e r e n c e  (P<.0 5 ) b e tw een  M arch 

b i r d s  and  a l l  o t h e r  b i r d s  t e s t e d  e x c e p t  f o r  th e . A p r i l  b i r d s  caged  o u t ­

s i d e .  The oxygen co n su m p tio n  o f  A p r i l  b i r d s  was a l s o  s i g n i f i c a n t l y  

s m a l le r  (P < .05) t h a n - th e  -December o u t s id e  and Decem ber i n s i d e  caged



T a b le  I .  T h e rm o n e u tra l r a n g e s ,  means o f  oxygen co n sum ption  r a t e s  w i th in  th e  th e rm o n e u tra l
ra n g e s  and r e g r e s s i o n  c o e f f i c i e n t s  o f  l i n e s  f i t t e d  by m ethod o f  l e a s t  s q u a re s .

S e p t .  (12 )i / D ec. (6) A p r i l  (3) 
O u ts id e

D ec. (7) 
O u ts id e

Dec. (9) 
I n s id e  16L 8D

March (9) 
I n s id e  9L 15D

Thermo­
n e u t r a l  
ra n g e  ( 0C) 0 to  35 -1 0  to  35 0 ,to  35 -9  t o  35 0 to  35 10 t o  40
Means and sd  
(cc 0 2/gm hr) 1 .6 8 1 .4 8 1 .7 4 1 .5 6 1 .3 7 1 .4 5 1 .9 8 1 .5 0 2 .0 0 1 . 8 0 1 .1 9 1 .4 5
R e g re s s io n
c o e f f i c i e n t s - .0 7 8 7 0 - .0 2 1 2 7 - .0 5 8 2 5 - .0 4 4 9 2  . - .0 0 7 3 0 - .0 6 8 9 9

—/  sam ple s i z e
com puted a v e ra g e  r e g r e s s io n  c o e f f i c i e n t  b  = - .0 5 5

i
VD
I

T a b le  I I .  H e m a to c r i t ,  p r o t e i n  bound io d in e  and c o r t i c o s t e r o n e  mean v a lu e s  f o r  b la c k s
b i l l e d  m a g p ie s .

S e p t . O c t. Dec. J a n . Dec. 16L 8D 
I n s id e

Dec.
O u ts id e

M arch 9L 15D 
I n s id e

HematO^
c r i t

(%)
3 3 .2 1 1 5 .I - /

( 1 0 )b /
3 7 .2 1 1 2 .6

(10)
4 2 .5 1 8 .2

(10)
4 3 .7 1 8 .3

(10)
4 1 .4 1 5 .2

(10)
3 9 .6 1 5 .2

(6)
4 3 .2 1 7 .7

(3)
C o r t ic o ­
s te r o n e
mg/ml

6 6 .9 1 1 1 8 .1
(11)

5 1 .7 1 4 7 .7
(10)

6 9 .1 1 3 8 .1
( I D

6 5 .2 2 1 6 3 .
(8)

3 5 7 .2 1 2 8 .3
(9)

5 1 .2 1 2 8 .3
(6)

1 0 .8 1 7 .5
(5)

P r o te in  
bound 
io d in e  
yg /1 0 0  ml

3 .7 1 1 .1
(11)

4 .3 1 1 .3
(10)

4 .4 1 1 .8
(7)

5 .1 1 2 .7
(9)

5 .9 1 3 .6
(8)

3 .3 1 1 .8
(4)

4 . 0 1 0 .8
(5)

5 /  s ta n d a r d  d e v ia t io n
k /  sam ple  s i z e



------- 50 YFAR OUTSIDE MEAN TEMPERATURE

F ig u re  I .  Mean m on th ly  te m p e ra tu re  i n s i d e  b a rn  (1970-71) and mean m on th ly  o u ts id e
te m p e ra tu re  a t  M ontana S t a t e  U n iv e r s i ty  cam pus, Bozeman, M ontana b a se d  on 
50 y e a r  r e c o r d  (1 9 0 9 -1 9 5 8 ). M ont, A g r ic . E x p t, S t a .  (1 9 6 7 ).
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b i r d s ,  F ig ,  2 shows s i x  oxygen c o n su m p tio n  c u r v e s . The. r e g r e s s io n  

e q u a t io n s  f o r  th e  p o i n t s  be low  th e  lo w e r  Tc a r e  in c lu d e d  f o r  each  c u r v e . 

The e q u a l i t y  o f  th e  s lo p e s  o f  th e  r e g r e s s i o n  l i n e s  (S o k a l and R o h lf , 

1969) was t e s t e d .  R e g re s s io n  c o e f f i c i e n t s  w ere found  t o  be  homogenous 

a t  th e  95% l e v e l .  The a v e ra g e  com puted r e g r e s s i o n  c o e f f i c i e n t  was 

b = - ,0 5 5 .

D a ta  from  e a ch  e x p e r im e n t  on r e s p i r a t o r y  w a te r  l o s s  (RWL) w ere 

f i t t e d  t o  a  r e g r e s s i o n  c u rv e  c o n ta in in g  l i n e a r  and q u a d r a t i c  te rm s  

(F ig . 3 ) .  The d e r iv e d  e q u a t io n s  w ere  th e n  com pared t o  s e e  i f  s i g n i f i ­

c a n t  d i f f e r e n c e s  e x i s t e d  b e tw een  any g roup  o f  d e te r m in a t io n s  f o r  th e  

m onths o r  p h o to p e r io d  t r e a tm e n t s .  RWL o f  S ep tem ber b i r d s  was s i g n i f ­

i c a n t l y  g r e a t e r  from  a l l  o t h e r  g ro u p s  (P < .0 5 ) .

