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INTRODUCTI ON

Th e g e n u s D i o d a w a s  d e sc r i b e d i n 18 61 b u m d o n th e sp e c i e s

Q. phnupii  Gray xsalc-phi llxpnin S i n ce 18131 many a d d i t i o n a l

(Gr innellsp e c i e s h a ve b e a m  d e scr i b e d an d a r r a n g e d i n a e v l t a l g r o u p s

1921; Bur t, 1936; Set ter , l. 9l9) . Th e lul l recent  wor k on the t lxnnoiy

o f D i p o d o l w s ( L i d i c k e r 1 9 6 0 ) k i l t : 21 s p e c i e s i n 6 g r o u p s T w o n e u

u p e c i e n h a ve b e e n  d e sc r i b e d s i n c e 19 6 0 . Thev a r e Q . n u t i q u l r i u n Huev

19 62 an d Q . c a u c u s Huey k 9 h 2 . Q . c a n c u n h a s l i n c e b e e n p l a c e d i n

ay no ny m y w i t h  Q . n t e p h e n a i ( M e r r i a m 1<=o<»J (L a c k e y 1 9 6 7 ) . l e a v i n g a

t o t a l n f 22 s p e c i e s i n t h e ge nu s

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

n o r  t h e r n f o u r - : o o d s u b s p e c i e s o f Q . h e e r m a n n i Le C o n t e 18 53 f r o m t h e

so u t h e r n f i v e - t o o d '  su b sp e c i e s o l Q . h e e m a n n i . The t h r e e n o r  th e r n

p o p u l a t i o n s I r e c o g n i z e Aa I l e p sr a t e sp e c i e s u n d e r th e nsme ~

c e l i f o r n i c u s M e r r i a m , 18 9 0 . T h i s g i v e s .1 m u l o f 23 s p e c i e s i n t h e

ge n u e a t t h e p r e s e n t .

T h i s st u d y i s co n c e r n e d  w i t h su b g r o u p A o f th e h e e r u a n n i g r o u p

of the genus Dipodcnys which inciudea the following species

Q. heermlnni Le Conte, 1853 Q. Plul lint in un ( H e r r in 189J»)

Q. ca l i fo r n ic u s  H e r r in , 1890 Q . s t e p h e a s i ( M e r r i a m , 1 9 0 ? )

Q. ingenl (Merriam 19 00 Q. Er lvipgl Huey 1925

I}1p¢; d_c2ys 3 L g [ 1 g § |  l n . : n o t i n c l u d e d i n t h i s s t u d y

I w a s  n o t su c c e ss f u l i n : r a p p i n g an y l p e c i l c n s o f th e Di p o d o n vs

c u c u n p o p u l a t i o n  a f  t e r l e v c r a l a t t e m p t # an L. |ck¢r y ' n s i t e ;

r

1



2

Un fn r  t u n a t e i y th e Ar e a s h e d e sc r i b e s a r e b e i n g d e v e l o p e d and th e

p o p u l a t  L o n  u v h a ve b e e n e x t i r p l t e d

The p r i n c i p a l ra l ng r o f D i p o d o n y a h e e r m n n n i i s nc |1th1-Haut o f t h e

T e h l r h i p i ' I n u n t a i n s an d ve a l n f t h i S i e r r a Ne vad a Ran ge e x t e n d i n g

no r  t h no t h e v i c i n i t v o f S an F r a n c i s c o Bay o n t h e ve s t an d M n d n f

I

RL n u n tv i n th e ca s t

D i o d a c a l i f o r n i c u a r a n g e : f r o m San F r a m  i sc o Bav an d Amador

M th e n u r l h an d o l th e h i r r r nCo u n tv n o r  th bnf cmd th e O r e g o n h a r d e r

Nl rvsd a Ra ng e t h i s sp e c i e s c r a n e s Lo th e e a st sa l a r nu th e S u s i u v i l l n

a r  e a

Di p o dcm yn p a n sm i n t l n n u r a n g e s f r o m th e '1o jn vr De se r t no r  th . . | ch

San Be r n a r d i n o an d S a n  G a b r i e l "1nun t. ||1.n| th r o u g h th e Ove n s V l l l e v .

b e t w e e n t h e S i e r r a Ne va d a Rnnge an d t h e \~||1. I: r H o u n t a i n a a r o u n d * i nnv

Lake east of ].Akr Tlhoe and nor th to Ronev Ind Pvramid l.skim Ln

a d d i t i o n t h e r e a r e t h r e e i s o l n t t d p o p u l a t i o n s - - Q . E . D s n a m i n t i n u s

( M e r r i a m 1S?4»} i n A l i m i t e d a r e a o f t h e P l n l m i n t H u m e D E a r s u e n i l a

P. caudaturi Ha l l , Na b inHuey, 19Ja5 from the Argus Hnuntaina and ~

Lhe c a l t c r n par  t o f th e Mo ja ve Deser  t

D i p o d o n y i l t e p h e n s i L l kn m m  cm 1\ . f r o m so u th w e st e r n San Be r n e r d t m .

Co u n tv so u t h o f th e San B e r n l r d i n o !'lo unLn 1.n| w e st e r n R i v e r s i d e L o u n l v

b e tw e e n th e Se nn a An : an d San J l c i n t o M o u n ta i n s an d n o r  th w e ste r n San

Th e p o p u l a t  i o n f r o mDiego County along the Sqn Lui!  Rey River  vlllav

th e Sa n L u i ! Rey Ri v e r v l l l e v i s th e p o p u l a t i o n d e sc r i b e d an p . c l i v t u l

by Huey ( 1 9 6 2 ) . an d l a t e r p h c e d i n avno n y m v w i t h 9 . s t e p h e n l i b v La c k e y

{ 1 9 6 ? \ .

Di p o d cm vs i n g e n a i n fo u n d c h i e f l y i n th e C a r r i r a P l a i n s an d



F i g u r e 1 D i s t r i b u t i o n  o f t h e h e e r h s n n i l u b g r o u p  A l p a c i c n o f t h e gs n u n
D 1 n I .

I

1
2
3
g,
5
6
7
s
q

D i o o d o i v l

Di p o d o l v n

D i p o d o n s

D i p o l o t y l
D i p o d o i f l

D i po dc m y s

D i p o d o l y l

D i p o d o l y l

D i p o d c l j l

D i p o d u l q n

D i o o d o n vn

D i p g d o n y s

5 . c a l i f o r n i c a :

c a l i f o r n i c u s u n t i l l . :

c a l i f o r n i c a ! a i m s

Q . h n r n u m i

h e e r u l n n i

h e e r n l n n i

h n r n n n i

h a c r u n n i
h n r n n n i

h s a r i n n n i

h e c r h l n n i

h ¢ ¢ r p p n n 1

b e r k n l a f e n s i a

d i m n i

| o } d l l n I .

t u h r e n l i a

j o i n n u n s i u

n o r r o a n l i a

l w u r  t h i

n r g c

l .

l

10
11
12



I

c al f cnrnicus/

. 9

; _ / 1 q|51;\<_i n u n L E U C U E Q D Y S

\

v
1

7 ~ 3 ' *.~.
Q. he e r l l n n l . -- "S X ;. ~  \ P* " " "1" l_' "

\ Q ~ I : ~  2 E ju c n s i s

\ \ \ ~ j. ~. Q. lohaven u

W Y  ` " '~` 5.15 .. .
Ea \ . ; f § ; , Q  ; :  ~ .

n .  ~ " v n u

\



5

through the Sln Joaquin Vallev

Di p o d o l l ys s r l v i p u 1 | r e s t r i c t e d t o a : n a i l a r e a a f n o r  th w e ste r n

B a j a C a l i f o r n i a

These rI\¥1E¢|\ were determined fr om Hall ind. Kclson (1959) . :nd
I

G r i n n e l l  ( 1 9 2 2 ) . I n d f r o m sp e c i m e n s i n th e Museum o f Co m p a r a t i ve Zo n i n g ?

U n i v e r s i t y n f C a l i f o r n i a f r o ! th e Fu n Di e g o Na tu r a l . H i n t o r v H u l e u l

I n d f r o m n p e c i n e n n c o l l e c t e d i n t h e c o u r s e n f t h i s n t u d v

The sp e c i f i c s t a t u s n l Di p o d o n y l s t e f h c n q h i s be e n q u e n t i n n e d bv

a num ber o f n u t h a r | i n c l u d i n g Ha l l . and K e i a o n ( 1 9 5 9 ) \ rho n u g g e m t h a t

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

Lark: v £l°h?)  denanntraled thatadjacent species L3 panaminninus

Q . s t e p h : n a ! seems Ln he mo r e f l a m e l v s l l i e d Lo D. b u n r n a r m i th a n l n

E i n a l i n t i n u a " l v s t u d v p r e s m t s t v i d r n c e \ onc e r n1n | ; r Lhe I a x o n m n hD

s t a t u s o f D a t e p h e n s i an d o t h e r ap e i c i n f th e h e e r m a n n i su b g r o u p A

i n C a l i f o r n i a

5eve1l1 methods of approaching the problem were considered \||Il*

Y h i l w as a t te m p te do f th e se was h y b r i d i z a t i o n o f su p p o se d sp e c i e i

th e n r e  j e c te d b e ca u se o f th e g r e a t d l f f l c u l t v i n b r e e d i n g ka n g a r o o r a t a

Chew (1958) . Butter iwor  th {i §!> l}  and Eisenberg £19610 hadi n Ca p t  l v i t v

s u c c e s s b r e e d i n g som e s p e c i e s b u t m v a t t e m p t s . w a r | pe r  i o d o f h m

v u r s w e r e u n l u c c e l a f u l

P r e v i o u s t o my w o r k U n i v Lh r  t e k a r v o l o g i c a l l r u d i e n I n d be e n

mer r imi H enr nl, 1590 (Crossmade with Dipodomvl, : n d  a l l  wer e  wi t h  Q

\ L n r v o l o g y f u l p r o ve d t o b e . | u se [ u l ::> o1
19 3 1 ; H l t t h e v , ]gg,g 1 9 5 6 )

i n c l a r i f  y i n g some s y u m u l c p r o b l l m l (Na d l e r an d Bl o ck 19 62 Nn d i e r

l 9 6 é ; P a t t o n 196? a 19 6? b ; P a t i o n an d Di n g m n n , 19 68 S u t t o n an d Na d l e r



'Ea

h m r e c e n t  a tu d i l l ( C lu t i , 1911; Pushing 19?3) repor  ted on the1969)

p a n l l i n t  i n g an dkn q r o ty p e n o f f o u r l p l c i l l o f D i p o d o l y l , i n c l u d i n g Q

C n u t 1 ' | w o r k l n d i c z t e s a c l o n e r e l a t i o n sh i p b e tw e e n t h e nheenanniQ
F i sh i n g d e s c r i b e ! th e k a r y o t v p c l o f th e n o r  t h r r n f o r m o fw o l p e c i e a

h a e r l l n n i , w h i ch I r e c o g n i z e a s A d l n t i n c r s p e c i n Ind cant rantsp
t h e !  w i t h t h e k a r y o t y p e l o f t h e u o u t h e r n ( o r b s o f Q h e e r n l n n l n

r e p o r  te d b y C s u t i an d a n u n p u b l i sh e d  w o r k o f A S t o c kn

