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oodland,  f o r e s t ,  and g r a  and communities 

of t h e  Grand Canyon r ims a r e  i s o l a t e d  by t h e  canyon p h y s i c a l  

b a r r i e r ,  i t s  con ta ined  shrub d e s e r t  communities, and o t h e r  

a r id - semia r id  environments surrounding Grand Canyon Na t iona l  

Park. The n o r t h  r i m  i s  approximately  1000 f e e t  h ighe r  i n  

e l e v a t i o n  and cor respondingly  more mesic than  t h e  sou th  r i m .  

T iger  salamander (Ambystoma f ig r inum)  popula t ions  occur  i n  t h e  

r i m  communities, n o t  i n  t h e  Grand Canyon. The s p e c i e s  i s  

broadly  d i s t r i b u t e d  e lsewhere  i n  bo th  t ime and space ,  s o  

Grand Canyon popula t ions  presumably had a  common gene pool 

be fo re  canyon format ion .  In format ion  r e l a t i v e  t o  n o r t h  r i m  v s  . 
south  r i m  d ivergence  i n  l a r v a l  (pond i n h a b i t i n g )  and subadul t -  

a d u l t  (gopher burrow i n h a b i t i n g )  i n d i v i d u a l s  was ob ta ined  i n  

o rde r  t o  e l u c i d a t e  t h e  e v o l u t i o n  of t i g e r  salamanders du r ing  t h e  

10 m i l l i o n  yea r s  of  Grand Canyon e r o s i o n .  

Between 5  J u l y  and 6  September 1966, 52 d i f f e r e n t  

c o l l e c t i o n s  of t i g e r  salamanders and a s s o c i a t e d  environmental  

d a t a  were made on bo th  r i m s ,  l a r g e l y  i n  Grand Canyon Na t iona l  

Park;  580 specimens of a l l  age -c l a s se s  were preserved .  F i f t y - s i x  

i n d i v i d u a l s  were t r a n s p o r t e d  a l i v e  t o  Baylor U n i v e r s i t y  f o r  

p h y s i o l o g i c a l ,  chromosomal, and e l e c t r o p h o r e t i c  s t u d i e s ;  and 

misce l laneous  n o t e s  on s t i l l  another  2,600 salamanders were 

ga thered .  A few c o l l e c t i o n s  of v e r t e b r a t e  a s s o c i a t e s  

(Microtus longicaudus,  Thamnophis e l e g a n s ) ,  gopher burrow 

c o i n h a b i t a n t s  (Thomomy s  bo t  t a e ,  Scaphiopu_s in termontanus)  
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and a q u a t i c  p l a n t s  from salamander ponds (Potamogeton, Sparganium, 

Juncus,  Carex, e t c . )  were made, 

Primary s tudy  l o c a t i o n s ,  r e p r e s e n t i n g  d i f f e r e n t  s e r e s ,  

were t h e  Hears t  and Hu l l  Ponds (South Rim), and Harvey, 

Greenland,  North Boundary, L i t t l e  Park,  and I n d i a n  Ponds (North 

Rim). Border ing t e r r e s t r i a l  h a b i t a t  w a s  cons idered  p a r t  of a 

s tudy  a r e a .  Temperatures of sa lamanders ,  water s t a t i o n s ,  gopher 

burrows, and ground s u r f a c e  cover ,  were r e l a t e d  t o  m i c r o c l i m a t i c  

p a t t e r n  and salamander a c t i v i t y .  Pond t u r b i d i t y ,  w a t e r - l e v e l ,  

and oxygen c o n c e n t r a t i o n s  were d i scove red  concomitant ly .  

R e l a t i v e  humidi ty  r e a d i n g s  under ground s u r f a c e  cover  ( c h i e f l y  l ogs )  
, 
I 

and i n  gopher burrows were accumulated.  Mark-recapture 

techniques  f u r n i s h e d  d a t a  on l a r v a l  popu la t ion  dynamics and were 

f a c i l i t a t e d  by marked census  p l o t s  and funne l  t r a p s  i n  c e r t a i n  

ponds. Observat ions  of gu lp ing ,  agg rega t ive ,  d e f e n s i v e ,  

mig ra to ry ,  metamorphic, and o t h e r  behavior  ,o f  l a r v a e ,  subadul . ts ,  

and a d u l t s  r e v e a l e d  new in fo rma t ion  r e l a t ' e d  t o  d i e 1  and l i f e  

c y c l e s .  