The th e rm a l  c o n d u c t iv i t y  o f  b l a c k - b i l l e d  m agp ies as  r e l a t e d  t o  

Ta  i s  shown i n  F ig .  4 . I n  o r d e r  t o  a d e q u a te ly  com pare g ro u p s  o f  b i r d s ,  

th e  means o f  p o i n t s  above 20 C d id  n o t  le n d  th e m s e lv e s  to  o r d in a r y  

s t a t i s t i c a l  a n a ly s i s  b e c a u s e  no s a t i s f a c t o r y  l i n e a r  o r  q u a d r a t i c  

e q u a t io n s  w ere  found  w h ich  t r u e Iy  r e p r e s e n te d  th e s e  p o i n t s .  Therm al 

c o n d u c t iv i t y  i s  m ost im p o r ta n t  d u r in g  w in t e r  so a n a ly s i s  o f  p o in t s  

be low  20 C s h o u ld  show ch an g es due t o  s e a s o n  o r  p h o to p e r io d .  An 

a n a ly s i s  o f  v a r i a n c e  and  a  t e s t  f o r  hom o g en ity  o f  th e  means w ere con­

d u c te d . The th e rm a l  c o n d u c t iv i t y  o f  D ecem ber i n s i d e  c a g ed  b i r d s  was 

fo u n d  t o  b e  s i g n i f i c a n t l y  h ig h e r  (P < .05) th a n  a l l  o t h e r  g ro u p s  (T ab le

III) .
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F ig u re  2 . V a r ia t io n s  i n  oxygen co n su m p tio n  v s .  a m b ie n t te m p e ra tu re  o f
b l a c k - b i l l e d  m agp ies  f o r  d i f f e r e n t  m onths and  l i g h t  s c h e d u le s .  
R e g re s s io n  e q u a t io n s  w ere d e te rm in e d  by m ethod o f  l e a s t  
s q u a r e s .
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DECEMBER.INSIDE
X=I 23.9_1.001X+.00202X y = 10.58_.1357X+.000374X

M ARCH.IN SID E
y.-74.90_.5950X+.00118X

DECEMBER.NATURAL
y.-64.23_.5188X 4-00105X

A PR ILCA G ED
D ECEM RER. CAGED . > y. 74.84_.6149X4-.00126X

y=83.50_.6808X4-.00139X *

40 .20  0 20 40
A M BIEN T TEM P. C

F ig u re  3 . V a r ia t io n  in  r e s p i r a t o r y  w a te r  l o s s  v s .  a m b ie n t te m p e ra tu re  
o f  b l a c k - b i l l e d  m agp ies f o r  d i f f e r e n t  m onths and l i g h t  
s c h e d u le s .  C u r v i l i n e a r  r e g r e s s i o n  e q u a t io n s  a r e  shown.
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.50
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AM BIENT T E M P . C

F ig u re  4. V a r ia t io n s  i n  th e rm a l  c o n d u c t i v i t i e s  v s .  a m b ie n t te m p e ra tu re  
o f  b l a c k - b i l l e d  m agpies f o r  d i f f e r e n t  m onths and l i g h t  
s c h e d u le s .
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T a b le  I I I .  Mean th e rm a l  c o n d u c t iv i ty  v a lu e s  o f  th e  b l a c k - b i l l e d  
______________ m agpie be low  a m b ie n t t e m p e ra tu re s  p f  20 C.____________

M onth o r S e p t .  ( 2 0 ) - / Dec. (18) Dec. (20)
t r e a tm e n t N a tu r a l N a tu r a l O u ts id e

Mean
(C a l/g h r°C ) .2 0 9 8 .1893 .1903

Month o r D ec. (18) M arch (25) A p r i l  (22)
t r e a tm e n t . I n s i d e O u ts id e I n s id e

Mean
(C a lZ g h r0C) .2 7 9 8 .2337 .1873

a./ sam ple  s i z e ;  a v e ra g e  com puted mean = .2036

The l i p i d  i n d ic e s  i s  p l o t t e d  in  F ig .  5 . A s i g n i f i c a n t  d i f f e r e n c e  

e x i s t s  (P < .01) b e tw e en  b i r d s  c a p tu r e d  i n  S ep tem ber w h ich  h av e  th e  lo w er 

in d e x  and th o s e  from  O c to b e r , December and  A p r i l . , No s i g n i f i c a n t  

d i f f e r e n c e s  w ere  f o u n d .i n  th e  w a te r  i n d i c e s  (F ig . 6) b e tw e en  any b i r d s .  

Todd (1968) m easu red  th e  a n n u a l w e ig h t  v a r i a t i o n  o f  b l a c k - b i l l e d  mag­

p i e s  t r a p p e d  i n  th e  Bozeman a r e a .  He fo u n d  no s i g n i f i c a n t  d e c l in e  i n  
)

t h e i r ,w e i g h t  d u r in g  th e  w in t e r  m o n th s , th u s  i n d i c a t i n g  t h a t  food  was 

r e a d i l y  a v a i l a b l e .

T a b le  I I  l i s t s  th e  m ean s, s ta n d a r d  d e v ia t io n s  and sam ple  num bers 

f o r  h e m a t o c r i t ,  p r o t e i n  bound io d in e  and  c o r t i c o s t e r o n e .  No s i g n i f i ­

c a n t  d i f f e r e n c e s  w ere  found  among b i r d s  f o r  h e m a to c r i t  o r  th e  horm ones. 