An o t h e r u se f u l . t o o l l n l y n t m a x i c a 1 | se r u m p r o t e i n r l e c l r o p h o

\
I l h a s p r o v e d u s e f u l i n  m u l u l n f l n r l m l o n an d H i c k s 1959;r e n i n

1969) , in b ir ds (Beckman and NilacmJo h n so n , 19 6 8 ; Br a n d an d Ryckm xn

1Q5a> In I.-midi! iona m p h i b i a n : an d r e p t i l e s (b e sa a u e r an d Fax1 9 6 5 )

hn o ly n p h o f Lnnec u ru  pro ven c o b e of s i m i l l r  va l u e (Brodie and

Ry c klan, 196?) .\
( J o h n s o nAn e x t e n s i v e st u d y a f p r o t e i n v a r i a t i o n i n Di p o d o m yl

pu m m i n t .  i n u aan d S e l a n d e r , 1 9 1 1 ) uhm . n | c l o s e r e l a t i o n n h i p b e t w e e n Q

T h i s c o n c u r : w i t h Cn u t 1 | k . n v o } . o g i c1 1 a n n l v s l l|n d D heernlnni

(C su t i  I 19? 1)



HATE?IAL5 AKD nrmons

S p e c i m e n ! o f ka n g a r o o r a t a  w e r e c o l l e c t e d i n S h e r l l n l i v e t r i p s

bn ic ad  w ic h oa t iul between Febnury 1964i and July X970 I n  n r e ln

w h e r e th e r e  w a s a g o o d c o n c e n t r a t i o n  o f ka n g a r o o r a t s , T S -1 00 p e r ce n t

o f th e t r a p : h a d a n i m a l s Ln th e n a n d  l o l z o f th e l n i l l l l ca p t u r e d w e r e

ka n g a r o o r a t a .

An  n l te r nl t e l et h od  of  clpt u r in g l iv e  ln il l ll  wa s : h u of r iding

t h e r e r r  b u l p l r o f a  V o l k s w a g e n  w h i l e t r a v e l i n g ov e r d u e r  t t r s i l s 011:

o r p r e f e r e b l v tw o  p e o p l e r i d i n g o n th e b u m p e r  w e r e ar me d w i t h f l a sh l i g h t s

W hen . ln anilll vu seen in the bam of the he:ndand but ter fly nets

l i g h te n , th e d r i v e r sl o w e d  d o w n w h i l e th e p o t e n t i a l c a p t o r s  l o v e d

\

\
q u i c k l y t o u a l d t h e l u u g n r o o r a t i n l n a t t e m p t t o n e t i l : b e f o r e i t

elcaped dawn a burr ow or into thick br ush T h i s  l e t h o d p r o v e d t o b e
I

e f f i c i e n t  w h e n t h e p o p u l a t i o n  d e n s i t y i n d . H e a t h e r  w e r e f l v o r l b l e I n

w i n d y , c o l d  o r  w e t w e a t h e r , th e ka n g a r o o r a t s  w e r e e i t h e r i n o r c l o se

t o t h e i r b u r r c n n , an d c l p t : u r ¢  w e l  l u c h  m o r e d i f f i c u l t . I f p l a n t c o ve r

v u d e n s e . t h i s m e t h o d  u l ! n o t l l t i s f l c t o r y .

One species-Di od s in ge us - pr ov ed  d i ff ic ul t to captur e by

T h i s sp e c i e s u l l e x t r ~ e l ythis method,  even under  ideal condit ions

Animal! immediately r ln to their  bur r ows,  wher e they could bewary

s e e n  b o b b i n g  u p  I n d  d o v u i n l r mini lc ant  o f bur r o wing cu llm a n n e r

A ny c l o s e a p p r o a c h  w o u l d c n u s e t h e n t o r u n  d e e p e r i n t o t h e  b u r r o w , w h e r e

c a p t u r e  u n i m p o s s i b l e . F o r  t u n l t e l y t h i ! s p e c i e s , a l o n g  w i t h | 1 1 t h e

r e a d i l y e n t e r e d th e S h e r m a n  l i v e t r a p so t h e r D i p o d o u y s

One o f t h e  : n j o r p r o b l e m s o f a n  u t e u s i v e m ner t r i p  v u : h u

7



B

Th e y u e q u i t e h e a t - s e n s i t i v e an d o nn f ke e p i n g th e a n i l l l l coo l .

n e v e r a l o c c n l i u n i we l o l : e nu mb er o f a n i m a l s #v a n th o u g h th e v w e r e i n

a n a i r - c o r d i t i a n e d c a r .

th e a n i m a l s  w e r e l m i n u i n e d i n w i r e a n i m a ll n th e l a b o r a t o r y

P i n e w ood sh a v i n g ; w e re p l a c e dca g e s , o r i n p l a s t i c f l o w e r p l n n t e r s

i n th e ca g e s i n su ch |  u g y t h a t th e | n 1 n | ] co u l d d i g i n t o th a n l a d b e

Nh en th e co n t o f th e a n i m a l b e c m ep a r  t i n l l v h i d d e n f r o m n i g h t

th e a n i n s l w as p l a c e d o v e r n i g h t i n n bo x w i t h sa n d co v e r i n g

T h i s g a ve t h e a n i l m l am p l e t i m e t o r e s t o r f t h e n c r m | 1

dilheveled

the fl.oor

The fo o d c o n s i s t e d o i a  m i x t u r e n f w h e a t ,s l e r k . vpp ea rn nc e o f t h e f u r

Let Luce regu Ill 1 ycr u sh e d o a t s , w i l d b i r d se e d , an d m n f l n v e r i c e d !

i n t h i ! w i v f o rSome lninall were maintainedsu p pl e me n t n d th e d i e t

more Lhnn 18 month!

Senm elec y .ophorgnig

A p p r o x i m a r e l vA n i l l l l i w e r e b l e d f r e n th e v e n t r n l c.audA1 ve i n

The emptv end oftw o t h i r d s o f n c a p i l l a r v tu b e o f b l o o d was re mo ve d

th e tu b e w as l e s l e d b y h e a t i n g i n a b u n l e n  b u r n e r u n t i l th e g l a n s u n

The c z p i l l x r y tu b e w | | th e n p l a ce d l n | c e n t r i f u g e tu b e w i t hsn n e s l e d

Th e tu b e s w e r e c e n t r i f u g e d a t a p p r o x i m a t e l y 25 0 0Lh e c l o se d en d dow n

rpm f o r 1 5 - 2 0  l l n u t u i n a n I n t e r n a t i o n a l C l i n i c a l C e n t r i f u g e  w i t h a n

i n c l  i n o d h e a d

S e p r a p h o r e I I ! c e l l u l o l e n c e t n t e s t r i p s w e r e l o l k e d i n E-e l msn

Hig h- re so lu ti on  Bu f f er  o ve rn ig ht o r  f o r  a t lea nt thrue hours before

Th e c e n t r i f u g e c a p i l l a r y tu b e :  w e r e sc o r e d j u s t a b o ve th eu s i n g

co m p a cte d fo r m e d c l m e n t s , an d b r o k e n , so th a t o n l y se r u m r m m i n e d i n



9

t h e t u b e . Th e s e r u i  w a l t h e n Zo ad ad o n t o a G e l l l n S z r l l i A p p l i c a t o r

a n d a p p l i e d t o t h e S e p r a p h o r e s t r i p . The a t r i p  w a s t h e n p l a c e d i n t h e

e l e c t r o p h o r e s i s c h i l b e r . A  c o n a t a n x v o l t a g e o f ' 3 6 0  v  w i t h a l  m p e r a g e

b e t w e e n 1 . 5 an d 2 . 5  l a p e r s t r i p va a a p p l i e d f o r 9 0  m i n u t e s . The l t r i p a

w e r e a t l i n e d i n P o nc ea u S s t a i n f i x i t i v e s o l u t i o n an d c l e a r e d i n a n

a l c o h o l i c I G I  a c e t i c a c i d s o l u t i o n , a f  t e r w h i c h t h e y w e r e p l a c e d n n

(F a r d e t n i  l e d i n s t r u c tg i a ss s t r i p s a n d _  g e n t l v d r i e d i n a n i n c u b a t o r

P d r  | , T e ch n i q u e : an d A p p l r | ~l a n ! o n  e l e c t r o p h o r e s i s , se e G e l l ' l n r o c e  u e

tu s f o r E l e c t r o p h o r e s i s f r e t  G e l m l n I n s t n l e n t Co . Ann A

D r i e d c l e a r e d S e p r a p h c r e  s t r i p s u e r e l c l n n e

E l e c t r o p h o r e a i l De n si t o m e te r an d I n t e g r a p h .

r b o r P'l1ch \

d o n n D e n l i c n r d R e c o r d i n g

The r e s u l t i n g t r a c i n g : w e r e

T h r e e l e a s u r u n n t a w e r e r e co r d e d fo re x n i n e d l n d a l l p u n ks l o c a t e d

e i c h p e a k e x c e p t th o se l a b e l e d p e a k I' an d pe a k B. Th e se l e l a u r e m f n u

w e r e l ) n i g r a t i o n  d i s t s n c e b ) h e i g h t o f p e a k , an d c } num ber o f I n t e -

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

o f th e a r e a o f th e pe a k a a dc te r r l i n e z d b y th e l n l z e g r a p h . P e a k : I' an d 3

w e r e o f a u ch l o w  m a g n i tu d e th a t i t waa n o t a i g n i f l c a n t t o t r y t o sc o r e

t h e ! f o r a n y t h i n g b u t m i g r a t i o n  d i s t a n c e .

Be ca u se o f th e v a r i a t i o n : w i t h i n sa m p l e s e ve n f r o m th e same

a n i m sl a t th e l a n e t i l e th e f o l l o w i n g s t a n d a r d i z a t i o n ! w e r e n u d e

1 D i s t a n c e o f m i g r a t i o n

The llbunin band nf  Dipodolly a hgeppgnni  and D. p ln lm i n t i n u l  h l vc

the :me migr at ion distance [Johnson and Slllnder 1971] D1 podcrmyli

i n g e n n Q . l t z p h e n n i and Q . c a l i f o r n i c a : u m ! n o t r e p o r u d by Jo h n so n  a n d

S e l sn d e r b u t I l l l u l e t h e a l b u m i n  m i g r a t i o n  d i s t a n c e ; f o r th e r e t h r e e

c u e : t o  b e th e l a n e  o r s i l i l l r t o th o se r e p o r  te d . T h i s n ssm l p t i o n i n

ba s e d o n t h e f  a c t t h a t 1  w i d e r a n g e o f l p e c i u o f D i po do m y s w e r e
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a ssa v e d hy Jo h n so n a r d S 1 l a n d e r and th e r e  w u s ve t? l i t t l e v a r i a t i o n tn

l l b u m i n m i g r a t i o n d i l t n n c e i n th e g e n u s Th u s I d o n o t b e l i e v e u w

l i g n i l i c l n i e r r o r w o u l d b e i n t r o d u c e d bv a n a l m i n g a co n sta n t m1.g1|\1. \ :m

d i q t s n c e f o r s p e c i e s wh I . c h I i s s l v c d .

