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PROGRESS REPORT 

T h i s  p a s t  y e a r ,  w i t h  D.O.E. s u p p o r t  we have p u b l i s h e d  one major paper  i n  
E c o l o g i c a l  Monographs, two major papers  i n  Copeia and have two p a p e r s  i n  p r e s s  i n  
Copeia,  one i n  p r e s s  i n  Ecology, and one s u b m i t t e d  t o  P h y s i o l o g i c a l  Zoology. 
R e p r i n t s  of t h e  p u b l i s h e d  p a p e r s ,  t h o s e  i n  p r e s s  and t h e  manuscr ip t  are e n c l o s e d .  

. . . . .  

ENDOTHERM GROWTH AND REPRODUCTION RESEARCH 

We have been a b l e  t o  p r e d i c t  t h e  p o t e n t i a l  f o r  r e p r o d u c t i o n  and growth i n  any 
p h y s i c a l  environment f o r  t h e  d e e r  mouse, Peromyscus m a n l c u l a t u s ,  a n  a n i m a l  t h a t  
we have been u s i n g  t o  e s t a b l i s h  t h e  f e a s i b i l i t y  o f  such  a n  approach.  We have ,been 
a b l e  t o  v e r i f y  t h e  p r e d i c t i o n s  e x p e r i m e n t a l l y  f o r  t h o s e  environments  w e  have t e s t e d .  
We a r e  i n  t h e  p r o c e s s  o f  w r i t i n g  i t  up and i t  w i l l  be i n c l u d e d  i n  t h e  p r o g r e s s  
r e p o r t  n e x t  y e a r  a s  a  manuscr ip t  e i t h e r  submi t t ed  o r  i n  p r e s s .  

We have a l s o  been a b l e  t o  s u c c e s s f u l l y  ex tend  t h e  f r a c t i o n a l  f a c t o r i a l  d e s i g n s  
we d e s c r i b e d  i n  S c i e n c e  (1978) t o  i n c l u d e  t h e  p e r i o d  b e f o r e  c o p u l a t i o n  a l l  t h e  way 
through t o  weaning. We have found a  much g r e a t e r  s e n s i t i v i t y  t o  t h e  s e n s i t i v e  
v a r i a b l e s  i n  t h e  Sc ience  manuscr ipt  when t h e  l o n g e r  d u r a t i o n  i s  used .  We a r e  a l s o  
f i n d i n g  a  s u b s t a n t i a l  i n d i v i d u a l  v a r i a t i o n  i n  t h e  t o l e r a n c e  t o  d e p r i v a t i o n  of food 
aridlor w a t e r .  The p h y s i o l o g i c a l  b a s i s  f o r  t h i s  i s  unknown a t  p r e s e n t .  Food t y p e ,  
q u a n t i t y ,  water and s p r o u t  a v a i l a b i l i t y  a f f e c t  t h e  amount, s i z e  and number of 
o f f s p r i n g  a t  weaning,  b u t  n o t  a t  b i r t h . .  I n  f u r t h e r  t e s t s  o f  t h e  rob.ustness, .  
accuracy  and s e n s i t i v i t y  o f  f r a c t i o n a l  f a c t o r i a l  d e s i g n s  u s i n g  e i g h t  v a r i a b l e s ,  w e  
changed t h e  confounding p a t t e r n s  s u b s t a n t i a l l y .  We s t i l l  o b t a i n  t h e  same r e s u l t s ,  
showing t h e  same v a r i a b l e  f a r  outweigh t h e  e f f e c t s  o f  o t h e r  v a r i a b l e s  o r  p o s s i b l e  
h idden  i n t e r a c t i o n s .  We p l a n  t o  w r i t e  a t  l e a s t  two, p o s s i b l y  t h r e e  p a p e s o n  a l l  
t h o s e  exper iments  t h i s  y e a r .  We've had t o  i n v e s t  a  s i g n i f i c a n t  e f f o r t  t o  g e t  a l l  
t h e  d a t a  i n t o  computer format  t h i s  y e a r ,  s i n c e  t h e  volume of  data , ,has . .grown s o .  