The mean c o r t i c o s t e r o n e  v a lu e s  f o r  M arch w ere  much lo w e r  th a n  any o f  

th e  o th e r  p e r i o d s .  H ow ever, l a r g e  v a r i a t i o n s  i n  v a lu e s  w ere  p r e s e n t  

i n  a l l  g ro u p s .  The r e a s o n  f o r  t h i s  i s  unknown.
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F ig u re  5 . S e a s o n a l  ch an g es i n  l i p i d  in d e x  (w e ig h t o f  f a t / f a t - f r e e  d ry  
w e ig h t)  o f  b l a c k - b i l l e d  m a g p ie s . Numbers a t  e a c h  p o in t  
i n d i c a t e  sam ple  s i z e .
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F ig u re  6 . S e a s o n a l ch an g es in  w a te r  in d e x  (gram s w a t e r / f a t - f r e e  d ry  
w e ig h t)  o f  b l a c k - b i l l e d  m a g p ie s . Numbers a t  e a ch  p o in t  
i n d i c a t e  sam ple s i z e .
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C hanges i n  c lo a c a l  te m p e ra tu re  (T^) o f  two b i r d s  w i th  in c r e a s in g , 

a m b ie n t te m p e ra tu re  (Ta ) a r e  shown i n  F ig .  7 . The Tb i n  e a ch  b i r d  was 

d i f f e r e n t  a t  th e  b e g in n in g  a s  w ere th e  u p p e r  l e t h a l  t e m p e r a tu r e s . One 

b i r d  was a b le  t o  cope s u c c e s s f u l l y  w i th  Ta up t o  a p p ro x im a te ly  38 C 

(F ig .  7A ). From t h a t  T& upw ard i t s  T^ in c r e a s e d  g r a d u a l ly  to  46 C 

when th e  Tb a b r u p t ly  jum ped t o  47 C and  th e  b i r d  d ie d .  The e le v a t i o n  

i n  Tb o c c u r r e d  a t  a  d i f f e r e n t  Ta  i n  F ig .  7B th a n  F ig .  7A. I n  F ig .  7B 

th e  Tb b eg an  t o  r i s e  from  a Ta  o f  33 C and  moved g r a d u a l ly  to  a  Tb o f  

46 C when a  sudden  r i s e  i n  th e  Tb o c c u r r e d  and d e a th  f o l lo w e d . The 

same g e n e r a l  p a t t e r n  o c c u r r e d  i n  b o th  m ag p ie s : a  Ta  w h ich  h a s  no

e f f e c t  on Tb fo llo w e d  by a  g r a d u a l ly  e l e v a t i n g  Ta  and f i n a l l y  a  r a p id  

r i s e  i n  Tb and  d e a th .  D u rin g  oxygen co n su m p tio n  m easu rem en ts  s ig n s  

o f  s t r e s s  w ere  e x h ib i t e d  by b i r d s  when Ta r o s e  to  39 C. Some b i r d s  

p e r i s h e d  upon rem o v a l from  th e  t e s t  ch am b er, w h ereas  o t h e r  b i r d s  c o u ld  

e n d u re  Ta n e a r  41 C w i th o u t  a p p a r e n t  harm . Seven b i r d s  d ie d  d u r in g  

oxygen co n su m p tio n  t e s t i n g  a t  h ig h  Ta . The r e l a t i v e  h u m id i t i e s  in  

th e s e  se v e n  t e s t s  w ere e q u a l  to  o r  above 46% (46%-67%) and  th e  Ta 

g r e a t e r  th a n  36 C w i th  42 C b e in g  th e  h i g h e s t .  I t  a p p e a r s  t h a t  th e  

u p p e r  Tc o f  35 C a s  shown i n  F ig .  2 c o r r e l a t e s  r e a s o n a b ly  w e l l  w ith  

th e  b l a c k - b i l l e d  m a g p ie 's  a b i l i t y  to  m a in ta in  th e r m o n e u t r a l i t y  a t  

r e l a t i v e  h u m id i t i e s  n e a r  50%. . I n  b o th  F ig .  7A and B a  Ta  o f  35 C i s  

a t  o r  n e a r  a  r i s e  i n  th e  T^.
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F ig u re  7 . C lo a c a l  te m p e ra tu re  (Tj3) v s .  a m b ie n t te m p e ra tu re  (Ta ) „ B ird s  w ere dead 
upon te r m in a t io n  o f  e x p e r im e n t.
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C hanges in  w i th  i n c r e a s i n g  o r  d e c r e a s in g  l i g h t  a r e  shown i n  

F ig .  8 . The b i r d  u s e d  i n  F ig .  8A was m a in ta in e d  i n s i d e  on a  9L 15D 

p h o to p e r io d ,. The l i g h t s  w ere  a b r u p t ly  tu r n e d  on a t  0 8 :0 0  and o f f  a t  

1 7 :0 0 . A d ro p  o f  I  C i s  e v id e n t  w i th in  15-20  m in u te s . D u rin g  th e  

n i g h t  th e  T^ d ro p p ed  (2 C) to  a  low o f  40 C. The l i g h t s  s w itc h e d  on 

a t  0 8 :0 0  and th e  T^ r o s e  t o  43 C w i th in  two h o u r s .  The T^ beg an  to  

e l e v a t e  w i th in  15-20  m in u te s  a f t e r  th e  l i g h t  came on and  c o n tin u e d  t o  

i n c r e a s e  t o  th e  d a y tim e  h ig h .  A b l a c k - b i l l e d  m a g p ie 's  T^ i s  n o t  s t a b l e  

d u r in g  th e  n i g h t  b u t  shows o c c a s io n a l  r i s e s  w hich  l a s t e d  up t o  20 

m in u te s . B ird s  cag ed  o u t s id e  (F ig . SB) .e x h ib i te d  a  s i m i l a r  change i n  

Tj3 w ith  l i g h t .  S u n r is e  on 4 /6 /7 1  was a t  0 5 :5 6  MST. The T^ beg an  to  

i n c r e a s e  a ro u n d  0 5 :1 0  and was w i th in  I  C o f  th e  d a y tim e  maximum- by 

s u n r i s e .  S u n s e t  on 4 /6 /7 1  was a t  1 8 :5 9  MST, th e  T^ o f  th e  b i r d  began  

to  d ro p  w i th in  25 m in u te s  and d e c re a s e d  n e a r ly  4 C.

