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p r o a c h i n g  a sub t e locen t r i c  c e n t r o m e r e  p l a c e m e n t .  The  
s u b m e t a c e n t r i c  Z is smal le r  t h a n  t h e  3rd l a rges t  pa i r  of 
au tosomes ,  a n d  t h e  W is sma l l e r  t h a n  t h e  Z a n d  sub te -  
locentr ic .  10 pa i r s  are  in  t h e  m i c r o c h r o m o s o m e  size 
range .  

Discussion. The  ava i l ab l e  d a t a  on  snake  c h r o m o s o m e s  
were  r ev iewed  b y  BLEAK a n d  BECAK 1, a n d  t h e y  found  a 
k a r y o t y p e  w i t h  a 2 N  = 36 (wi th  8 pa i r s  m a c r o  a n d  10 
pa i r s  of mic ro  e l ement s )  in  t h e  fami l ies  Boidae ,  Colubr idae ,  
a n d  Crota l idae .  Such  a k a r y o t y p e  was  p r o b a b l y  cha rac -  
t e r i s t i c  of t h e  p r i m i t i v e  l ine of snakes  t h a t  gave  rise to  t he  
3 famil ies .  

A l t h o u g h  m o s t  Co lubr ids  h a v e  a d ip lo id  n u m b e r  of 361, 
v a r i a t i o n  w i t h i n  t h e  f a m i l y  in  d ip lo id  n u m b e r  r a n g e s  f rom 
50 in  Clelia ~ to  24 in Hydrodynastes s. Most  of t h i s  v a r i a t i o n  
is a c c o u n t e d  for  b y  r e d u c t i o n  of t he  n u m b e r  of mic rochro -  
mosomes  1. 

I n  F igures  1 -3  t h e  k a r y o t y p e s  of Elaphe subocularis, E. 
guttata, a n d  Crotalus molossus are  shown.  Ar rows  indi-  
ca te  changes  necessa ry  to  de r ive  one  k a r y o t y p e  f rom an-  
o ther .  A l t h o u g h  t h e  d i r ec t ion  of t h e  c h a n g e  b e t w e e n  t h e  
k a r y o t y p e s  of E. guttata a n d  Crotalus molossus is open  to  
ques t ion ,  i t  is p r o b a b l e  t h a t  t h e  2 N  ~ 36 k a r y o t y p e  is 
p r i m i t i v e  a n d  t h e  increase  in d ip lo id  n u m b e r  to  40 was due  
to  2 cen t r i c  f iss ions in  m a c r o c h r o m o s o m e s .  F u r t h e r  changes  
b e t w e e n  t h e  two  Elaphe k a r y o t y p e s  can  be  e x p l a i n e d  b y  3 
pe r i cen t r i c  invers ions .  F r o m  a gross morpho log ica l  bas i s  
o n l y  1 pe r i cen t r i c  i n v e r s i o n  is r equ i r ed  to  exp la in  t h e  dif-  
ferences  b e t w e e n  t h e  a u t o s o m e s  of E. guttata, E. obsoleta, 
a n d  Crotalus molossus. A s imi l a r  k a r y o t y p e  is cha rac t e r i s t i c  
of m a n y  o t h e r  Co lubr ids  a n d  Cro ta l ids l ,  *. 

A l t h o u g h  cen t r i c  f iss ions  a re  n o t  f r e q u e n t l y  r e p o r t e d  as  
a m e c h a n i s m  of c h r o m o s o m a l  e v o l u t i o n  in  v e r t e b r a t e s ,  
such  seems to  be  t h e  m o s t  p l aus ib l e  m e c h a n i s m  in th i s  
case. I n  m o s t  species of snakes  s tud ied  b y  BLEAK et  al. x-8 
a n d  b y  us, t h e  4 th  l a rges t  pa i r  is t h e  sex  ch romosomes .  I n  
E. subocularis t h e  Z W  p a i r  is t h e  3rd l a rges t  in  size. A cen- 
t r ic  f ission in  t h e  3rd l a rges t  pa i r  of a u t o s o m e s  r e su l t i ng  

in 2 sma l l e r  ac rocen t r i c  pa i r s  would  exp l a in  t h i s  c h a n g e  in 
r e l a t i ve  size. I n  v iew of t h e  genera l ly  c o n s e r v a t i v e  n a t u r e  
of c h r o m o s o m a l  v a r i a t i o n  in  snakes,  t h e  degree  of ch romo-  
s o m a l  d ive rgence  b e t w e e n  Elapke subocularis a n d  t h e  o t h e r  
two  species  of Elaphe is e x t r a o r d i n a r y .  

The  genus  Elaphe is complex ,  a n d  i t  is poss ib le  t h a t  
c h r o m o s o m e  m o r p h o l o g y  m a y  be  a useful  p h y l o g e n e t i c  
i n d i c a t o r  w i t h i n  t h e  genus .  However ,  of t h e  o t h e r  species  
of t h e  genus  t h a t  h a v e  b e e n  s t u d i e d  b y  o t h e r  worke r s  (E. 
carinata ~, E. climacophora s, E. longissima s, E. obsoleta ~, 
E. quadrivirgataS), all  h a v e  h a d  diploid  n u m b e r s  of 36. 