I 

,r\. l a r g e .  The d a t a  i s  now on f i l e ,  and programs a r e  nea.$~y completed t h a t  s o r t ,  p lGt  
and a n a l y z e  t h e  d a t a .  We have a  s u p e r b  b a s e l i n e  d a t a  set  w i t h  n e a r l y  2000 pregnancy 
and b i r t h  e v e n t s  o f  normal w i l d  a n i m a l s ,  i n  a d d i t i o n  t o  a l l  t'he e x p e r i m e n t a l  d a t a  
t h a t  w i l l  be p r e s e n t e d  t o  cover  env i ronmenta l  v a r i a b l e  e f f e c t s  over  t h e  e n t i r e  
r e p r o d u c t i v e  and growth c y c l e  i n  d e e r  mice.  

We have heen  a b l e  t o  show t h a t  t h e  p r e d i c t i o ~ ~ s  uf m e t a b o l i c  r a t e  u s i n g  o u r  new 
g e n e r a l  f u r  model (Kowalski,  1978; Gebremedhin, P o r t e r  and C iner (1980) a c c e p t e d ;  
McClure and P o r t e r ,  i n  MSS) a g r e e  w i t h i n  5-10% o f  m e t a b o l i c  r a t e s  we measurc on 
r e s t i n g  an imals  i n  m e t a b o l i c  chambers. S i n c e  we now f e e l  we can p r e d i c t  t h e  
maintenance c o s t s  f o r  any endvtherrn i n  any r l i - m a t e ,  and wo havc bccn able t o  
e s t a b l i s h  t h e  maximum food p r o c e s s i n g  c a p a c i t y  f o r  two s p e c i e s  s o  f a r ,  t h e  d i f -  
f e r e n c e  between food a v a i l a b l e  and t h a t  needed f o r  s u r v i v a l  i s  t h e  amount t h a t  
can  go i n t o  growth and r e p r o d u c t i o n .  Thus, we f e e l  t h a t  by n e x t  y e a r  we w i l l  be  
a b l e  t o  p r e d i c t  a  g r e a t  d e a l  about  t h e  p o t e n t i a l  p o p u l a t i o n  dynamics of t h e  d e e r  
mouse i n  a  v a r i e t y  o f  c l i m a t e s  th roughout  t h e  c o u n t r y  and have completed a major 
s t e p  i n  moving from e m p i r i c a l  s t u d i e s  t o  m e c h a n i s t i c  gredi.cti.nns t h a t  can  be 
r e l i a b l y  used t o  a s s e s s  impact o f  env i ronmenta l  change on a  s p e c i e s  from f i r s t  p r i n c i p l e s .  i 
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* We have been assembl ing  c l i m a t i c  d a t a  f o r  t h o s e  c a l c u l a t i o n s .  Next y e a r  w e  would 
l i k e  t o  t e s t  t h e  p r e d i c t i o n s  a t  d i f f e r e n t  a l t i t u d e s  i n  t h e  Colorado Rockies  o r  
t h e  White Mountains of C a l i f o r n i a ,  where e x t e n s i v e  c l i m a t i c  r e c o r d s  and b i o l o g i c a l  
s t a t i o n s  a r e  a v a i l a b l e .  

MICROCLIMATES AND ECTOTHEW GROWTH AND REPRODUCTION 

1. P i t c h e r  p l a n t  mosqui toes :  m i c r o c l i m a t e  m o d i f i c a t i o n s  and t e s t s ;  r e p r o d u c t i o n  
i n  heterogeneous  environments  