I n s u l a t i o n

Two c o n to u r  f e a t h e r s  o f  one b i r d  w ere  ta k e n  from  e a ch  o f  th r e e  

a r e a s  o f  th e  b o d y . M easurem ents w ere made o f  th e  t o t a l  l e n g t h ,  th e  

p r o p o r t io n  o f  th e  r a c h i s  w h ich  was s o f t  and f l u f f y  o r  w i th o u t  h am u li 

and th e  a f t e r s h a f t  l e n g th  (T ab le  IV) i n  o r d e r  t o  a s c e r t a i n  th e  p e r ­

c e n ta g e  o f  t h e  r a c h i s  w i th  d o w n -lik e  q u a l i t i e s . The e f f e c t i v e n e s s  o f  

th e  b l a c k - b i l l e d  m a g p ie 's  i n s u l a t i o n  a p p e a rs  t o  be due i n  p a r t  t o  th e  

f l u f f i n e s s  o f  th e  p ro x im a l  p o r t i o n  o f  th e  r a c h i s .  The b a rb s  and 

b a r b u le s  ( I  mm lo n g ) from  th e  f l u f f y  p o r t i o n  o f  th e  r a c h i s  a re
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F ig u re  8 . C lo a c a l  te m p e ra tu re  (Tb ) v s .  d a y le n g th .  T w en ty -fo u r h o u r  c lo c k  u sed  f o r  t im e .
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Table IV. Measurements of contour feathers taken from three areas
o f th e  body o f  one b lac k -- b i l l e d  m agp ie .

F e a th e r
l o c a t io n

T o ta l  f e a t h e r  
l e n g th  n = 2 

(mm)

L en g th  o f  r a c h i s  
w i th o u t  h a m u li,  
o r  h a s  s o f t  f l e x ­
i b l e  b a rb s  (mm)

A f t e r s h a f t  
■ le n g th  (mm)

F e a th e r  end  
o f  d o r s a l  
t r a c t

34 2 7 .5
(81%)1

31

C a p i ta l  t r a c t  
a t  b a s e  o f  
neck

79 3 0 .5
(39%)

5 2 .5

S c a p u la r s 86 , 55
(64%)

58

*% o f  r a c h i s w ith  downy b a r b s .

in te rw o v e n  w i th  th o s e  o f  a d ja c e n t  f e a t h e r s .  T hree  b a r b u le s  a r i s e  a t  

e q u i d i s t a n t  p o i n t s  a b o u t th e  c ir c u m fe re n c e  o f  each  b a rb  on th e  downy 

a r e a  o f  th e  r a c h i s .  The lo n g  a f t e r s h a f t  i n  e ach  c a se  i s  a l s o  i n t e r ­

woven w ith  th e  b a rb s  and b a r b u l e s . Down f e a t h e r s  a r i s e  from  b o th  th e  

p t e r y l a e  and  a p t e r y l a e ,  Thus t h e r e  i s  a b a s a l  l a y e r  o f  down o v e r l a in  

and  in te rw o v e n  w ith  th e  s o f t  lo w e r p o r t i o n  o f  th e  r a c h i s  w hich  in  t u r n  

i s  o v e r l a i n  by th e  m ore r i g i d  d i s t a l  end  o f  each  c o n to u r  f e a t h e r .

F a t  d e p o s i t s  i n  p lu c k e d  b i r d s  w ere  m in im al w i th  a x i l l a r y , 

i n t e r c l a v i c u l a r  and omentum d e p o ts  b e in g  th e  o n ly  a r e a s  o f  a c c u m u la tio n  

N e g l ig ib le  i n s u l a t i v e  v a lu e  w ould  b e  g a in e d  from  f a t  i n  t h e s e  l o c a t io n s  

The l i p i d  in d e x  i s  be low  t h a t  d e s ig n a te d  f o r  n o n -m ig ra to ry  b i r d s , th u s  

th e  f a t  a v a i l a b l e  p r o b a b ly  f u n c t i o n s ■a s  a  s h o r t  te rm  e n e rg y  su p p ly

r a t h e r  th a n  i n s u l a t i o n .
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B e h a v io r  and T e m p era tu re

M agpies e x h i b i t  th e  t y p i c a l  p lum age f l u f f i n g  p o s tu r e  o f  b i r d s  

when s u b je c t e d  t o  c o ld  te m p e r a tu r e s .  B ird s  o b s e rv e d  a t  te m p e ra tu re s  

n e a r  -4 0  C w ere  c ro u c h e d  on th e  b a re  t a r s o m e ta t a r s u s  a r e a s , c o n to u r  

f e a t h e r s  w ere  e r e c t e d  and i n  one i n s t a n c e  -a b i r d  had  p la c e d  i t s  head  

u n d e r  i t s  l e f t  w in g . T h is  ty p e  o f  p o s tu r i n g  i s  p ro b a b ly  t y p i c a l  of. 

r o o s t i n g  m agp ies  s in c e  th e s e  o b s e r v a t io n s  w ere  made on b i r d s  w hich h ad  

b een  in  th e  d a rk  f o r  6 -8  h o u r s .  F re e - ro a m in g  f o r a g in g  b i r d s  d u r in g  

th e  day . a t  Ta  o f  -2 0  to  -3 0  C showed p lum age f l u f f i n g  and some c ro u c h ­

in g  w h ile ' p e r c h in g .