C r i t i c a l  thermal  maximum (CTM) and d e s i c c a t i o n - h y d r a t i o n  

r a t e s  were determined f o r  s u b a d u l t s ,  a d u l t s ,  and l a r v a e  a s s o c i a t e d  

wi th  two d i f f e r e n t  primary s tudy  a r e a s  on t h e  n o r t h  r i m  and one 

on t h e  sou th  r i m .  Experimental  salamanders were a c c l i m a t i z e d  

and 65 P 5 percen t  r e l a t i v e  humidi ty ,  t h e  means 

t h e  h i g h e s t  s e r i e s  of f i e l d - r e c o r d e d  body tempera tures  and 

humid i t i e s .  Transformed i n d i v i d u a l s  were assumed t o  modify 



microenvironments under l o g s  and i n  gopher burrows by t h e i r  mere 

p resence ,  s o  a  mic rodes i cca to r -hyd ra to r  was des igned .  It was 

used on ly  i n  d e s i c c a t i o n  exper iments ,  s i n c e  specimens were i n  

s h o r t  supply .  

Blood serum e l e c t r o p h o r e s i s  of subadu l t  and a d u l t  specimens 

from bo th  r ims was i n i t i a t e d ,  b u t  a  l a b o r a t o r y  a c c i d e n t  

de s t royed  a l l  exper imenta l  m a t e r i a l  b e f o r e  p r o t e i n  e l e c t r o -  

pho re s i s  and karyo typ ing  could  be  accomplished.  Morphological  

d a t a  c h a r a c t e r i z i n g  growth,  t r ans fo rma t  i o n ,  and geographic  

v a r i a t i o n  a r e  a l s o  incomplete  a t  p r e s e n t .  Thermal g r a d i e n t  

behav io r ,  food h a b i t s  a n a l y s i s ,  and h y b r i d i z a t i o n  exper iments  

a r e  a d d i t i o n a l  a s p e c t s  

s t udy ,  which con t inues  

p re l imina ry  r e s u l t s  of 

summarized below. 

of t h e  t o t a l  evo lu t iona ry -  e c o l o g i c a l  

through 1968. Neve r the l e s s ,  some 

t h e  Penrose  Fund Research Grant  a r e  

F i e l d  thermal  s t u d i e s :  (1) sha l low wa te r  pond tempera tures  

were h i g h e r  and more l a b i l e  t han  deep wa te r  t empera tures  on both  

r i m s ,  bu t  t h e  n o r t h  r i m  had c o o l e r  t empera tures  o v e r a l l  w i th  l e s s  

c o n t r a s t  between dep ths ;  (2) more l a r v a l  gu lp ing  ( lung-brea th ing)  

0 
occur red  a t  wa te r  s u r f a c e  t empera tures  o f  20-21 C.  and body 

0 
tempera tures  of 17-20 C i r r e s p e c t i v e  of d a t e ,  t ime and oxygen 

c o n c e n t r a t i o n ;  (3) l a r v a l  and s u b a d u l t - a d u l t  body tempera tures  

(means 19 .2 ,  1 7 . 1 ' ~ .  , r e s p e c t i v e l y )  were c u r v i l i n e a r l y  r e l a t e d  

t o  wate r  and s u b s t r a t e  t empera tures  w i t h  evidence of more 

behav io ra l  t he rmo- regu la t i on  a t  t h e  h i g h e r  environmental  
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t empera tures ;  (4)  a l l  age-cl -asses  on t h e  sou th  r i m  had body 

0 
tempera tures  2-5 C .  above t h o s e  on t h e  n o r t h  r i m ;  (5) gopher 

burrow tempera tures  were lower and more uniform than  

tempera tures  under s u r f a c e  cover ,  t h e  n o r t h  r i m  s t a t i o n s  be ing  

s i g n i f i c a n t l y  c o o l e r  t h a n  sou th  r i m  s t a t  i o n s  ; (6)  salamanders 

were no t  found under cover o r  i n  burrows when tempera tures  

0 
exceeded 29 C .  i n  t h e s e  microenvironment s . 

Labora tory  thermal  s t u d i e s :  (1) t h e  CTM of s u b a d u l t s  was 

0 . 3 - 0 . 7 ° ~ .  above t h a t  of  a d u l t s ;  (2) n o r t h  r i m  s u b a d u l t s  had a  

s i g n i f i c a n t l y  lower CTM t h a n  sou th  r i m  s u b a d u l t s ,  bu t  t h e  n o r t h  

r i m  v s .  ~ ~ o u t h  r i m  d i f f e r e n c e  i n  CTM of s u b a d u l t s  was not 

s i g n i f i c a n t ;  (3)  t h e  mean CTM of a l l  n o r t h  r i m  t r ans formed 

0 
specimens (39.4 C .) was s i g n i f i c a n t l y  lower t h a n  t h e  40. 1°c. 

mean f o r  t h e  sou th  r i m ;  (4)  l a r v a e  had a  s i g n i f i c a n t l y  lower 

0 
CTM (mean 37.8  C.) t han  t ransformed specimens,  t h e  sou th  r i m  

v s .  n o r t h  r i m  d i f f e r e n c e  i n  l a r v a l  CTM be ing  s i g n i f i c a n t ;  

(5) two d i f f e r e n t  n o r t h  r i m  pond popu la t i ons  had i n s i g n i f i c a n t ] - y  

d i f f e r e n t  CTM v a l u e s .  