U n t i l  r e c e n t l y ,  o u r  g e n e r a l  m i c r o c l i m a t e  model had on ly  been developed and 
t e s t e d  i n  t h e  d e s e r t s  o f  t h e  Uni ted S t a t e s  and i n  t r o p i c a l  Cape C o a s t ,  Ghana. 
Now we have extended t h e  model t o  i n c l u d e  wet areas, such  as bogs ( K i n g s o l v e r ,  
1979) .  We a l s o  e x p l o r e d  t h e  consequences o f  env i ronmenta l  v a r i a b i l i t y  and 
u n c e r t a i n t y  f o r  e c t o t h e r m  r e p r o d u c t i v e  s u c c e s s  i n  t h a t  p a p e r ,  which a r e  i m p o r t a n t  
q u e s t i o n s  f o r  p e r s i s t e n c e  o f  p o p u l a t i o n s  o f  an imals  o u t d o o r s .  The t h e r m a l  and 
h y d r i c  components o f  env i ronmenta l  v a r i a t i o n  may p l a y  a n  impor tan t  r o l e  i n  t h e  
maintenance of f i t n e s s  v a r i a t i o n  i n  an imals .  K i n g s o l v e r ' s  r e s u l t s  s u p p o r t  t h e  
h y p o t h e s i s  of I s t o c k  (1978) t h a t  env i ronmenta l  u n c e r t a i n t y  f a v o r s  mixed l i f e  h i s t o r y  
s t r a t e g i e s  i n  Wyeomyia, K i n g s o l v e r ' s  r e s e a r c h  a n i m a l ,  and p robab ly  a n i m a l s  i n  
g e n e r a l .  The wide v a r i a b i l i t y  we a r e  f i n d i n g  i n  o u r  d e e r  mice phys io logy  may 
be  p a r t  of a  similar mixed l i f e  h i s t o r y  s t r a t e g y .  We i n t e n d  t o  e x p l o r e  q u e s t i o n s  
s i m i l a r  t o  K i n g s o l v e r ' s  b u t  w i t h  d e e r  mice a s  soon a s  we can o b t a i n  s u f f i c i e n t  
p h y s i o l o g i c a l  d a t a  d u r i n g  mice growth and r e p r o d u c t i o n .  Maintenance phys io logy  is  
now b e i n g  o b t a i n e d .  

2 .  D e s e r t  iguanas  -- r e p r o d u c t i o n  and l i m i t s  t o  d i s t r i b u t i o n  

Our e c t o t h e r m  r e p r o d u c t i o n  and growth r e s e a r c h  on d e s e r t  i g u a n a s  h a s  reached  
p u b l i c a t i o n  s t a g e ,  as t h e  f o u r  e n c l o s e d  manuscr ip t s  a t t e s t .  We a r e  conc lud ing  
t h e  f i r s t  phase  o f  growth exper iments  on o u r  d e s e r t  iguana  h a t c h l i n g s .  These 
exper iments  a r e  i n t e n d e d  t o  e s t a b l i s h  q u a n t i t a t i v e l y  how food ,  t e m p e r a t u r e  and 
pho toper iod  can a c c e l e r a t e  l a b o r a t o r y  growth r a t e  and t h e  o n s e t  o f  r e p r o d u c t i o n  
by a  f a c t o r  o f  4-7 t imes  t h a t  s e e n  i n  t h e  f i e l d .  We had expec ted  t o  do much more 
o f  t h a t  t h i s  y e a r ,  LUL lur some unknown r e a s o n  t h i s  y e a r ,  l i k e  two y e a r s  ago ,  
t h e r e  has  been v e r y  l i t t l e  egg  l a y i n g .  One y e a r  ago w e  had abou t  200 eggs .  It 
may be t h a t  t h e r e  i s  a  two y e a r  b r e e d i n g  c y c l e ,  which h a s  been u n d e t e c t e d  u n t i l  
now. We w i l l  know t h a t  t h i s  coming w i n t e r  and s p r i n g .  The results o f  t h e  egg 
i n c u b a t i o n  r e s e a r c h  t h u s  f a r  have a l lowed us t o  p r e d i c t  where and when eggs  s h o u l d  
b e  l a i d  and a t  what d e p t h s .  That needs  t o  be  t e s t e d  i n  t h e  f i e l d  now. We have 
an  a r e a  i n  San Gorgonio p a s s ,  n e a r  Palm S p r i n g s ,  C a l i f o r n i a ,  where w e  know the 
sharp  l i m i t s  o f  t h e i r  d i s t r i b u t i o n .  There  a r e  a r e a s  where s u p e r f i c i a l l y  t h e y  c o u l d  
b e ,  b u t  a r e n ' t ,  t h a t  a r e  con t iguous  w i t h  d e s e r t  iguana  i n h a b i t e d  r e g i o n s .  We 
would l i k e  t o  go LV t h e  f i e l d  and de te rmine  w i t h  m i c r o c l i m a t e  and s o i l  measur ing 
equipment and r a d i o  t e l e m e t e r e d  g r a v i d  females  c a p t u r e d  i n  t h e  f i e l d  where t h e y  
a r e  l a y i n g  t h e i r  eggs .  A l l  phases  o f  t h i s  f i e l d  r e s e a r c h ,  e x c e p t  t h e  a c t u a l  
l o c a t i o n  o f  egg si tes have a l r e a d y  been done i n  nearby  a r e a s  where t h e r e  a r e  
l i z a r d s  (Muth, 1977,  1 9 8 0 a , b , c , d ) .  F i e l d  v e r i f i c a t i o n  of l a b o r a t o r y  exper iments  
and t h e o r e t i c a l  p r e d i c t i o n s  shou ld  h e l p  s e t t l e  any remain ing  doubts  a b o u t  t h e  r o l e  
o f  egg m i c r o h a b i t a t  r e q u i r e m e n t s  i i ~  ~ l l e  d l s t r i b u ~ i ~ n  o f  a v e r t e b r a t e  e c t o t h e r m  
l a y i n g  s h e l l e d  eggs ( s e e  e s p e c i a l l y  Muth, 1980; P h y s i o l o g i c a l  eco logy  of  d e s e r t  
iguana  (Dipsosaurus  d o r s a l i s )  eggs:  Temperature  and w a t e r  r e l a t i o n s ,  Ecology, i n  
p r e s s ) .  