A v o id in g  a i r  te m p e ra tu re s  above 36-38  C a t  th e  r e l a t i v e '  hum id­

i t i e s  e n c o u n te re d  i n  t h e s e  t e s t s '  i s  a  m u st f o r  th e  b l a c k - b i l l e d  m agp ie . 

B ird s  w h ich  w ere  i n  th e  h ig h  te m p e ra tu re  cham ber, p a n te d  a t  th e s e  

t e m p e r a tu r e s ,  shook  t h e i r  p lum age p e r i o d i c a l l y  and h e ld  t h e i r  w ings 

s l i g h t l y  away from  t h e i r  s i d e s .  S im i la r  te m p e ra tu re s  a r e  common a t  

m idday i n  th e  r a n g e  o f  th e  b l a c k - b i l l e d  m agpie  and th e y  p ro b a b ly  

r e s t r i c t  t h e i r  a c t i v i t i e s  t o  th e  c o o le r  p a r t s  o f  th e  d a y .



DISCUSSION

T e m p era tu re  A c c l im a t i z a t io n

The b l a c k - b i l l e d  m agpie i s  a  n o n -m ig ra to ry  b i r d .  F a t  was found 

to  a c c u m u la te  o n ly  d u r in g  th e  b r e e d in g  s e a s o n  w ith  th e  h i g h e s t  l i p i d  

in d e x  ( .1 3 )  o c c u r r in g  i n  th e  s p r i n g . 1 G e n e r a l ly , n o n -m ig ra to ry  b i r d s  

hav e  a  l i p i d  in d e x  o f  0 .2  t o  0 .4  (Odum, 1 9 6 5 ). The l i p i d  in d e x  o f  th e  

b l a c k - b i l l e d  m agp ies s tu d i e d  h e re  d id  n o t  r e a c h  t h a t  l e v e l  a t  any tim e  

(F ig . 5 ) .  The h i g h e s t  l i p i d  in d e x  o f  th e  y e a r  c o rre s p o n d s  w ith  a 

lo w e r in g  o f  th e  r a t e  o f  oxygen  c o n su m p tio n . T h is  may a llo w  f o r  an

a c c u m u la tio n  o f  f a t  r e s e r v e s  (K e n d e ig h , 1949) . M a in ta in in g  b i r d s  on
;

a 9L 15D p h o to p e r io d  from  l a t e  Decem ber u n t i l  l a t e  M arch d id  n o t  p r e ­

v e n t  a  lo w e r in g  o f  th e  r a t e  o f  oxygen co n su m p tio n . I n  c o n t r a s t  to  t h i s  

was th e  w ork o f  P o h l (1971) who k e p t  m ig r a to r y  b r am b lin g s  (FTingi-Vla 

montifvingiHa) f o r  18 m onths on a  IOL 14D p h o to p e r io d .  U nder th e s e  

c o n d i t io n s  th e  b i r d s  f a i l e d  t o  u n d e rg o  s e a s o n a l  changes i n  oxygen con­

su m p tio n  r a t e s  a t  t h e r m o n e u t r a l i t y .  B ram b lih g s  m a in ta in e d  o u ts id e  

showed a  d e c re a s e  i n  t h e  r a t e  o f  oxygen co n sum ption  d u r in g  th e  s p r in g .  

The b l a c k - b i l l e d  m agp ies cag ed  i n s i d e  (December and M arch) w ere  n o t  

s e x u a l ly  a c t i v e  as i n d i c a t e d  by g o n a d a l s i z e .  T h e ir  gonads w ere no 

l a r g e r  th a n  th o s e  ta k e n  from  b i r d s  i n  S e p te m b e r , O c to b e r  and D ecem ber. 

The gonads ta k e n  from  b i r d s  caged  o u t s i d e  i n  A p r i l  w ere  w e l l  d e v e lo p e d . 

An endogenous rhy thm  may b e  in v o lv e d  in , th e  v e r n a l  f a t  d e p o s i t io n  in  

b l a c k - b i l l e d  m ag p ie s .
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C o r t ic o s te r o n e  , p r o t e i n  bound io d in e  o r  th e  h e m a to c r i t  l e v e l 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  a t  any tim e  o f  th e  y e a r  o r  i n  b i r d s  m ain ­

t a i n e d  u n d e r  a l t e r e d  p h o to p e r io d s  - T hese p h y s io l o g i c a l  p a ra m e te rs  d id  

n o t  i n c r e a s e  th e  b i r d s  a b i l i t y  t o  a d j u s t  t o  c l i m a t i c  e x tr e m e s . The 

downward s h i f t i n g  o f  th e  lo w e r  Tc i s  in v o lv e d  i n  w in te r  a c c l im a t i z a t i o n .  