To standardize the data, I net the migr at ion distance for a l i
I

a l b u m i n b i n d s a t 10 0 . A l l o t h e r h a n d s  \ n . r e g i v e n a s | p e r c e n l i g e o f

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

' He i g h t o f pe a k

The h t l g h t o i th e pe a k de p e n d s u p o n th e d e n s i t v n f th e H a i n

\ r h i c h i n T u r n i n de p e n d e n t i n pa r  t up o n t h e c o n c e n t r a t i o n u f t h e p r o

S i n c e va r i a t i o n s . o c c u r i n t h e am o un t o t n l m p i e a p p l i e d . l v t h e[ e i n

s t r i p an d a l e i o l n t h e c l e a r i n g o f : h r s t r i p t h e a i h u n l n pe ak \. ran

a s s i g n e d a h e i g h t o f 10 0 F A c h o f  t h e o t h e r pe a k s r m l a l r i p was t h e n

n t u \ d s r d ! z . ¢ d tw t h e s a m : f l t t n r w h i c h g a ve t h e a l b m l l n pe a k 1| h e i g h t o f

0

m e

The s e d a t a  v r r r pu n c h e d o n IBM r m n p u l r r c a r d s w u h t h e I n l l n u i n g

da ta f or  z ac h  i n d i vi du a l

D i s t a n c e u f m i g r a l i o n { | ! I . . | | nd . l : d i z ed11

2. Height of peak Ulnnniardized)

Number o f I n t e g r a p h " b l i p :1

Number of "b11pll" divided bv height nf pelk£4

5. Numbfr of "blxpu" mult ipled bv hr lght of peak

Co m p a r i so n o l t h e  m i g r a t i o n d i s t a n c e o f Lhe ha n d n i n a l l po p u

Thane uere nunbcred 1-Slat ions lhmr eed l total of 9 ponaiblc bands

with the ninth band helm; labeled "albumin Where mo r e th a n on e

t r a c i n g w as l v l i l l h l c f o r o n e l n i m l l , th e d a t a  w e r e a ve r a g e d t o g i v e
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l s i n g l e a c t o f f i g u r e s f o r e a ch a n i m a l

F r o u t h e s e  d x t l i t v u d l t e r n i n e d  w h i c h ba n d n u l r e p r ¢ | ¢ n t i n  a a h

p o p u l a t i o n Bands 3| Ind 5 ar e ver v close, and in in populat ion! in which

o n l y  o n e o f th e se b a n d s  u n s p r e sc n t I u n a u t u b l e t n d e te r m i n e p o s i t i v e

l y  w h e t h e r Lhe b a n d  w a s in o r 5 . F o r t h i : r e a so n U m d a c k l o f ca r d s

and in dec k 2ln deck 1 th: band was :rented In band fawere punched

the  b in d v ll  t r ea te d ll ba nd S. These decks were then uub1ected Lo

S r  tp v i i e D i n c r l l i n l n t F u n c t i o n A n l l y n i s (Br{D0?\< - l e v l i t d l u l v Eh

D i x o n 19 6 3 .

N 6 9 J

As n c h e c k o n ac c u r a | : v t h e d a t a de c k s w e r e f e d ba c k i n t o Lhe

c o m p u t e r as unk n t h I1 |s , an d t h e c c n p u l e r was ins £1*u¢.* l | :d t o i d e n t i f v t h e

u n k n m m s i n t o t h e p o p u l a t i o n ! u f t h e o r i g i n a l d a t a

C h r o l o so t n l a n a l y s i s

A. P r e p a r a t i o n n l ch ro tl oa om en

Chro m u l l om rn w e r e p r e p a r e d by t h e c n 1 c h 1 ¢ : i m - h y p o l i o n i c \ i L r a | : e

m e t ho d o f F o r d a n d Hm l n e r  t on ( 1 9 5 6 ) a s  m n d i f i e d ny P a t t o n £l 9é1?a } w i t h

f u r  t h e r m o d i f i c a t i o n o f mv o v n .

Re a g en t s

Lise 0 . 0 1 ml  fs bo dv w e i g h ;Colchicine: 0.051 ufv (aqueous)1

So di um c i t r a t e : 0 . 8 2 (a q u e o u s) .

F i x a t i v e : 3 p u t s a b so l u t e m e th a n o l t o 1 par t. g l a c i a l l f ¢ [ 1 L

a c i d . M u st he  m a d e f r e sh fo r e a ch r u n .

2

3

Hunt be nldc fr elh  forGiemsa blood s ta i n : 101 (. lqueoul}

e l c h r u n

P r o ce d u r e

an d i n j  Ec te d l n t r a p e r  i t o n e a l l y1 L i v e a n i m a l s w e r e  w e i g h e d
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w i t h th e m p p r o p r i a t e  v o l u se o f c o l c h i c i n c

The [ahora2 Af ter  l-5 hour s, the  lnil ll s H er a e ut hln iz ed

t h e  e p i p h y l l l cu t o f f , a n d th e m l r r o ww e n  q u i c k l y re m o ve d

f l u sh e d  o u t b y f o r c i n g  u l r l ( 3 ? ' E ) l c d i u h c i t r a t e th r o u g h

th e c e n t r a l l | r r o u c n v i t y w i t h n sy r i n g e .

Th e sy r i n g e  u l l th e n u ssd t o  v i g o r o u s l y a s p i r a t e th e B l r r o u

w i t h so d i u~ c i t r a t e i n o r d e r t o d i n p e r l e an d su sp e n d th e

3

ce lls The luspended cells wer e then incubated in a water

bath at 3T"C for  26 minutes

Th e c e l l s w e r e f i l t e r e d th r o u g h ch e e a e c l n t h p r i o r t o c e n t r i -

f u g a t i o n a t 12 00 rp m i n a n I n t e r n a t i o n a l C l i n i c a l C e n t r i f u g e

w i t h a n i n c l i n e d h e a d .

The su p e r n a ta n t u a a c a r e f u l l y p o u r e d o f f , a n d 3  m l f i x a t i v e

a

Y
5

t h e b u t t o n o f C 0 1 1 | Theadded ge ntly  so  as no1 t o d i s t u r b

cel ls  w er e fi xe d fo r  at lens: 30 minutes

Th e b u t t o n  o f c e l l s  v u d i sp e r se d i n th e f u a t i v e b y g e n t l e6

a g i t a t i o n an d u p l r l t i o n  w i t h a P a st e u r p i p e t t e , ln a th cn

l

th e su sp e n s i o n  w a s c e n t r i f u g e d 5  m i n u te s a t 10 00 r p m .

T h e su p e r n a t a n t w as p o u r e d o f f 1 l l f i x s t i v e l d d e d , l n d th e

b u t t o n r e su sp e n d e d .

?

S t e p s 6 an d T w e r e r e p e a t e d t w i c e Af  te r th e f i n a l w a sh a n d

t h e  u t e r i a l v u r e a d y to  m o u n tr e s u s p e n s i o n

c l a m  I i c r o l c o p e s l i d e :  w e r e  p l a c e d i n t o i c e co ld .B Lsbeled

dis t i l le d  u a te r A co ld . s l i d e w as r e m o ve d , I n d i n r a p i d

l e q u e n ce , th e e x c e ss  w a t e r u l l sh a ke n o f f :h e b o t  c m  w i p e d

o n a p a p e r to w e l a n d 3-In d r o p s o f c e l l su sp e n si o n d r o p p e d
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o n t o th e l l i d e f r o m a h e i g h t o f l p p r m c i l a t s l y 10 c l

The s l i d e  v i s t i l t e d f r o n s i d e t o a i d e t n sp r f u l th e I i x i t i v e

an d c e l l s th a n d r i e d by th e i g n i t i o n  m e t h o d o f S h e n : ( 1 9 6 2 )

q

10. An soon an the flamz was extinguished, the slide uu\ r lpidly
|

l h a k e n t o r e n o va u w r e l l i n i n g  w a t e r d r o p l e t s , an d t o h a l t r n

c o o l i n g I n d th a n l e t a s i d e to I i n l l h d r y i n g .

' Jhen t h e g l i d a a  w e r e d n t h l r v w e r e s t a i n e d i n u l e n n a f o r 1 \

m i n u t e s . t h a n V e n gc n l l h f r i n s e d i n d i s t i l l e d u n t e r and s e t

l r l d c Lo d r v

11

i n  t olue ne fnr about 10 lec ondl12. The dr i ed.  luli dc s were immersed

a f  te r w h i ch th e v w e r e mo u n te d i n tu l u u n c -b a u e d F e r n o u n t

u s i n g a n u l b e r 1 U 2 ?\ '4x 5U ma g l | | | Ca rve r s l i p (T h r nu mb er

1 112 t h i c k n e s s p r o v i d e s t h e i d e l l r a n g e o f t h i c k n e s s f o r

Kodak Scisnt lfic and Technical Data Book P~2pho Log raphv

P h n t o g r n p h y T h r o u g h t h e H i c r o l c o p e . ffnth E. dl Li L1n 1 % n . J

I
J

Photogrnphv of chromosomesB

Th e p r e p a r e d s l i d e s w e r e sv s t m n t i c a i  l v n c m n e d u n d e r l o u p o u r :

(1001) for good chromosome spreads Th e m i cr o sco p e w as e q u i p p e d w i t h a

R r l d u l t e d l l e c h l n i c l l l l l g c I n d  v s m r d i n a t c s f o r ea c h s p re ad . w e l l

n o n e d so th a t : h u co u l d b e r e a d i l y r e l o c . n e d fn f  p h o t n g r n p h v Af  te r

1.0 o r m o r e  o f t h c b u t s p r e a d s ha d be e n l o c a t e d chew w e r e p h o l t o g r l p h e d

u s i n g 35 |m l i o dak H i g h C o n t r a s t Copy F i l a . A. H r n t t a n N o . 58 d a r k g r e e n

Thef i l t e r u a l u se d t o i n c r e a se th e v i e w i n g and p h o t o g r a p h i r c o n c r n u .

f i l m  u a l de ve l o p l sd i n Ko da k F l i c r o d o l - X Dcv e l u p e r f o r 6 - F m i n u te s a l

21° C ( 7 0 " F ) . The n e g a t i v e s w e r e p r i n t e d cm fa x5 i n c h Ko da k Ko d l b r fx n i d e

T h e se p r i n t : w e r e u se d f o r co u n t i n g th aF - 5 m i n g l e  w e i g h t p a p e r



l r .

ch r c u o a o l e a . Th e b e l t n e g a t i v e s w e r e e n l a r g e d t o 8 : 1 0 i n ch e s f o r u se

i n a r r a n g i n g th e k a r y c t y p e .