3 .  Galapagos l a n d  i g u a n a s :  l a r g e r  s i z e  a n i m a l s ,  new m i c r o c l i m a t e  model 
v a d d i t i o n s  and t e s t s  

I n  c o l l a b o r a t i v e  work w i t h  C .  Richard Tracy a t  Colorado S t a t e  U n i v e r s i t y ,  we 
have been a b l e  t o  ex tend  t h e  e c t o t h e r m  model t o  much l a r g e r  a n i m a l s ,  t h e  Galapagos 
Land iguana  i n  t h e  Galapagos i s l a n d s .  We have s u c c e s s f u l l y  added t r a n s i e n t s  and 
appendage- torso i n t e r a c t i o n s  t o  t h e  animal  model and have shown t h a t  we can p r e d i c t  
an imal  t empera tu res  i n  t h e  f i e l d  t o  w i t h i n  2' o r  l e s s  f o r  any t r a n s i e n t .  We have 
a l s o  added s l o p e  e f f e c t s  t o  t h e  micrometeorology model and have been a b l e  t o  
p r e d i c t  changes i n  home range  u t i l i z a t i o n  r e l a t e d  t o  s l o p e  o r  f l a t  ground i n  
d i f f e r e n t  s e a s o n s  and document t h o s e  p r e d i c t i o n s  w i t h  a  y e a r  round f i e l d  s t u d y  on 
S a n t a  Fe,  Galapagos (Tracy,  C h r i s t i a n  and P o r t e r ;  P o r t e r ,  Tracy and C h r i s t i a n ,  
i n  p r e p a r a t i o n ) .  

4. S i d e  b l o t c h  l i z a r d s :  m i c r o c l i m a t e ,  phys io logy  and s o c i a l  sys tems  e f f e c t s  

We have begun a s y s t e m a t i c  e f f o r t  t o  i n c o r p o r a t e  some s o c i a l  e f f e c t s  i n t o  o u r  
animal-microenvironment c a l c u l a t i o n s  

U t a  s t a n s b u r i a n a  w a s  s t u d i e d  i n  w e s t e r n  Colorado d u r i n g  t h e  summer months o f  
1976 ( t h e  s t u d y  a r e a  l o c a t i o n  and d e s c r i p t i o n  i s  g i v e n  i n  Waldschmidt 1979) and 
i n  e a s t e r n  New Mexico d u r i n g  t h e  summer o f  1978. T i n k l e  (1967) g i v e s  a d e s c r i p t i o n  
o f  t h e  h a b i t a t ;  t h e  l o c a t i o n  o f  t h e  s t u d y  a r e a  was 50 km e a s t  o f  C a r l s b a d ,  N . M .  
I n  b o t h  l o c a t i o n s  i n d i v i d u a l  l i z a r d s  were marked and t h e i r  l o c a t i o n s  i n  t h e  
h a b i t a t  r ecorded  on a d a i l y  b a s i s .  These l o c a t i o n  d a t a  were l a t e r  a n a l y z e d  u s i n g  
a  n e a r e s t  ne ighbor  a n a l y s i s  (Cla rk  and Evans, 1954) .  T h i s  t y p e  o f  a n a l y s i s  i s  
c a p a b l e  of d e t e c t i n g  random and non-random p a t t e r n s  i n  l o c a t i o n  d a t a .  