The lo w e r Tc d ro p p ed  from  0 C in  S ep tem b er b i r d s  to  -1 0  C i n  December 

b i r d s ,  t o  -9  C i n  D ecem ber o u t s id e  ca g ed  b i r d s  and s h i f t e d  upw ard i n  

A p r i l  o u t s id e  cag ed  b i r d s  ( 0 .C) . T h is  s e a s o n a l  s h i f t i n g  o f  th e  low er 

Tc i s  an a c c l i m a t i z a t i o n  w h ich  c o n s e rv e s  e n e rg y  d u r in g  th e  w in te r  

m o n th s . I t  a llo w s  th e  b i r d s  to  m a in ta in  b a s a l  oxygen co n sum ption  r a t e s  

a t  lo w e r a m b ie n t t e m p e r a tu r e s .  The Decem ber b i r d s  w h ich  w ere  caged 

i n s i d e  h ad  a  s i g n i f i c a n t l y  h ig h e r  th e rm a l  c o n d u c ta n c e  th a n  th e  o t h e r s .  ' 

I f  th e  p h o to p e r io d  l e n g th  i s  u s e d  a s  a  Z eitgebeii t o  i n d i c a t e  th e  o n s e t  

o f  lo n g  te rm  te m p e ra tu re  changes th e n  th e  r e s u l t s  from  th e  December 

b i r d s  cag ed  i n s i d e  w ould  h av e  m ean in g . S in c e  th e y  w ere  on a  16L 8D 

day i n d i c a t i n g  summer c o n d i t i o n s ,  th e rm a l  c o n d u c t iv i ty  s h o u ld  be a t  a 

h ig h .  A lth o u g h  th e  o th e r -  c o n d u c t i v i t i e 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  th e y  do f a l l  i n t o  a  g e n e r a l  p a t t e r n .  W in te r  th e rm a l  c o n d u c t i v i t i e s  ■ 

( in  C a l /g h r ° C ) , w h e th e r  r e a l  o r  a p p a r e n t ,  December n a t u r a l  (.2098 ) and 

Decem ber o u t s id e  ( .1 9 0 3 ) ,  A p r i l  (9L 15b) i n s i d e  (.1 8 7 3 ) w ere  lo w e s t;  

S ep tem b er n a t u r a l  ( .2 0 9 8 ) and M arch o u t s i d e  (.2337) in te r m e d ia te  and 

th e  D ecem ber i n s i d e  (16L 8D) h i g h e s t  ( .2 0 9 8 ) .  W hether t h i s  chan g in g  

i s  due t o  i n s u l a t i o n  o r  v a s o c o n s t r i c t i o n ,  o r  a  c o m b in a tio n  o f  -b o th ,
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i s  unknown. P a r a l l e l i n g  th e  h ig h e r  th e rm a l  c o n d u c t i v i t i e s  o f  th e  

summer s e a s o n  was th e  h ig h e r  RWL by l a t e  A ugust and S ep tem b er b i r d s . 

T hese  b i r d s  w ere  t e s t e d  from  8 /2 1 /7 0  to  9 /1 4 /7 0  and h a d  n o t  e x p e r ie n c e d  

any c o o l  f a l l  w e a th e r .  The c o m b in a tio n  o f  h ig h  th e rm a l  c o n d u c t i v i t i e s  

and h ig h  RWL i s  an e f f e c t i v e  means o f  c o o lin g  and  w ould  b e  o f  v a lu e  

d u r in g  th e  warm summ er. The g ra y  j a y  (Pevi-soveus canadensis) h a s  a ls o  

b een  found  t o  h av e  a  s e a s o n a l  s h i f t  i n  th e  lo w er Tq (V e g h te , 1 9 6 4 ).

H a r t  (1962) found  a m e ta b o l ic  ty p e  o f  a c c l im a t i z a t i o n  t o  w in te r  con­

d i t i o n s  , a s  r e f l e c t e d  i n  h ig h  l e v e l s  o f  h e a t  p r o d u c t io n  and g r e a t e r  

c o ld  r e s i s t a n c e  i n  th e  h o u s e ' s p a r ro w , p ig e o n , e v e n in g  g ro sb e a k  and

th e  s t a r l i n g .  L arge  s e a s o n a l  changes i n  th e rm a l  c o n d u c t iv i t y  w ere

■ I
a b s e n t .  F ig .  2 shows th e  g r e a t e r  v a r i a b i l i t y  i n  oxygen consum ption  

e x h ib i t e d  by th e  D ecem ber b i r d s  cag ed  i n s i d e  and m a in ta in e d  on a 16L 

8D p h o to p e r io d .  Even th o u g h  t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  

among a l l  b i r d s  w i th  r e g a r d  t o  oxygen c o n su m p tio n  be low  th e  lo w er Tc , 

th e  i n s i d e  b i r d s  w ere  a f f e c t e d  som ew hat by th e  a l t e r e d  p h o to p e r io d  and 

h ig h e r  Ta . T h is  may be  due t o  a r e s p o n s e  o f  th e  r e g u l a to r y  sy s tem s 

w hich  when u n c h a lle n g e d  p e r i o d i c a l l y  te n d  to  g iv e  more v a r i a b l e  o r  

e r r a t i c  r e s u l t s  th a n  sy s te m s  u se d  f r e q u e n t l y .  The lo w e r Tc was 

d e s ig n a te d  a s  0 C f o r  th e  December i n s i d e  caged  b i r d s  f o r  th e  p u rp o se
I

o f  o b t a in in g  a  r e g r e s s i o n  c o e f f i c i e n t .  C lo se  a n a ly s i s  o f  th e  g rap h  

i n d i c a t e s ,  h o w ev er, t h a t  i t  i s  r i s k y  t o  a s s ig n  a  lo w e r Tc o r  a  therm o­

n e u t r a l  zone to  t h a t  s e t  o f  p o i n t s . The December b i r d s  cag ed  in s id e

i
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w ere  s e x u a l ly  i n a c t i v e , h a v in g  been  m a in ta in e d  i n  th e  r e f r a c t o r y  p e r io d ' 

s in c e  l a t e  Ju n e  and  e a r l y  J u l y .  The two v a r i a b l e s  h e r e  (a  Ta above 

th e  o u t s id e  te m p e ra tu re  and a l t e r e d  p h o to p e r io d )  m akes i t  d i f f i c u l t  to  

a s s ig n  one f a c t o r  a s  b e in g  r e s p o n s ib le  f o r  th e  v a r i a b i l i t y .
O