Co u n t i n g an d a r r a n g i n g th e ch r o a o so u e nc

Th e ¢ | x 5  p r i n t s  w e r e d i v i d e d i n t o se g n e n tn a n d th e num ber o f

ch ro m oso me s c a r e f u l i y co u n t e d . The m m b e r r e co r d e d u a e e i t h e r a n e u . ; I

a m b e r , o r i f d i s t o r  t i o n  o r o v e r l a p p r e ve n te d d e t e r i i n a t i o n o f a n e x a c t

(Sadler and Blocknu mb er a m m b e r p l u s o n e  w i t h a q u e st i o n  m a r k .

1962]

T h e r e a r e se v e r a l c l a s s i f i c a t i o n s v s t m a f o r ch ro m oso me s b a se d

o n s i z e , a n d r e l n t i v e l e n g t h s o f b u r n e d ch ro mo so me s (Be n d e r an d Chu

19 6 3 ! Nn d l e r an d Bl o ck 19 6 2 ; L e ve n F r e d g a an d Sa n d b e r g N b a )

Ac c ordi ng to Cluti . (19?1)

Due to high diploid number s and gr ldlt lon in siz e and

w o r p h o l o g y o f b l a r m e d e l e m e n ts d e a i g n sn i o n o f Lhe K-ch r o mo so m e

ca n b e o n l y t e n t a t i v e v i n h o u t | u t o r a d i o g r ; p h i c d u n . F o r

s i m i l a r r e a so n s o n l y tw o g r o u p s o f ch r o h o l o n e s a r e r e c o g n i z e d :

m e t a c e n t r i c - -c h r o m o so m e s d i i t i n c t l y b l a m e d , a n d l c r o c e n t r i c -

c h ro m os o m es w i t h l e c o n d a r m s  m i n u t e o r a b n n t (L e e nn d

Z i n l l e r t u n 1 9 6 9 } . "

I c o n c u r w i t h h i s f i n d i n g s an d us e t h e Same s y s t e m . Ho we ve r e ve n

t h i s s i m p l i f i e d s y n :  » 1 | d i f f i c u l t t o a p p l y i n nom e c a s e s . T h i s i s

e r p e c i l l l y t r u e i n t h e c a n e o f D i n od o m vs s t e p h e n l i . , w h i c h  h a s m. lr|Y

c h r o m o s o m e s  w i t h  m i n u t e o r s n a i l l r n u o r " r a b b i t e a r s " . Them e c o u l d

b e i n t e r p r e t e d u m e t a c e n t r i c o r a c r o c e n t r i c , d e p e n d i n g u p o n t h e e x p c r l

m¢m Ler s c o n c e p t o f t h e t e r m s " d i s t i n c t l y b i a r m e d " . Ind " m i n u t e "

De z te r m i n sl i o n o f x an d Y ch r o l o so m e s i s ve r v d i f f i c u l t i n  m o st
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Hm m v e r , i n a fe u c u e s , | l i | 1 1 l e t l c e n t r i c ch r o l o n cm e fo u n dc n s e s

o n i v i n t h e  l n l e l , c a n  b e  p n s i t i v g l y i d e n t i f i e d n a th e 'I ch ro m osom e

F o r  d e te n i n l t i o n  o f thy  f u ndl le ntn l n umb er (F1'l} {"Nollbr¢ Fund:
r

I assum e d a l l n u ch ro m oso me s t o h e  m e taaf ter Hat :hay 1§51)mental

Th a r l t i o n a l l f o r t h i s a ssu m p t i o n i sc e n t r i c o r b l a m e d

A c r o c e n t r i c X ch r c aames a r e r a r e i n r o d e n t s an d w hen p r e -1

o r | 1 1 o f Lhe kn r v o t y p e l l ca mp osgd o f sc r o c e n t r l cs e n t l o s t

ch ro m oso me s

l n  a l l previous work on Dipodony g, and in  | 1 1 c u e s i n t h i s2

a l l p o n i t i v e l v o r t e n t a t i v e l v i d e n t i f i e d l e x Ch r o n ol t u d y

n o t e s a r e I e t a c c n t r i c

th e nu mb erI f t h e x i s m e t a c e n t r l c a n d t h e Y 1 | n c r o c e n t r i c3

o f a c r u c e n t r i c an d u e t a c e n t r i c ch ro m oso me s i n l h f ka r vo t vp e n

of msle and [male a nimals should differ  bv one l ' h l | i s n o t

t h e c a s e i n u w p o p u l a t i o n I h a ve l t u d i e d

..F o r t h e s e r e a s o n s , I  h a ve a  r al s n n lb l z  ba s i s for  mvI b e l  i e ve

i n th e anL ma 1sa ssu m p t i o n t h a t X a n d Y ch ro m oso me s a r e  m e u c e n t r i c

s L u d 1 e d .

i v
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S erum ¢_1 _¢£ gop ho r e |  i n

Th e r i n t r o p h o r r  t i c m e th o d s u n cd r a v e a l e d s i><JLent1..n1 9 b c r m : o f

I n n o p o p u l a t i o n  w e r d l l l 9 ba n d spr ctvin in the populat ions ltudied

Ba nd s is and 5 a r e ve r v r l o n e a n d i n 15| p o p u l a t i o n sn c t u a l l v  p r e s e n t

w h e r e n n l v o n e o f th e se b a n d s ur ls p r e se n t 1 va n u n a b l e t o d e t e r m i n e i f

i t u l l b l n d 15 n r ba n d 5 The d a t a  w e r e a n l l v z r d tw i c e t r e a t i n g th e

Banda '  I n d B I r e  ve r v s ma l l and were notband!  . nl r n, th e n  l s a

Th e  d i s tr i b ut i o n o f bands in  e ac h p op ul lt lvmi n c l u d e d i n Lhe n n n l v s i u

i s s ho wn i n T l b l r I , and r c p r e s e n l l t i v e t r a c i n g ! i r e nhc rvn i n F i g s . 2

an d 1

I t w i l l h e se e n th a t ba n d 1 i n u n i q u e t o Di p o d o n l g p a n a a i n i i n u a

i u d a t u a . i fhe n st e p w i se d i sc r i m i n a n t f u n c t i o n n n l l u u i s was a p p l i e d

t h i s p o p u l a t i o n  w a s p l o t t e d s l s g r e a t d l n i l n r c f r o m th e fu th er 1U

Pu0 u a t o n s rw i n t u r n w e r e c um  e n a V f f Y l m ] a r e ap p l. 1 \ r h i l 1 p d i 11

I n o r d e r t n g e t l b a t t e r sp r e a d o f Lhe 1 0  o t h e r p o p u l a t i o n s th e

1 . n f o r ¥ l l t i \ n a b o u t ba n d 1 \ran su p p r f i l l e d an d o n l v ha n d s 2 - 6 and a l b u m i n

T h i s r e a u l g e d i n n m uc h b e t t e r a p r e u i o f t h e p o p u l a t i c l n xwere uled

(F 1s f~ 5 ) ' - he n l o o k i n g a t t hem e f l g u r  t i ho w e ve r i t m us t b e

re m e m b er ed t h l t ba n d 1 ha s be e n l u p p r e s l c d an d t h a t t h e a c t u a l p o s i t i o n

o f D i p od om y a p a n a m i n t i n u s c a u d l t u n i s we11 a b o ve t h e l o p o f l h e g r a p h
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Figure 2 Repraacntnlivo t r acing: uf scrum ¢1¢c:r uphor u1s pat ter ns
f o r  Qin eé f gxl

D i p o d o l v l

D i p o d o i v i

D i  p o d o a n

D i p o d o l f l

D i g o d o l y g

1 . n | ¢nn

l t l p h c n l i

_ll . h e c r i n n n i

h l c r l l n u i a r e n a s

h n r u n n n i l u l r  t h i

A

B

c
D
E

T h e se t r a c i n g ! l h o v  r l u  d l l l w h i ch I u v e n o t tsenn ¢ t l n d l rd  1  :e d
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R c p r l l l n t a t i v e t 1 . 1 c i n | | o f l a n !  c l o c t r o p h o r c u i n p a t t e r n s

f o r D j . @ o g 1 | {c o n t 1 . n u n d ) .
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2 . pa n t l n u n

g . c i l i f o r n l c u s

c a l i f o r n i c a : s n x n t i l i n

r

G
H
I
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T h i n t r a c i n g : sh o w  r a w  d a u w h i ch h a ve n o t be e n st a n d a r d i z e d
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Sc l t ta r g r nl  o f  p o p uln t i o n  i mma !  I n s u lt i n g  f r o m l t s pu i a c
d l l c r i n i mn t  f u n c t i o n  n n l l y s i l  o f  s l l c t r o p h e r o g r a l l .
( i n d i vi d u n ln  n o t p 1 o tt o d . }

Fi l u r ¢  6

|

D i o l
D t p o d o t u

D i . o l

D 1 o 1

D i o n

w ;
Dipodoavn
u m m
Dipo-doin
u
D 1 o |

i n | ¢ n n
l t e p h l n s i

Q . h c o r u n n i

h l l r i l n n i  l r l t u l

h u n n n n i s u l r  t h i

p a n - n u i n n i n u s  c l u d l t u s

p n n n i n t i u m l ¢ u c o l e n v s

p t n l l i n t i n u l  l o h l v l n l i l

2 . p u m n i n t i n u n

5 . c a l i f o r n i c a :

c a l i f o r n i c u t | l x l t i l i l

n.

B
c
D
E
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c
H
1
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x
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F i g u r l 5 S c a u a r g r a n  r c l u l t l n g f r c r l l t e p v i l e  d i o c r i n i n a m f u n c t i o n

a n a l y s i s o f e l e c t r o p h e r o g r l i l u s i n g  c a r d d e c k 1 ( n e e t e x t . )

1| p o p u l a t i o n n u n

Di p o d o n v l

Di p o d o n v l

D i 0 I

Dipodclrvl
Dipodnuvs
§1; °d° * T*
D i d l

D i p o d o i y l

D i o |

D i p o d o u v l
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p a u a l i n t i a h l l t u c o g t n y l

p n n n l i n t  i n n s  l a h a v e n l i s

2 p u u a i n t i n u l
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S c s t t l t g r l u  r e s u l t i n g  f r o !  l t c p v h l  d i l c r i n i n ln t f u nc ti on
amly s i l  o f  n l c c mr n p h a r o g r n s , using dec k 2 ( n n  r u t ) .
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The o n l y p c m u l a t i o n w h i ch showed. a  m a j o r ch a n g e i n p o l i t l o n

b e t w e e n dec k . : 1 an d 2 i s D 1 od. | _| ] . h c e n s n n i . B ec au s e o f t h e s m a l l

s i z e  o f th e p o p u l a t i o n - - o n l v r u n i n d i v i d u l l l - - l ca n n o t d e te r m i n e th e

c o r r e c t l o c a t i o n a n t h e s c a t t e r g r l m .