The r e s u l t s  o f  t h e  a n a l y s i s ,  g i v e n  i n  Tab le  1 a r e  c o n s i s t e n t  w i t h  each  
p o p u l a t i o n ' s  s o c i a l  s t r u c t u r e .  Throughout t h e  summer t h e  a g o n i s t i c  s o u t h e r n  popula- 
t i o n  was composed o f  i n d i v i d u a l s  which were maximally d i s p e r s e d  from each o t h e r  
whereas i n  June  and  J u l y  t h e  l e s s  a g o n i s t i c  n o r t h e r n  p o p u l a t i o n  was composed of 
i n d i v i d u a l s  which were  s i g n i f i c a n t l y  clumped. I n  August n o r t h e r n  - Uta were  
randomly d i s p e r s e d .  

These r e s u l t s  a r e  c o n s i s t e n t  n o t , o n l y  w i t h  t h e  l i z a r d s '  s o c i a l  s t r u c t u r e  b u t  
a l s o  w l t h  r h e  d i f f e r e n c e s  i n  t h e  p h y s i c a l  s t r u c t u r e  o f  t h e  h a b i t a t  between 
p o p u l a t i o n s .  The h a b i t a t  'along w i t h  t h e  p h y s i c a l  environment c r e a t e s  microenviron-  
ments i n  which & can  c a r r y  o u t  t h e i r  normal d a i l y  a c t i v i t i e s .  M i c r o h a b i t a t s  
i n  t h e  sun  d u r i n g  a l a r g e  p o r t i o n  o f  t h e  day a r e  o f t e n  c h a r a c t e r i z e d  by l e t h a l  
t empera tu res  and a r e  t h u s  avoided by t h e  l i z a r d s  ( P o r t e r  e t  a l . ,  1 9 7 3 ) .  A t  t h e s e  
t imes  t h e  s i z e  and d i s t r i b u t i o n  o f  shaded m i c r o h a b i t a t s  d e t e r m i n e  where l i z a r d s  
can  b e  a c t i v e .  I n  t h e  d e s e r t - g r a s s l a n d  e c o t o n e  of e a s t e r n  New Mexico t h e  shade 
p a t c h e s  a r e  r e l a t i v e l y  s m a l l  and s c a t t e r e d  th roughout  t h e  h a b i t a t .  When r i v a l  
l i z a r d s  encounte r  each  o t h e r  i n  t h e  same s h a d e  p a t c h  t h e  d i s p l a c e d  i n d i v i d u a l  can  
f l e e  t o  a nearby  shaded p a t c h  t o  e i t h e r  h i d e  i n  t h e  v e g e t a t i o n  o r  burrow i n t o  t h e  
l o o s e  sandy s o i l .  The a v a i l a b i l i t y  of nearby  p a t c h e s  o f  shade  and t h e  a g o n i s t i c  
n a t u r e  o f  t h e  l i z a r d s  p robab ly  combine t o  produce t h e  d i s p e r s e d  s p a t i a l  p a t t e r n .  

I n  w e s t e r n  Colorado & w e r e  o n l y  found a l o n g  rocky h i l l s i d e s  where shade  
p a t c h e s  o c c u r  i n  r e l a t i v e l y  l a r g e  clumps. P a t c h e s  o f  shade  were  produced by 



extremely l a r g e  b o u l d e r s  and a few wide ly  s c a t t e r e d  j u n i p e r  t r e e s .  Here l i z a r d s  
d i s p e r s e  w i t h i n  a p a t c h  of  shade  n o t  between p a t c h e s  as s o u t h e r n  !J& do. 
Because o f  t h e  l a c k  o f  v e g e t a t i o n  a l o n g  t h e  rocky hillsides and t h e  hardpacked 
s o i l  l i z a r d s  cannot  r e a d i l y  e s c a p e  a n  a g o n i s t i c  n e i g h b o r ,  the r . e  a r e  few p l a c e s  t o  
h i d e .  Hid ing  from n e i g h b o r i n g  l i z a r d s  i s  r a r e l y  a problem f o r  n o r t h e r n  Uta 
because  o f  t h e i r  low l e v e l s  o f  agonism. T h e i r  conf inement  t o  b a r r e n  rocky h i l l -  
s i d e s  and t h e i r  low l e v e l  of agonism probab ly  combine t o  produce t h i s   population.'^ 
clumped s p a t i a l  p a t t e r n .  