The b l a c k - b i l l e d  m agpie  i s  one o f  th e  l a r g e r  p a s s e r in e s  (av e ra g e  

w e ig h t  180 g ) . B l a c k - b i l l e d  m agp ies w in t e r  i n  su ch  g e o g r a p h ic a l ly  

d i v e r s e  a r e a s  a s  F a i r b a n k s ,  A la s k a ;  A lb e r t a ;  S a sk a tc h e w a n ; M ontana and 

Wyoming. B a s a l  m e ta b o l ic  r a t e s  a r e  e q u iv a l e n t  to  o th e r  n o n -m ig ra to ry  

C o rv id s  su c h  a s  th e  g ra y  ja y  and th e  b lu e  ja y  (C yanooitta  o v i s ta ta ) . 

V egh te  (1964) , w o rk in g  w ith  th e  g ra y  ja y  i n  F a i r b a n k s ,  A la s k a ,  r e p o r te d  

th e  a v e ra g e  a n n u a l r e s t i n g  m e ta b o l ic  r a t e  a s  I . 7 5 ± 0 .31 ccO g /g  h r  o r  

1 3 .7  K c a l/d a y  p e r  b i r d .  B lu e  ja y s  (M isch , I9 6 0 ) ’ t e s t e d  i n  M ich igan  

from  1 2 /5 7  t o  4 /5 8  h a d  a  m e ta b o l ic  r a t e  a t  r e s t  o f  1 .8 9  cc 0 2/ g  h r  o r  

1 7 .2  K c a l/d a y  p e r  b i r d .  The b l a c k - b i l l e d  m agpie (S ep tem b er and 

December new ly  c a u g h t b i r d s )  consum ed oxygen a t  th e  r a t e  o f  1 .7 1 ± .5 2  

cc 0 2/ g  h r  o r  3 0 .1 4  K c a l/d a y  p e r  b i r d .  The e q u a t io n  d e r iv e d  by 

L a s ie w sk i and Dawson (1967) w ould  t h e o r e t i c a l l y  hav e  th e  b a s a l  m etab ­

o l i c  r a t e  f o r  a  180 g p a s s e r in e  a s  3 7 .2 7  K ca l/d ay .-  T h is  i s  19% h ig h e r  

th a n  th e  3 0 .1 4  K c a l/d a y  fo und  e x p e r im e n ta l ly  f o r  th e  b l a c k - b i l l e d  

m ag p ie . T hese  t h r e e  C o rv id s  a r e  m e t a b o l i c a l ly  q u i t e  s i m i l a r  and d i f f e r  

by o n ly  0 .2  CcO2Zg h r  i n  t h e i r  r a t e  o f  oxygen co n su m p tio n .
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D i s t r i b u t i o n  and C l im a t ic  F a c to r s

I  The a v e ra g e  w e ig h t  o f  an a d u l t  b lu e  ja y  i s  81 g and an a d u l t  g ra y

/  ja y  w e ig h s  68 g . • The b l a c k - b i l l e d  m agpie  i s  o v e r  100% l a r g e r  by 

/ w e ig h t  th a n  th e  o t h e r  two C o rv id s  and a c c o rd in g  to  K endeigh  (1969) th e  

I t o t a l  e x i s t e n c e  e n e rg y  re q u ir e m e n ts  m u st be in c r e a s e d  by a t  l e a s t  44%.

I S in c e  th e  r a t e  o f  oxygen c o n su m p tio n  a t  v a r io u s  Ta  and th e  lo w e s t  

/ 't e m p e ra tu re s  e n c o u n te re d  a r e  s i m i l a r  f o r  t h e s e  t h r e e  C o rv id s ,  i t  seem s 

d o u b t f u l  t h a t  t h e i r  d i s t r i b u t i o n  i s  l i m i t e d  by low te m p e r a tu r e s .  More 

X ^ s p e c i f i c a l l y , i t  i s  d o u b t f u l  t h a t  low te m p e ra tu re s  p r e v e n t  th e  b la c k ­

b i l l e d  m agpie  from  m oving i n t o  th e  c e n t r a l  and e a s t e r n  U n ite d  S t a t e s .  

S in c e  t h e r e  a r e  a t  l e a s t  12 s u b s p e c ie s  o f  th e  b l a c k - b i l l e d  m agpie 

d i s t r i b u t e d  i n  E u ro p e , n o r th w e s t  A f r i c a ,  A s ia  and th e  w e s te r n  p a r t  o f  

N o rth  A m erica  (D em ent1 ev  e t - oil, 3 1954) and a l l  a r e  c o n s id e r e d  to  be 

o m n iv o ro u s , a  l a c k  o f  a  s p e c i f i c  fo o d  r e q u ir e m e n t  i n  e a s t e r n  N orth  