Th e tw o Di p o d o u yn c a l i f o r n i c u l p c p u l a t i o m a r e f a r re mo ve d f r o m

t h e o t h e r p o p u l s t i n n l b u t a r e c l o s e t o o n e l n o t h e r . \»"hen t h e d a t a cm \

( h e l m u m p o p u l a t i o n : w e r e t r a i l e d l s u n k n o u u l t h e c o m p u t e r m i s i d e n t -

1f1ed 3 Q. c a l i f o r n i c a :  u u a l i l l l \. 1 'i nnel] : nd Linadale 21] ga l )

cali ior n icuu

A n o t h e r d i s l i n r  t l v s e p a r a t e d p l i r l l ~  p . plr\ll_§_\:|_§1._n_\in

an d p . Q . l c u cu scn v s ( G r i n n e l l 191 9a J a r e i n l i t t l e a v : 1 l a p

th e se tw o p o p u l a t i o n s an d th e v i r c q u l t r d i s t a n t f r u m a l l u r h v r pn p u

l a t i o n s e x ce p t th e Lu o sm a l l p o p u l a t i o n s 9 Q . h e e r m a n ! And i) h

l r e n a e Bo u l u a r e Ul l a ] w ho se p r e c i se l o c a t i o n s o n th e a r a l t e r g r m ar a

u n c e r  ta i n When th e d a t a a r e t r e n l e d a s un kn r r v r u th e r e l f r no

m i s i d e n t i f l c l t i o n n i n de ck I w h i l e d e ck I m i a l d c n t i f l e n o n e U Q

p a n a m i n t i n u s an ~ P . l e u co g e n ya an d o n e ~ E l e u c o se n y l l n D. p .

p l t m m i n l .  i n u l .

. r
|

F o u r o f t h e r e n a m i n g p a p u l n t  i n n s s e e n l n r l u m p a r o u n d Q i p o do m l n

p u m m i n t i n u s m o h a ve n si s ( G r i n n e l l I M E ) Dec k 1 s hows t hem Lo h e

c l o l e l y c l u n p e d , w h i l e d e ck 2 n e p l r a t e a th a n a l i g h t l v

D; P ° d@ = 1 l §1&¢3:u an d D . e p h e n n i d o n o t o v e r l a p a t a l l . an d when

th e v a r e t r e a t e d an u n kn m m a o n e i n n o t m i l i d e n l i f i e d a s th e o t h a r

Di p o d a n va p a n m i n n i n u s m o h a v l n l i l H e l b e tw e e n an d o v e r l a p s b o t h

when the data ar e : r ented as unknownso f th e p r e v i o u s p o p u l a t i o n :

w e i n d i v i d u a l : a r e  u n i d e n t i f i e d a s Q . i n g e m a n d o n e 1 | Q st e p h e n s i
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CD n v e r se l y tw o  Q . i n g : n a l r e  m i s i d e n t l f  i n d a n Q . p a r u n i n t i n u s

I u h n l c n l i i , and Ln d e ck 1 n n l v o n e Q . s t e p h : n s i 1 |  n i n i d e n t t f i e d an

D. p a n n i n l i n u a  m o h a v e n n i n .

l n d e ck 1 Di p o du m vu h e e n u n n i g u a r  t h i L. r 1n n e 11 1919.9 u v e r l a p u

Q . i n g e n s Q . s t e p h e r u i , an d Q . E . m o h n e n s i n n deck 2 there in nn

o v e r l l p o f ~ h e e r m i n n i E l l r  t h w i t h th e o t h e r th r e e
|"hQTE lu  c n l v I

o n e  m i n i d c n t  l f i c l t i o n  w h e n :h e d a t a a r e t r e a t e d an u n k n o w n s- - i n d e r k

o u r Q . i n g sn a i n m i n i d a n i l f i e d . | | D he e r m a n n sl a r  t h i .

Ra r vo lo sv .

I n s u b g r o u p A n f t h e hc e r m m : 3 i g r o u p u f 1J i 2c l d r fn l a I f o u n d f o u r

d i n t l n c r ty p e s o f ka r v o t v p e s

1 Th e D. i n g ; n a ty p e

T h e  p . g t e p h e n s i l v p e

3 . The Q . he e r m i n n i - p a na m i . n t _ ru _ a l v p r

The Q . c a l i f o r n i c u s ty p e

Dipodomva stephenai an d ~ ingens are monntvpic spec lex hut J

h e e r m a n n i , Q . p a n a m i n l i n u n an d p . ca l  i f o r n i c u a a r e p n i v t v p i a sp e c  l r : i

T h e r e i l u l i g h l ; v a r i a t i o n i n U n Q . h e e r m a n n i - p a n u u n t  i n u s k n r v o i w p e ,

b u t t h e t w o p o p u l a t i o n s o f Q . c a l i f o r n i c a : w h i c h 1 n a n p l t d h a ve i d e n t iJ

c a l k l r y o t v p e s Th e i e n u r e s =; e a ch p o p u l a t i o n sm p l e d a r e d i a c u l n c d

l n h b l e 11"b e l o w an d m m m a r i z n d

1 . The Di p o d o m ys irggena kn r v c l y p e s.

T h i s sp e c i e s h a s th e h i g h e s t ch r o u o su g g co u n t an d h i g h e s t FN u i

Arn l p e c i e n i n th e h e e r n l a n i su b g r o u p  A. Al th o u g h th e Zn L o u n t o f T2

i n c l o s e t o t l m n o f Di pc vdum y s l t e p h e n a i ( l n - ? 0 ) : h e :m r ; »m » i . »5v o f : h p



F i g u r e I Ka r vo t yp e o f I fl ipo dor nrs l n g e n l M a l e H Fe m a l eA . ¢

0



J

11

. 1

IMI U5rf, aw 4| u r m  t l u * a

1 |  n w u | n \ u r n~ m i ,  as  »|  . ,

¢_Uww\ am 1 ml mam mmm Q1
' Y

dm te: om
A

5

dl M xx nnxxiu Hhs 'AIX' 1.

l~ 4 1. ms Bun ml|w1w&!>*¢\ m l¢'d,»

N0 l~»lx mnla,mNdoumf Aa an an
I l l l= 1~lm »»~ |

B



J*

¢:
1

can - I - | N I

3 _ 5 5 _ " _ I l _ : h a

" a u l l ' _ : I U _U-_ I

_E _ l n _ _ g : I R I S :

s - | r ~ | f ' Q HI I

I
D a 4

n u - | o ~ o a Q s c 3 a | o a m c m S 3
. - . - ¢ o ~ a ~ o o ~ a ~ a a a ~ a u ~ a ~ a \ o

na ¢ . -
E

r

= § = - ' i z < | - = : § : < - § § § : § : = =
> -

4 __

E ' U ° : ¢ nN

I l _ m n I l "UM O h ! ' ¢ I l h

D D o l U J U l u 1 Ho U B ! l U u

o  l l j hU n§ 5c _ l u G Us a "

. - " m . O m HH

» \4 : 1 1 1 A : n a ar
: : r : : : : : : : : x : : : x : : : : : : : : : : : s : : : :

n o
N

¢
Q
N

l
o o
u n

an
n o
N

I
o

N

41
: o o .1 o - . 1 m c a s u ¢ : > c u o o
l " i r " \ l " \ r 1 P \ l " l r H l | r N l | f 4 \ i

I

I an

e q r N r \ m r \ | f \ r | - 1 r " \ r " \ - \ r " | u \

as i
¢ q @ . | . q . q ¢ . ¢ . | 3 I 3 \ ! $ ¢l . . q r | ( |
- - o o ¢ c o c c o o &\ D r \ w

' - u " g a n a  c u u l U :

e b u - o = . . n o c u .
'  " _U HUG UUO HUI  I _U h

D B

. . - . .. ¢ . - . . .. . - . ¢ | = ... . . _ . - i . . ..
.. a G u ' :s s .

~

~co 'H

5

l a D : l _n_D__

: : _ _ : : _

HCUUU HI B . ___



33

ka r y o t y p e i a  m a r k e d l y d i f f e r e n t . T h e r e a r e a t l e a s t QD, b u ; n o  n u r :

t h a n  a s  a e t a c m t f i c c h r o u o a u l e a . T h e  m a j o r i t y  o f c e l l s c o u n t e d s h o ve d

M a  l e t a c e n t r i c l an d 2B a c r o c e n t r l c a . H o w e ve r , o n e l p e c i l e n  a p p e a r e d t o

h a ve $ 2  l e t a c e n t r i c s a n d 30 a c r o c e n t r i c l ,  \ r h i l | . 2 a n o t h e r h a d a m b a t s n -

t i a l nu m b er o f c e l l s s h o v i n g 4 : 5 - 4 : 6  m e t a c en l r i c a a n d 2 7 - 2 6  a c r a c e n t r i c a .

T h e  b e a t o v e r a l l p i c t u r e o f t h e k a r y o t y p e 1 | h h  a e t a c e n t r i c a an d 28

a c r o c e n t r i c s

The Y chrouosoue of Dipodclmys ingens can be id fn t i f i c d el

' \
t h e s n l l u t n e t n c e n t r i c ch r o n o l a m e o f th e m u l e kn t j r o t yp e , an d i s n o t

p r e se n t i n  a n y o f th e f m u l e  k a r y o t y p e a . Th e X ch ro m osom e h a s n o t b e e n

i d e n t i f i e d , b u t Ll: i s ce r  t a i n l y a m e t a c e n t r i c s i n c e ch e m a l e a n d fe m a l e

Th e se d a t aka r y o ty p e n show th e l a n e  a r r a y o l n c r o c e n t r i c ch ro m oso me s

s h o e t h e FN o f Q . l o g o n ; t o b e 1 1 0 .

The D i p o d o g g  s t e p h e n s i k n r y o t y p e . ( F i g . B)2

Yh cr e a r e 1.2 ch r o m aTh e ka r y o t v p e o f t h i s l p e c i e a i n d i s t i n c t

a m e n  w h i c h a r e  d e f i n i t e l y  m e t a c c n t r i c an d 26  w h i c h a r e c l e a r l y a e r o *

Th e r e m a i n i n g 32 ch r om o som e s h a ve a h o r z o r m i n u t e I r m ac e n t r i c

( " r l b b i t  e a r s " ) . : n d  i t i s  n h ig h ly  s ub jec t i ve  d e c i l i on  wh e th e r thev

I n t h e  l u r y o t y p c s se l e c t e d f o r i l l u nar e  l c r oc e n t r i c  o r  n e t lc e n t r i c

t r a t i o n , I h a ve c a l l d 1 8 ch r o m o so m e s  m e t l ce n t r i c I n d l e f  t th e

r e m a i n i n g 52 l s a c r o c e n t r i c a . T h i s g i v e ! a F N  o f Br. . Th e se x Ch r om a

acumen h a ve n o t b e e n i d e n t i f i e d , b u t a r e sssu n e d t o  u e t n c e n t r i c .