Humidity and d e s i c c a t  ion-hydra t  i o n  a n a l y s i s  : (1) l o g s  and 

gopher burrows w i t h  38-60% r e l a t i v e  h u m i d i t i e s  d i d  n o t  c o n t a i n  

t ransformed sa lamanders ,  w h i l e  t h o s e  w i t h  42-94% r e l a t i v e  

h u m i d i t i e s  d i d ;  (2 )  n o r t h  and s o u t h  r i m  humidi ty  v a l u e s  

overlapped b road ly ,  b u t  t h e  n o r t h  r i m  had a  s i g n i f i c a n t l y  h i g h e r  

mean v a l u e  t han  t h e  sou th  r i m  (72.4  v s .  62.1%) ; (3)  s u b a d u l t s  
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l o s t  and gained wate r  more r a p i d l y  than  a d u l t s ;  (4) n o r t h  r i m  

specimens had s i g n i f i c a n t l y  h ighe r  r a t e s  of d e s i c c a t i o n  (mean, 

12.7  mg. H 0 loss/hr. /gm.wt.)  and h y d r a t i o n  (mean, 67.5 mg. 
2  

H 0 gain/hr . /gm.wt . )  t han  sou th  r i m  specimens (10.8,  52.2, 
2  

r e s p e c t i v e  means) ; (5) two d i f f e r e n t  n o r t h  r i m  pond popu la t ions  

had s i g n i f i c a n t l y  d i f f e r e n t  d e s i c c a t i o n  and h y d r a t i o n  r a t e s .  

Popula t ion  f e a t u r e s :  (1) l a t e r  s e r e s  conta ined  fewer ,  sma l l e r  

l a r v a e  t h a n  e a r l y  s e r e s ;  (2) tw ice  as many l a r v a e  were c o l l e c t e d  

i n  t h e  40-60 mm. snout-vent  l e n g t h ,  s i z e - c l a s s  (mean of c l a s s ,  52.2 m m . ,  

s -v . )  t han  i n  any o t h e r  s i z e - c l a s s  on t h e  n o r t h  r i m ,  whereas sou th  

r i m  ponds had as many l a r v a e  i n  t h i s  c l a s s  a s  i n  a l l  o t h e r s  from 

20 t o  90mrn. (mean of  40-60 mm. s i z e - c l a s s ,  50.1  m m . ,  s - v . ) ;  

(3)  one sou th  r i m  pond suppor ted  134 more l a r v a e  per  625 squa re  

f o o t  p l o t  t han  a  n o r t h  r i m  pond of comparable s e r a 1  s t a g e  and s i z e ;  

(4) number of  l a r v a e  pe r  s tudy  p l o t  d e c l i n e d  0 .5  i n d i v i d u a l s  per day 

i n  t h e  f i r s t  t h r e e  weeks of  s tudy ,  1 .5  i n d i v i d u a l s  per  day du r ing  

t h e  l as t  t h r e e  weeks w i t h  d i f f e r e n c e s  between r i m s  due t o  season;  

(5) pe rcen t  of l a r v a l  sample t ransforming  inc reased  0-60 du r ing  

t h e  f i r s t  t h r e e  weeks on t h e  sou th  r i m  and 51-90 du r ing  t h e  las t  

t h r e e  weeks on t h e  n o r t h  r i m ;  (6) marked l a r v a e  moved l a t e r a l l y  

an  average  of 3.8 f e e t  per  day,  t h e  i n t e r - r i m  d i f f e r e n c e  no t  

be ing  s i g n i f i c a n t ;  (7) marked l a r v a e  were recovered  i n  p o s t - t r a n s -  

fo rmat ion ,  over- land m i g r a t i o n  up  t o  250 ya rds  from t h e i r  home 

ponds. 
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Behaviora l  o b s e r v a t i o n s :  (1)  d i e l  v e r t i c a l  m i g r a t i o n s  of 

l a r v a e  a p p a r e n t l y  were r e l a t e d  t o  l i g h t - t e m p e r a t u r e  regimes;  