^ A m e ric a  is ,  im p ro b a b le . C o l l in s  (1969) l i s t s  th e  fo o d  o f  th e  b la c k ­

b i l l e d  m agpie  from  N o rth  A m erica  as  c o n s i s t i n g  o f  60% a n im a l o r i g i n ,  

m o s tly  i n s e c t s  and 40% v e g e ta b le  m a t t e r .  Such f l e x i b i l i t y  in  food  

h a b i t s  o f f e r s  an o b v io u s  a d v a n ta g e  t o  t h e  b i r d .  A t a b u l a t i o n  o f  th e  

b l a c k - b i l l e d  m agp ies o c c u r r e n c e  d u r in g  th e  a n n u a l Audubon C h ris tm as  

b i r d  c o u n t (A m erican  B i r d s , 1971; Audubon F i e l d  N o te s ,  1968 , 1965)

, shows th e  e a s tw a rd  d i s t r i b u t i o n  e n d in g  u s u a l ly  b e tw een  th e  95°W and 

 ̂ IOO0W l o n g i t u d i n a l  m e r id ia n .  C ounts o f  o v e r  t e n  b i r d s  a r e  n o t  o f te n



made e a s t  o f  th e  IQO0W lo n g itu d e =  L in s d a le  (1937) d e s c r ib e d  th e  b la c k ­

b i l l e d  m agp ies  d i s t r i b u t i o n '  a s  c o r re s p o n d in g  v e ry  c lo s e l y  w ith  th e  r e g io n  

known a s  C old  Type S te p p e  Dry C lim a te  o f  R u s s e l  (1931) R u s s e l  .used  , —-

r e c o r d s  o f  te m p e ra tu re  and  p r e c i p i t a t i o n  a s  th e  fu n d a m e n ta l b a s i s  f o r  

h i s  c l a s s i f i c a t i o n =  The e a s t e r l y  e x t e n t  o f  t h i s  r e g io n  i s  a p p ro x im a te ly  

th ro u g h  th e  c e n t e r  o f  th e  D a k o ta s , th e  w e s te r n  one t h i r d  o f  N eb rask a  

a n d - th e  w e s te rn  one f o u r t h  o f  Kansas= ' M onth ly  maximum te m p e ra tu re s  f o r  

e a s t e r n  M on tana , N o rth  D ako ta  and S o u th  D ak o ta  i n  J u ly  and A ugust a v e r ­

age b e tw een  27 C -32 C (80 F-9Q F) (U= S= D e p t, o f  I n t e r i o r ,  1 9 7 0 ). The- 

e x tre m e  maximum te m p e ra tu re s  ra h g e  b e tw een  40 C and 43.5, C (Ward, 1925)= 

R e la t iv e  h u m id i t i e s  i n  w e s te rn  N o rth  and  S o u th  D ako ta  a v e ra g e s  60% in  

J u l y ,  w h e re as  th e  r e l a t i v e  h u m id ity  a v e ra g e s  70% a lo n g  th e  N o r th .D a k o ta - 

M in n e so ta  b o u n d a ry  i n  J u ly ,  As m e n tio n e d  a b o v e , t h e  u p p e r  T1c o f  t h e ' 

b l a c k - b i l l e d  m agp ie  i s  a ro u n d  35 C and  m o s t 'o f  th e  b i r d s  e x h i b i t  s i g n s ' 

o f  s t r e s s  when th e  T& a p p ro a c h e s  3 9 'C (102=2 F) a t  50% - r e l a t i v e  h u m id i ty . 

L a s ie w sk i -e t etl* (1966) n o te  t h a t  r e l a t i v e  h u m id ity  h a s  a  m arked i n ­

f lu e n c e  on th e  e f f e c t i v e n e s s  o f  e v a p o r a t iv e  co o lin g =  I  b e l i e v e  t h a t  

th e  h ig h  r e l a t i v e  h u m id ity  and Tq d u r in g  th e  summer i n  t h e  m id -w e s te rn  

s t a t e s  p r e s e n t s  an  e n v iro n m e n ta l  b a r r i e r  to  th e  b l a c k - b i l l e d  magpie= 

L a s ie w sk i e t a l °  (1966) comments on th e  d a ta  p ro v id e d  by  Hudson and 

B ru sh  (1 9 6 4 ),•  s u p p o r t  t h i s  h y p o th e s i s  t h a t  th e  c o m b in a tio n  o f  h ig h  Ta 

and r e l a t i v e  h u m id ity  l i m i t s  th e  b l a c k - b i l l e d  m agpie i n  i t s  e a s tw a rd  

d i s t r i b u t i o n  i n  th e  U n ite d  S t a t e s . H udson and B r u s h 's  e x p e r im e n ts  on
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th e  m ourn ing  dove ( Zenaidura maeroura) show t h a t  doves a r e  u n a b le  to  

w i th s ta n d  te m p e ra tu re s  above 41 C a t  r e l a t i v e  h u m id i t i e s  e x c e e d in g  50% 

H ow ever, L a s ie w sk i e t  at* fo und  t h a t  th e  same b i r d  c o u ld  w i th s ta n d  T 

o f  45=2 C f o r  two h o u rs  o r  more a t  low h u m id i t i e s .

F u r th e r  e x p e r im e n ta t io n  on th e  b l a c k - b i l l e d  m agpie  by v a ry in g  th e  

r e l a t i v e  h u m id ity  and Ta up t o  th e  l e v e l s  e n c o u n te re d  i n  th e  m id - 

w e s te rn  U n ite d  S t a t e s  s h o u ld  p r o v id e  an  i n s i g h t  i n t o  th e  p e c u l i a r  

d i s t r i b u t i o n  o f  t h i s  a n im a l= P o s s ib ly  r e s e a r c h  o f  t h i s  n a tu r e  c o u ld  

be  a p p l i e d  t o  th e  d i s t r i b u t i o n  and abundance  o f  o t h e r  o rg a n ism s  as

w e l l  =
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