3 . Th e Di po da m y s h e _ c r n a m 1 1 - p a n m i n t i n u x u r y o r y p e

b a s i c " i m t y o t y p e h u M c hr om o s om es i n  a l l c n i e l  w i t h t h eTh e

p o l l i b l e  e x c e p t i o n  o f  Q . E . h e e n u n n i , w h i c h s eem s t o h l v : u  m a n y
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c e l l s w i t h 62 ch r om o som e s l s w i t h an ch r u i o l o l l e n The l e x ch ro m oso me s

, -

h a ve n o t b e e n  p o s i t i v e l y i d a n t i f l e d i n m v e l l e , b u t | 1 1 te n ta t  i v e

i d g n t i l i c a i  i o n s show them Lu b e  m e l a c e n u i c . The " b a s i c " ka r v u t y p e 1n

fu r  th e r c h a r l c t e r i z e d by h a v i n g l a m e t l c e n t r l c and 28 a c r o c e n t r i r

ch ro m oso me s g i v i n g 1| FN o f 9h The 36 metacenlr ica :sn be r ather

a r b i t r a r i l y d i v i d e d l n l o : v o g r o u p s-~ 1£ | I l r g l r r ch r u m u u o m e s! and 2?

The d i v i s i o n b e t w e e n t h e [ v o g r o u p ! i n n o t v e i l m a r k e d:mil le r onefa

Yhe 28 acr nccnir h chromosomes consist ofb u t do e s n e u : Lo b e v a l i d

22 l l r g c t o m e d i u m -si z e d  ch r o m o so m e s an d 6 sm a l l o n r a The l a r g e r

l c r m r e n t r l c n s ea l : t o d i v i d e i n t o s u b g r o u p s b u t be c a us e o f t h e c l i n a l

Cha nge i n s i z e no c n l m i s t e n t s u b g r o u p s c o u l d be n o t up

The vs r i n t l o m s f r o m t h i s " h a s 1 r " c vp e w i l l be d e s n r i h e d i n t h e

disc uss ion  nf the  kn r votvpe of eac h populati on nmnplrd

D l pc dom vs il . he e r m a nn j . g

Un i v : v o sp e f i m f m l o i t h i s im p o r  ta n t p o p u l a t i o n  w e r e ca p t u r e d and

The c h ro m os om e p r e p a r a t i o n s w e r e  u n f o r  t u n a t e l v p o o rboth were fmu lea

There sealed to be I  b lmo d l l d i s t r i b u t i o n  o f r:hr¢l!fln§ ¢ number 5 i n b o t h

Th1| un obier vtd af t er counting lhout 30 c r lla fr o!  eachspec  i l e | : u \

I n  a n  l t t n lp t t o  c l l r i f v t h e  p r o b le m, ad d i t i on a l c e ll s we rel n iml l

p h o t o g t l p h e d an d co u n t e d b u t th e r e s u l t was un ch an g e d

U l a l h l o l t e ve n l v d i v i d e d b n tu e c n Zn ' 62 an d 2:1 ' 64

The In c ount

The l s j a r i t y o f c e l l s i n b o th sp e c i m e n s sho w ed e i t h e r 36  o r 15

p l u s o n e q u e s t i o n a b l e  n e t l c e n t r i c ch r u m o su n e . so th e d i s t r e p a n c y i n Zn

m m h e r s p p u r s t o h e l n th e lu m b e r o f sc r o c e n t r l c s . The c e l l s sh o v i n g

b l c h ro m os o m es c o u l d b e i n c c l l r p l e t e k a r y o t y p s s d u e t o l o s s o f c h rc rnos c m es

i n p r e p s r s t i o n o f t h e s l i d e s s l t h o u g h I d o n o t k n o w  u h v o n l y t h i s

e
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p o p u l a t i o n  w o u l d bc so n f f e c t n d o r uh v o n l y l u n ch ro m oso me s w o u l d b e

Chronossneu could be obscued bv cell deb r h but the anne twolo l !

The l i l l l i h o o d n fquelt ionn rained above applv to t his expl lnnt ion

g e m t i c m o u a t c i sm seems to mr t o b e g x c e r d i n g l v r a m e n I s t r o n g l v

su sp e c t ch a : t h i s b i n o d s l i u r L l a n a r  t i f  a c t an d n o t |\ t r u : phe no men on

o f t h e p o p u l a t i o n , a l t h o u g h I h a ve n o n a t i n f l c t n r v s x p l l n a t i o n f o r i l

A s s nm i ng t h e d i p l o i d . num ber t o b e 614 and t h e l e ) . c h r o l o a o m e l . Lo

b e m e t n c e n t r i c Di p o d o m yl h . heeqmnmmi h a s a FN o f 96 an d a ka r v n r v p e

t v p i c n l o f t h c o t h e r t w o s u b s p e c i e s o f I ) . hee r uann i l . w h i c h I s a m p l e d

\ r | . [ h t h e e x c e p t i o n t h a n I v o o f t h e s i x n u l l . | ¢ r o c c n t r ! . c c h r c m u s r r nes o f

t h e " b l s i r " D . h e e r l z u n n i - p a n i n 1 _inu1\ k a r v o t v p e a r e l a r g e en o ug h Lo he

Thuel t h e r e a r e Ehl n f l u d e d w i t h th e 22 l a r g e to  m e d i u m ch ro rm no me n

l a r g e -m e d i u m l c r n c e l u r i c n an d i sm a l l n c r o r r n t r i c n

R ID A )Dipodunvn heer llnni nr lnac

Csu ti ( 19?l} repor  ted the kArYC|Evpe of |3ipodonYB h arenae hanni

nl 645| chromosomes with 10 moliacrnlrln and No n o n e f e m l l e t o c o ns i s t .

ac ro c ent r i r chrhgpsomea and a FN of 90

1 h l d o n e  m a l e sp e c  l n e n , an d mv i n t e r p r v t n t i o n of th e ka r v o t v p e

l h m r a 2:1 - 6¢» w i t h 3 6  l e t n c e n t r i c s an d 25 a r r o c e n t r i c n , and FN - Qtr

T h i s i n t e r p r e t a t i o n i a c o n su l t a n t w i t h th e " b u \ i c ' Di p o da m ys [ae er man ni

u a n m i n l i n u s k. | |1y r . \ t ype .

T h e  d i sc r e p a n c y b e t w e e n  C l u t i s r e su l t s an d mv r c l u l t s a r i s e s i n

th e i n t e r p r e t a t i o n o f n m l e n g t h o f th e m n l l g r ch r o m o so m e s, no-mg o f

w h i c h I c o n s i d e r r o h e  d i s t i n c t l y b l a m e d w h i l e L u u t l . d e t e r m i n e s t hem

t o b e a c r o c e n t r l c

I t 1 | my o b s t r v l t i o n th a n th e p h o t o g r a p h i c p r o c n l s m l y te n d t o
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o h l c u r e sh o r  t d i n  i n c ! m n u , b e ca u se o f 1 a | | o f r e s o l u t i o n d u e t o th e

e x t r a :  m a g n i f i c a t i o n ! u l e d . T h e r e f o r e i f h e r e l s a q u e l t l o n n b l e

T h i s i nch r om o som e , 1 p r e f e r L0 p l a c e i t l n th e m c l l c e n t r i c ca te g o r y

e sp e c i a l l y t r u e o f sm a l l ch r o m o so m e s, si n c e a sh o r  t a r m  ma ke s u p a
I

andr e l a t i v e l y g r e a t e r p r n p o r  t  l n n  o f th e t o t a l L e n g th o f th e chromognrmv

th u s i n l e n d s mo r e t o th e m e t a e n t r i c c l a s s .

An a d d i t i o n a l r e a so n fo r c r e a t i n g q u e a t i m u b l e ch ro mo so me s a n

m e t a c e n t r i c com es fr o m  m y O b s e r va t i o n o f som e s p r e a d : n f c h rm l o aa m e s

w h i c h H e r : l n l a l r p r u p h n s e o r e l r l v nu r  t nphnae an d no ha d n o t r e a c h e d

I n t h e s e l p r e a d l , Ch fm nn aam es w h i c ht h e i r max imum n a i l i n g an d d a m n i tv

m i g h t uh m . o n l v s s m a l l k n u h o n a n s c r o r e r l t r  t r c h ro u os om c o r n n l v

m i n u t e a rm s c o u l d b e s e e n Lo h a ve s ho r  t b u t d i s t i n c t s r m s h e vo n d Lhe

c c n t r o m e r e W h i l e s u c h s p r e a d s w e r e n o t s u i t a b l e f o r k a r v o t vp i d .

s n s l v s i l d u e Ln t h e c o m i l d e r l b l r c c n t n r  t i n n : n d o v e r l a p s p r e s e n t l h c v

d i d s e r v e t o d l q o n s l t r a t e t h a t q u e s t i o n a b l e c h ro m os o m es c f f  t en h s v v

d i l i i n c i a r m s h r h i c h  m v n o t be n b v i n u s s t max i m um r o l l i n g

Di p o d cm yn h e e r l a n n j . su g r  t h i s

The k a r v o c vp e o f t h i s p o p u l n t i o n f i re s t h e b a | 1 c k a r v n t v p e , \ . n h

36 r | | . LlCentr ic s 28 ac roc en tr i r a and assumin g mc llc enlr i c sex chrcmo

emmca A FN of 96

3 . 1Di po du m y a p a n a m i n t i n u s n r g u e n n l s

O n l v on e s p e c i m e n o f t h i s s uh ap ec  l ea was c a p t u r e d , an d l n S n o f  t e n

h l p p e n c d C h r o l o s a m e l f r o m t h e r a r e s p e c m e n t u r n e d o u t p o o r l v i U n i v

t w o r e a l l y s l t i s f l n t t o r y s p r e a d s w e r e f o u n d , l o I re p o r  t t h ! k a r v o t y p !

o f t h i s p o p u l n t l o n o n l v i n l t e n t a t i v e man ner
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Th e Zn  n um b e r a p p e a r s t o b e Mu, a s i n : l l o t h e r su b sp e c i e s o f

D i o d s p n n l l i n t i n u n . The : v o go o d sp r e a d s show 3 6  u e t n c e n t r i c l an d

28 a c r o c e n t r i c a w i t h | FN o f 9 6 . S o i r l e n : l x t i l f n c t o r y l p r e l d n

a p p e a r t o show 3 8  n e t n c r n t r i c s an d 26 a c r o c e n t r i c s FN - 9 8 I f F!i

th e kn r y o t y p e w o u l d b e e z ssa n t i a l l y th e s m e l a Q E . q o h a v e n i i s , b u t i f

F R  ° 98 Q . B . n r g u e n s i l  w o u l d h a ve a ka r v o t v p e mo r e l i k e Q . E

l e u c o a e n y a an d Q . E . p a n m i n t i n u s .