The p h y s i c a l  s t r u c t u r e  o f  t h e  h a b i t a t  and t h e  l o c a l  s o c i a l  s t r u c t u r e  a r e  
complimentary.  When a s o u t h e r n  U t a  must f l e e  from a n  a g o n i s t i c  n e i g h b o r  i t  h a s  
a p l a c e  t o  f l e e  t o .  Northern Uta d o n ' t  have a p l a c e  t o  f l e e  t o  b u t  t h e n  t h e y  
d o n ' t  need one.  I f  l a n d  a l t e r e d  by s t r i p  mining was t o  be  r e c l a i m e d ,  t h e  s i z e  and 
d i s t r i b u t i o n  o f  shaded m i c r o h a b i t a t s  shou ld  match t h e  e x i s t i n g  s o c i a l  s t r u c t u r e .  
It might b e  a m i s t a k e  t o  t r y  t o  f o r c e  a g o n i s t i c  s o u t h e r n  p o p u l a t i o n s  t o  l i v e  i n  a n  
a r e a  o f f e r i n g  few b u t  l a r g e  shade  p a t c h e s  w i t h  few p l a c e s  t o  h i d e .  On t h e  o t h e r  
hand n o r t h e r n  - U t a  might do w e l l  w i t h  more b u t  s m a l l e r  shade  p a t c h e s  o f f e r i n g  many 
p l a c e s  t o  h i d e .  

I n  summary, t h i s  y e a r  we have been a b l e  t o :  

1 )  ex tend  t h e  g e n e r a l  m i c r o c l i m a t e  model two ways: a )  t o  i n c o r p o r a t e  wet 
ground s u r f a c e s  ( b o g s ) ,  and b)  t o  i n c o r p o r a t e  s l o p e  e f f e c t s .  T e s t s  o f  t h e  model 
i n  a Michigan bog (Kingso lver ,  1979) and t h e  Galapagos I s l a n d s  ( P o r t e r ,  Tracy 
and C h r i s t i a n ,  1980,  AIBS mee t ings ,  i n  p r e p a r a t i o n )  show t e m p e r a t u r e  a c c u r a c i e s  
t o  w i t h i n  4OC a t  w o r s t  a t  any s o i l  o r  a i r  l o c a t i o n ,  which i s  a b o u t  a 2% e r r o r  i n  
e s t i m a t i o n  o f  metabol ism ( P o r t e r  and James, 1979) .  

2)  t h e  a d d i t i o n  t o  e c t o t h e r m  modeling a n  a n a l y s i s  o f : .  a )  r e p r o d u c t i o n  i n  
he te rogeneous  and u n c e r t a i n  environments ;  b) p r e d i c t i o n  o f  d i s t r i b u t i o n  l i m i t s  
due t o  egg i n c u b a t i o n  requ i rements  (Muth, 1 9 8 0 a , b , c , d ) ;  c )  a d d i t i o n  o f  appendage- 
t o r s o  modeling and tests on l a r g e  ec to therms  (Tracy,  C h r i s t i a n  and P o r t e r ,  
AIBS p a p e r ,  and 1980 i n  p r e p a r a t i o n ) ;  d)  s o c i a l  sys tems  i n t e r a c t i o n s  w i t h  
env i ronmenta l  and p h y s i o l o g i c a l  v a r i a b l e s .  

3) c o n t i n u e  t h e  endotherm ( d e e r  mouse) e x p e r i m e n t a l  r e s e a r c h  and e x t e n d  t h e  
growth and r e p r o d u c t i o n  s t u d i e s  t o  i n c l u d e  t h e  e n t i r e  r e p r o d u c t i v e  and growth 
c y c l e  i n  t h e  d e e r  mouse. 