(2)  l a r v a l  f e e d i n g  agg rega t ions  resembled t h o s e  of Scaphiopus 

t a d p o l e s ;  (3)  non-breeding m i g r a t i o n s  of  s u b a d u l t s - a d u l t s  and 

a d u l t  b r eed ing  m i g r a t i o n s  were c o r r e l a t e d  w i t h  r a i n f a l l  of  0.14 

inches  o r  more; (4)  s u b a d u l t s  and a d u l t s  e n t e r e d  and l e f t  Thomomys 

burrows and o f t e n  used Microtus  runways on r a i n y  n i g h t s ;  (5) t i g h t  

s p i r a l  c o i l i n g  i n  s u b a d u l t s  was a s s o c i a t e d  w i t h  low r e l a t i v e  

h u m i d i t i e s  under s u r f a c e  cover ;  (6)  t a i l  wagging, cauda l  

s e c r e t i o n  and an  e r e c t  body p o s t u r e  c o n s t i t u t e d  d e f e n s i v e  

behavior  i n  r e sponse  t o  p h y s i c a l  c o n t a c t .  

Morphological  d a t a :  (1)  l a r v a l  c o l o r - p a t t e r n  v a r i e d  w i t h  s e r a 1  

s t a g e ,  t&)bidity, d i e l  c y c l e ,  and degree  of t r a n s f o r m a t  i o n ,  i n t e r -  

r i m  d i f f e r e n c e s  n o t  b e i n g  a p p a r e n t ;  (2)  n o r t h  r i m  l a r v a e  had 

s i g n i f i c a n t l y  more g i l l  r a k e r s  (mean, 20.3) on t h e  a n t e r i o r  

f a c e  of t h e  t h i r d  a r c h  t h a n  sou th  r i m  l a r v a e  (mean, 1 9 . 2 ) ,  and 

number of  g i l l  r a k e r s  i n c r e a s e d  o n t o g e n e t i c a l l y  u n t i l  t r a n s -  

fo rmat ion ;  (3)  newly t r ans fo rmed  specimens averaged 53.3  mm. 

snout -ven t  l eng th  on t h e  n o r t h  r i m ,  65 .4  mm. s -v .  on t h e  sou th  

r i m ,  bu t  c o n s i d e r a b l e  d i f f e r e n c e s  between pond popu la t i ons  

ob t a ined ;  (4)  n o r t h  r i m  i n d i v i d u a l s  l o s t  t h e i r  d o r s a l  yel low 

marking and became o l i v e  w i t h  b l ack  s p o t s  and r e t i c u l a t i o n s  

b e f o r e  r e a c h i n g  a d u l t  s i z e  (mean, 93 .5  m m . ,  s - v . ) ,  w h i l e  t h e  

l a r g e r  sou th  r i m  a d u l t s  (mean, 97 .1  mm. , s - v . )  u s u a l l y  remained 

ye l low-spot ted ;  (5)  n o r t h  r i m  s u b a d u l t s  had 33-66 (mean, 46.8) 
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yellow body s p o t s  on t h e  dorsum and s i d e s  between extremes of 

limb i n s e r t i o n ,  an  i n s i g n i f i c a n t l y  d i f f e r e n t  number compared 
t 

t o  sou th  r i m  subaduys w i t h  34-64 (48.7) s p o t s ;  (6) sou th  r i m  

a d u l t s  had 15-45 (32.6) s p o t s ;  (7) s o u t h  r i m  a d u l t s  had a  

brown-bronze i r i s ,  and n o r t h  r i m  a d u l t s  had a  bronze-gold  

i r i s .  

Th i s  p r e l imina ry  d a t a  sugges t s  c o n s i d e r a b l e  e v o l u t i o n a r y  

d ivergence  of t i g e r  salamanders on t h e  Grand Canyon r i m s ,  a l though  

Ambystoma t i g r inum nebulosum Hal lowel l  i s  a p p l i c a b l e  t o  bo th  r i m  

popula t ions .1  Evolu t ionary  d i r e c t i o n  i s  c l o s e l y  t i e d  t o  i n t e r -  

r i m  environmental  d i f f e r e n c e s ,  and l a r v a l  and s u b a d u l t - a d u l t  

a d a p t a t i o n s  a r e  c o r r e l a t e d  w i t h  pond and gopher burrow n i c h e s  

t h a t  v a r y  acco rd ing ly .  N a t u r a l  gene f low,  i f  any,  between t h e  

Grand Canyon r ims may never  be  a s c e r t a i n e d ,  f o r  t h e  g r a n t e e  

has  observed t h a t  c u r r e n t  e c o l o g i c a l  m o d i f i c a t i o n s  of  t h e  

Colorado River  by Glen Canyon Dam and Lake Powell a r e  a l t e r i n g  

Grand Canyon Na t iona l  Park a s  a  n a t u r a l  l a b o r a t o r y  of  e v o l u t i o n .  

C e r t a i n l y  t h e  proposed Marble and Bridge Canyon dams would 

e l i m i n a t e  t h i s  unique " l abo ra to ry"  a s p e c t  of t h e  Grand Canyon. 
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