P r e su m a b l y th e l e : ch ro m oso me s a r e m e t a c e n t r i c

Th e 1 1 1 u s t r ; t | : d sp r e a d s n r e o f th e D i p o d o l y l P . m o h a v e n l i s w p e

. Ind f i r t h e " b ¢ m . e " g . h e e r l u n n i - p A n | l i n t . i n u a L l r v n t v p e

Di p o d o n y i p a n sn i n n i n u s cn u d a t u a . ( F i g . 1 2 )

G e o g r a p h f l ca l l v sp e a k i n g t h i s i n th e mo st i so l a t e d p o p u l a t i o n o f

I t ! ka r y o t v p e d i f f e r s a l i g h t l v f r o m a l l o t h e r su bQ . p l n l n i n t  i n u |

s p e c i e s , an d f r o m t h e " b a s i c " Q . h e e r u n n i - p a n m i n t i n u s k n r v o t v p e

T h e r e a r e bin c h ro m os o m es b u t o n l v 3 6 |  n r  t n c e n t r i c s an d 30 l c r o c e n t r l c s ,

w i t h n FN o f 9»a, as s u m i n g t h e l e x c h ro m os o m es Lo b e n r  t a c e n t r i c .

One m i l e a p p e a r e d to h a ve b u t JO  m e ta c e n t r x ca i n d 3fn l c r o c c n t r i t s

b a l e d  o n a l m i t e d num ber o f c e l l l , an d o n e f e m a l e a p p e l r o d t o h a ve 12

u e t n c c n t r i c s a n d 32 s c r o c c n t r i c a . The b e s t o v e r a l i p i c t u r e hc r wevr r

l h m n 3 h  n e t a c e n t r i c l an d 3 0  n c r o c e n t r i c n .

T h i ! d i f f e r ! f  tcn th e " b a s i c " Di p o d o m vs h e t r m l l x r u i - p l n l m i n t i n u

k n n o t y p e i n Lhe fo l l o w i n g  w a y . T h n r e a r e 113 -15 l a r g e m c t a c e n t r i c s ancl

1 9 - 2 0  m e d i a l - l l l l l l m c t n c e n t r i c s an d 2& lnr ge -1ne d1 \ . ln a c r n c c n t r i c s an d

6 n a i l a c r o c e n t r i c n . Th u s l l : a p p e a r s fu o  m e d i u m - l m l l l m e t m c e n t r i c l

n r e r e p l a ce d b f tw o l a r g e - m e d i x m a c r o c c n t r i c a . T h i s ch a n g e co u l d

e a s i l y be  s c c c r u n t e d f o r b y a p e r i c e n t r i c i n v e r s i o n .
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( F i g 13D 1p o d p l y a  p _ a n $ i n f . i n u s l e u c o n e n y s

u

Ra i n l u b l p e c i e a d i f f e r s f r o m t h e " b a s i c " h e e m a n n i - p a n l a l n t i n u s

l u r y o t y p e . I t h a s 3 8  l e t l c e n t t i c a n d o n l y 25 a c r o c e n t r i c ch r o l c n o n e n

One p a i r o f th e ve r y n a i l a c r o c e n t r i c ch ro m oso me s i s a b se n t

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

a n d n n

The: :lex ch r o m o n o l e s h a ve  n o t b e e n i d e n t i f i e d b u t a r e assum e d Lo

T h i s p a t t e r n i n e s u e n t h l l s i d e n t i c a lb e  m e t a ce n t r i c g i v i n g 1'N - QB

t o th a t o f Di p o d o l y s E p n m m i n t  i n u s

(FISDi p o do m yn p l n m i n t  i n u s n o h a ve n s i s lr.

T h i s su b sp e c i e s e x h i b i t s th e basic h e e r n l n n i - p a n m i n t i n u n

ta r vo t y p e

(ns 5Dipodomyn E p a n a n i n t  i n u a

Th e kn r y o t v p e o f t h i s su b sp e c i e s ca n n o t b e d i s t i n g u i s h e d f r o m

that of Uipoduly!  E l e o c o s t n y s
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The D1 od l cali for nic ua ksr votvpein

P e r h a p s t h e  l o u t su r p t i l i n g l u r y a t y p c i n l u b g r o u p A n f th e

he er mn nm . g r o u p i n th a t o f th e n o r  th e r n f o u r - t o a d p a p u l l t i o n n o f 9

F a sh l n g ( 1 9 7 3 ) r e p o r  ts 1. k n f v o t y p e o f 52 ch ro m oso me s a l lh e e r m n n n i

b u t fo u r o f w h i ch a r e  m e t a c e n t r i c Ply ample: uhm:  the same knrvotvpe
\

b u t I i n t e : p r e : a l l ch r om o lc l ne a an m e t a c e n t r i c n Bo ch Fa l h i n )g a and my

p i c t u r e s show sh o r t b u t d i n r i n c r l r l l o n th e fo u r ch r o m o sn m u h e I n l e t

preta n  l c r o c r n t r i c s . Thu: I Cclniider | 1 1 52 chromosomes to be meta

the FN to be 100 This knrvotvpe is cclaplelr lv  differ entce n t r  l c an d

snd in f act i n  v e r v s i mi l l r l nf r o m a l l t h e o t h e r s l n nubg rc x up A

Q . m e r r i a n i  w h i c h I s a m p l e d d u r i n g my p r e l i m i n n r v wo r k

I : is this gr e It differ ence in knrvntvpen which makes l l ( le nt ts

me t h a t t h e f o u r - t o e d . p o p u l a t i o n s o f D i p od om y s h i e r l l l n n i s h o u l d he g i v e n

f u l l sp f  c l f l t d i s t i n c t i o n f r o m th e so u t h e r n f i v e - r e e d fo r m s and : h u n

be knmrn as D. cali f  c rni c un Mer r i am

Q. g. cali for n icus s

Th e '| ch ro m osom e u l t h i s p o p u l a t i o n ca n b e d e u l v i d e n t i f i e d nu

t h e l m n l i e l l t ch rumc l s c l ne i n t h t n l l e k a r v o t v p e . T h i s c h rom os om e 11 nn (

r e p r e se n t e d Ln th e fe m l l e k . | r v o t \ r p ¢ . The X ch r c i o l n m e i n n o t p o l u i t l v e l v

i d e n t i f i e d . b u t o b v i o u s l y 1 | m c t a c e n t r i r .

Q. 5. s u a t i l i s s

Th e k. lr 1r c\ type o f t h i s p o p u l a t i o n 1 | i n d i s t i n g u i s h a b l e f r o m th a t

Q. g. c ll  i f  orn i c ulo f
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m sc u ss t m z

The r e su l t s o f e l e c t r o p h o r e s i s an d ka r vn l o g y show r a t h e r go o d

c o r r e l a t i o n i n m o s t c a n a l . O f t h e Lu o  l e t h c s d s I c o n s i d e r t h e k a r v n

l o g i c a l d a t a t o b r  m o r e a i g n i f i c a n i s i m ¢ 1 : i n l e a n s u b 1 e c l t o

0

Fo r exa implcq u n l i t l t i v e  v a r i a t i o n s t h a n t h e r l e c t r o p h o r e n i n r e s u l t s

th e p r e se n ce o f ba nd 1 i n Di p o dm n vs p a n a n i n t i n c i u d a t u g f e a u i t e d I n

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

fa) i n c l u d i n g o t h e r s u b s p e c i e s o f D B l n a m i l i t i n u g t h a n t h e d i n( F i g

tanc r  hetwr fn Q C l l i f o r n i c u s  a n d  ~ itephensi  GT 1J. i.n&enn Uhi i h : ar f

r r ll l nl y  muc h mor e dl»r.ant.1\ r e la te d to one annlhef tha n a re the

su b n p e c l e s o f p p a n a m i n t i n u s T h r e i e c t r n p h o f l m i n d a t a d n c o n t f i h u l o

w h i c h i n n a m b i n a t i o n  w i t h k . | r v0 1 r= p \ \ o n L t i h u { euseful informat ion

t o dr  te r m i n in f r . r e l a t l o n n h i p a i n su b g r o u p A of th e h e e r q n n n i g r o u p o l

Di podom whs .

e r e c a n b e l i t t l e d o u b t ab o u t t h e s p e n i f i c l t s l u a u f D c a

l l a k a n r c a t vp e an d i t s s c rn m p a t t e r n a | : r a\U\ r e m a r k n b l vo r n i c u l

The r u n s s m p l e d |\ .s hspc; 1 .es a r e es ra rns t i n c t (F i g l 5

Thet i a l l v i d e n t i c a l i n k l r v n t v p e and .a re c l o n e i n s e r um p a t t e r n

n i m i l a r i t v o f t h e k l r v o t v p c n o f t h i s s p e c i e s and ~ m c r r i l l l i r a i s e t h e

q u e s t i o n as t o w h e t h e r o r n o t i l b e l n n 3 6 i n t h e h e e r m a n n l g r o u p a t a l l

D l p od om y s Q . h e e r n n n n i . l p p e l r s t o  a p p r o a c h Q . g l i f o r n i c u a i n

sc u m p a t t e r n ( F l g l . 5 , b l b u t i s d i e t i n c t l v d i f f e r e n t i n i t s

c h r c m o a c m a l c a m p l n n e n t ( I " i g | . 9 1 6 I T )

\

The :v u  m c n o ty p i c l p e c  l e s , Di p o do m ya st e p h e a s i an d Q . i n g e n n

ar e dist inct from each other on the basin of karvotyfpe (Figs. F, S)

60
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a n d  o f se r u l  p a t t e r n ( F i g s . '5_ 6 ) . The p o s i t i o n  o f th e se p o p u l a t i o n s

i n th e e l e c t r o p h e r o g r m b r a c k e t s Q . p a n l l i n t i n u s  m o h sv e n s i a w h i ch

ma ke s i t te m p t i n g t o l p e c u l s t e t h a t th e y a r e i s o i s t e s o f th e  Q .

h e e r m a n n i -p a n m l i n t i n u s co m p l e x . Hn w e ve r th e ch r o m oso m a l rv1. den ¢.¢

d o e s n o t s u pp o r  t t h i s i d e a n o r d o e s g r o s s m o r p h o l o i g l u i l

d a t a

The Di p o d cn ya h e e r m a n n i - p a n a m i n l i n u s g r o u p show some i n t e r e s t i n g

r e l a t i o n sh i p s . My r e su l t s su g g e st th a t t h i s g r o u p may b e a s i n g l e

h l g h l y v a r i a b l e sp e c i e s o r a c l u s t e r o f se v e r a l c l m l e l y r e l a t e d ap e a i e i l

f i r m i n g P ' La vr ' | d e f i n i t i o n o f a a u p e r a p e c i c a ( H a y r , 19 63 19 6 9 )

The D i p o d o l y l  R . p a n l m i n t i n u n an d Q . B . l e u c o g e n y s p a i r sham s

c l o se r e l a t i o n sh i p i n b o t h e l e c t r o p h o r e t i c an d k n r y u l o g i c a l d a t a

12 15) . Ind also in geogr aphical data (Fig. 13(Figs. 5

Di p o d o m yi p a u x m i n t i n u n u o h a v e n si s : n d D. h e e r m n n n i s n r  t h i h a ve

s i m i l a r o r i d e n t i c a l ch r a m o so m sl co m p l e m e n ts ( F i g s 11 l a x an d a r e

s i m i l a r i n e l e c t r o p h o r e t i c p a t t e r n s ( F i g n . S 6 ) Fur thzr nt udv nf

t h e i e p o p u l a t i o n s an d o t h e r n u b l p e c l c i o f 13. h e cr m a n n i n o t in n  lu d e d i n

t h i s st u d y l h o u l d p r o v e ex m l i g h te n i n g co n c e r n i n g th a l t l t u . 1 o f Q

D l n m i n t i n u l an d D. h e e r m a n n i

Di p o do m ya p a n m i n t i n u l ca u d a t u s i n r e m o te l y r e l a t e d w hen ju d g e d

b v t h e e l e c t r o p h o r e t i c r e s u l t s (F 1s U an d t h e c h ro m o s o m a l s n a l y l i n

i n d i c a t e s t h a t t h i ! p o p u l a t i o n 1 | l o m e u h a t d i f f e r e n t f r o m o t h e r m m b e r s

o f t h e g r o u p { I* 1s 1 2 ) . The s e d a t a r a i s e 1 q u e s t i o n l b o u l i t h e n p e c i f i c

s t a t u s o f Q . B . c n u d n t u z , a n d f u r  t h e r i n v e s t i g a t i o n  m v s how t h a t

c o l p l e t e s p e c i a t i o n t u s o c c u r r e d .
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Di p o d o l v s h e l n u m i | r e r u ¢ l h m n  a c h r o s o z d i l co n p l a l e n t s i m i l a r

E . n n c h i a n d  Q . p a n n i n t i n u s  I o h l v e n a i l ( F i g s . 10A , 1 1 l a )L O D

b u t i t s  p c l i t i c m  a n th e e l e c t r o p h a r c g r a n i n F i g . 5 1 | c l o se t o  Q H

p n n mi n t i n u l  md  Q.  E . leuc oaenys. The c hromaaonal dl ta  a r e mo r e re -

l i a h i n t h i a g r o u p , s i n c e o n l y t h r e e sp e c i m e n s  w e r e a v a i l a b l e f o r

e l e c t r o p h o r e t i c a n a l y s i l w h i l e th e chroaacxaonee w e r e ind ep en de nt  1>'

s t u d i e d bv C su c i { 19 .f1}

D i p o d m y s h . h e e r m a n n i i n h l r d t o c h a r a c t e r i z e . T h e r e w e r e o n l y

tw o i n d i v i d u a l s n v a i l l b l t f o r s t u d y , an d b o th ch r o m o so m a l an d e l e c t r o -

p h o r e t i c d a t a h a ve  p r o ve d i n c o n c l u s i v e .

Di p q d yg p a n l l i n t i n u s a r g u e u s i a | r a r e fo r m w as r e p r e se n t e d b \

o n l y o n e i n d i v i d u a l . Th e ch r o so u o sc p r e p a r a t i o n s w e r e p o o r I n d show

o n l y th a t t h i s p o p u l a t i o n i n c o n s i s t e n t w i t h o t h e r s l n th e Q . h c e n a u n i

Nc u se a b l e a l e c t r o p h e r o g r m s w e r e o b t a i n e dp a n a n i n t  i n n s co m pl e x

M l a r e su l t o f th e d a u p r e se n t e d i n t h i s p a p e r I h a ve a r r a n g e d

th e sp e c i e s n f th e h e e r m a n n i su b g r o u p A o f th e  g e n u s Di p o do m ys i n th e

fo l l o w i n g  m a n n e r , b e g i n n i n g  w i t h th o se o f h i g h e s t chr om ouo me num ber

I have not includeda n d p r o c e e d i n g t o t h o s e w i t h t h e l o w e s t nu m b er

E r l v i p e l i n t h i s l i s t s i n c e I h a ve n o d a u o n :h i m sp e c i e sE
S u b sp l c i e l a r e l i s t e d a l p h a b e t i c a l l y , e x ce p t i n  Q . p l n m i n t i n u n  w h e r e

Ehlr c  ar e Lh ree  di f f ere nt.  gro up:  of  kar y otvp es repr esen ted Syn on ymi e n

s: r c  g i v e n f o r  Q . u t e p h e n n i I n d Q . c n l i f o r n i c u n . A l l o t h e r syn o n ym i e s

a r e  p r e se n t e d i n I1111 a n d Ke l so n 19 5 9 .
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mmm n m m ( He r r i mm 19"°"1

D i p o d o n y l s t e p h e r u i ( M e r r i a m , IQ O T)

Synonym: Q. cancun Huev. 1962

Dtp o dcm ya h c e r n a n n i Le Co n t e 13 53

Ip . a r e n l e : Bn u 1u a r e 19 43

Q . E . b e r k e l e y : n s i l G r i n n e l l 1919

D. h . d i x o n i G r i n n e l l 19 19

goldmaui (Her r  im 190Hg h
Q . h . he e r m n nn j . L e C o n t e 1853

D. Q. paln nen sin  Gr inn ell ].Q1Q

D. h . m o r r o e n l g (M e r r i a m N 0 7 1

Q . l u a r z h i L . r i n n e l 1 I

D. 5 Lularensin Ourriam. 1901.1

D l p o d o m vl D a n a m i n t i n u a ( N e r r i m 1s9=.>

p p. gohlvcnniu (Gr innell 1918)

Q . Q . a r g u e n s i s Hu e v , 19245
l l

D.  E. lcucogczwa (Gr in ne ll 1919]

p 2 . p l n m i n c i n u O i e r r i m 1 8 % )

Q.  2 u u d a t u i  Ha l l l9é»6

Dipodcmyl cllifor nicul Mer r iam 1890

Q . 5 . c a l i f o r n i c u s H e r r i m 18 90

Svnonymn. p. 2 . pal li du lus  B an gs 1899

9 . 5 . t r i n i t a t u l L . t e l l n s s . 19 16

Q . he ez i nn un i c n l i i o r n i c u a H e r r  l a n 1 3 9 0 : G r i n n e l l 19 2 1

Q . Q . g a b r i e l s o n i G o l d m a n 19 25
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uimiul Gr  innell , 1919E - i
Gr innell. , 1921h¢¢r *l . |. :m 1 u i n i u l G r i n n e l l , 19 19SQ;nomrl 1 _Q

sa xa t i li s Gr in ne ll and Linndale, 1929E ¢

h¢e:n\.|: m i  . g . 5 |  Gr i n n e l l and Lin ndgle, N2 9Svncmym: D
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An I r e su l t o f t h i s s t u d y I h l v e a r r i v e d a t th e f o l l o w i n g

co m :  l u si o n sl

1 . Th e n o r  t h e r n f o u r - t o e d p o p u l a t i o n s o f Di p o d o l v a h e e r m a n n i

r e p r e se n t a d i s t i n c t l p e c i e s  o f ka n g a r o o r a t a  w h i c h sh o u l d  b e kn ow n a s

Di p o d o l y s c a l i f o r n i c a :  H e r r i n . T h i s a p e c l e a i n c l u d e th e f o l l o w i n g

p o p u l a t i o n s :

Q.  5 . c l l i f o r n i c u a  He r r i n , 1390
`_

Q . 5 . e x i l i u s  G r i n n e l l 19 19

Q.  5 . ll xn t il i l G r in ne ll  an d  L ina d nle 1929

The posit ion of Dipodvmys califor nica: in the heermarmi group should be

reevsluated Bo th u r y o t y p i c an d some m o r p h o l o g i ca l d a t a n u g g e st a

(Compare Fashing 1923. ): i n n e r  r e l a t i o n lh i p  wi t h  Q.  me r r i mi

2 Di p o d o n va s t e p h e n s i i s a d i s t i n c t , w e l l d i f f e r e n t i a t e d sp e c i e s

an d i s n o t i m l e d i a t e l y r e l a t e d t o  Q . h e n r m l n n i o r Q . p s n m i n t i n u l n ha s

b e e n s u g g e s t e d b y s e v e r a l l u t h a r l .

I
3 . Th e l p e c i f i c s t n t u n o f D i p o d o u y l h e e n u n n i a n d  Q . p l n m i n t i n u n

m e r i t s f u r  t h e r i n v e s t i g a t i o n , s i n c e t h e ad j a c ez n t l y . l l l o p n t r i c a u b i p c c i c n

o f b o t h l p e c i e s s how c l o s e s i m i l a r i t y i n k a r y o q r p e s a d i n p o s i t i o n i n

t h e e l e c t r o p h e r o g r m .
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AB STRACI

This study invest igates the Laxonomic ltatun of luembers of the

h e e r m u sn i su b g r o u p o f th e ge n u s Di p o do m ya l

K l r v o t y p e i w e r e p r e p a r e d f o r 12 p o p u l a t i o n s o f t h i s su b g r o u p

u s i n g i n v i v o c u l t u r e s o f bo n e ma r ro w p r e p a r e d bv a  m o d i f i e d c o l c h i c i n e

h y p o t o n i c c i t r a t e  m e t h o d . The En r a n g e ! f r o m '12 - ? 2 .

E l e c t r o p h e r c g r m s h r e f ! p r e p a r e d f o r 11 p o p u l a t i o n s , an d d a t a

d e r i v e d f r c m t h e t r l c l n g n w e r e s u b j e c t e d t o n t e p u i l e d l s c r i n i n a n t

f u n c t i o n  a z u l v s l s , r e s u l t i n g i n s c  l t t e r g r s m s w h i c h we r e us e d t o i n d i c l t e

c l o s e n e s s o f r e l n t l o n n h l p b e t w e e n p o p u l a t i o n s

1.)  Di od | atephensi (Herrmml andT h e se d a t a show L h n :

Dipodomvs ingcns (Merriam) are vm11 defined species yith 2n - To for

i
Q. ltephens and 2:1 - Tl '  fo r  ~ lnseml

b \ th e p o p u l l i i n n n kno w n a s Di p o do m vs

h e e r m a n n i co m p r i se tw o sp e c i e s - - t h e so u t h e r n l i v e - t o e d fo r m s f2n e m

Le Co n t e an d t h e n n r  t h e r n f o u r - l o r dw h i ch r e t a i n th e rmme D h e e r m a n i i

f o r m s (211 - 52 ) \ f h i c h La k e t h e nam e D i p o d o n y l c n j f o g g i c u g M e r r i a m

c ) th e 5 su b sp e c i e s o f Di p o du m vs

p a n l m i n t i n u n ( H e r r i a m ) ( 2 n ' 6fe) 11 1 1 i n t o t h r e e g r o u p s s h o w i n g s m a l l

d i f f e r e n c e s i n k a r v o t y p e an d s i g n i f i c a n t d i f f e r e n c e : i n s e ru m p a t t e r n s

Q . p l n l m i n t i n u s u o h n v e n a i x ( G r i n n e l l ) 1 | v e r v c l o n e i y r e l a t e d i n Q .

he e z;u a :m i an d i n f ac t many b e n o n sp e c i f i c w i t h i t Th e e n t i r e D

h e e r n u n n i - p n u g n i n t i n u n co m pl e x a p p e a r s no f a rm .l e i u p g r sp e c i e n
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