All  v o u c h e r  spec imens  are  depos i t ed  in t h e  Collect ion of 
A m p h i b i a n s  a n d  Rept i les ,  D e p a r t m e n t  of Biology,  T e x a s  
Tech  U n i v e r s i t y .  

Zusammen/assung. 34 von  35 S c h l a n g e n a r t e n ,  die bei  uns" 
gepr i i f t  wu rden ,  h a b e n  eine doppe l t e  N u m m e r  36. N u r  
e ine Ar t ,  Elaphe subocularis, h a t  e ine  d o p p e t t e  N u m m e r  
40. Die  C h r o m o s o m e n  yon  E. subocularis, E. obsoleta, E. 
guttata, u n d  Crotalus molossus s ind  beschr ieben ,  u n d  m6g-  
l iche E v o l u t i o n s v e r A n d e r u n g e n  s ind  a n g e n o m m e n .  Alle 
v ie r  A r t e n  h a b e n  ein ZZ/ZW-Geschlechtschromosomen- 
sys tem.  K a r y o t y p i s c h e  Glasp lAt t chen  w u r d e n  d u r c h  e ine  
in v ivo  T e c h n i k  herges te l l t ,  die  in a l len  E i n z e l h e i t e n  be-  
s ch r i eben  ist.  
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S h o c k  E f f e c t s  o n  S o m e  Cryptogamic Plants 

Shock  s t imu l i  a re  k n o w n  t o  i n h i b i t  g r o w t h  in  h i g h e r  
p l a n t s  ~-3. Microchemica l  changes  were also obse rved  in 
l ichens*,  a n d  i nduced  t rop ic  responses  a f t e r  shock  t r e a t -  
m e n t  were h a s t e n e d  in  eug lenas  5. T h e  p r e s e n t  p a p e r  re- 
p o r t s  o n  f u r t h e r  cy to logica l  s tud ies  on  o t h e r  c r y p t o g a m s .  

Materials and methods. L i g h t  mic roscopy  was  used for  
all  o b s e r v a t i o n s  on  l iv ing  mate r ia l s .  A n  a i r  loader ,  pre-  
v ious ly  desc r ibed  ~, was  used for  deve lop ing  shock  pres-  
sures.  Un ia lga l  cu l tu re s  were  m a i n t i n e d  in  n u t r i e n t  solu- 
t i on  indoors  n e a r  a n o r t h w e s t  window.  Severa l  Spirogyra 
species, Chlamydomonas reinhardii, Euglena gracilis, 
Closterium sp. a n d  Cosmarium sp. were  s u b j e c t e d  to  shock  
p ressures  f r o m  10 to  75 ~a d e p e n d i n g  on  t h e  alga. T he  al-  
gae  were  s u s p e n d e d  in  n u t r i e n t  so lu t ion  d u r i n g  shock  t r e a t -  
m e n t .  Spore  caps  f rom a c o m m o n  moss,  Polytrichum sp. 
were s ter i l ized  in  25% e t h y l  alcohol,  t h e n  p u n c t u r e d  to  re-  
lease t h e  spores.  T h e  spores  were  c u l t u r e d  on  a n  en r i ched  
aga r  m e d i u m  6 u n d e r  a g ro- lux  f luo rescen t  t u b e  for  a 12-h 
l i gh t  pe r iod  a t  a m b i e n t  r o o m  t e m p e r a t u r e .  2 cu l t u r e s  of 
d i f fe ren t  ages  (12 d a y  a n d  40 d a y  p r o t o n e m a t a )  were  
shocked  a t  60 ~ for  a b o u t  6 sec d u r a t i o n .  B o t h  were 
shocked  w i t h i n  10 m i n  of e a c h  o t h e r  to  c r imina te  a n y  
c o m p l i c a t i o n s  f r o m  d i u r n a l  r h y t h m s  7. P r o t o n e m a t a  were  
t eased  off t h e  a g a r  o n t o  s l ides  5 -60  m i n  a f t e r  shock.  T h e  

microscopic  image  was p ro j ec t ed  o n t o  a d r a w i n g  b o a r d  to  
fac i l i t a t e  a ccu ra t e  d r awings  of t he  cell wal l  angles.  The  
angles  were  m e a s u r e d  b y  a p ro t r ac to r .  Pos t - shock  s tud ies  
were  n o t  a t t e m p t e d  because  t h e  cu l tu re s  were  exposed  t o  
t h e  a t m o s h e r e  d u r i n g  shock  t r e a t m e n t s  a n d  t h e  c u l t u r e s  
were  too  old  to  subcu l tu re .  F u n g u s  c o n t a m i n a t i o n  ensues  
s h o r t l y  a f t e r  such  exposure .  

F e r n  f ronds  b e a r i n g  s p o r a n g i a  f rom Polypodium poly- 
¢arpa a n d  a m a t u r e  s t rob i lu s  f rom Equisetum arvensis were  
c u t  in  half .  H a l f  of t h e  s p o r e b e a r i n g  s t r u c t u r e s  s e rved  as  
controls ,  whe reas  t h e  o t h e r  ha l f  was  shocked  a t  60 ~ w i t h  
a p ressure  d u r a t i o n  of 4 -6  sec. Spores  were  col lec ted  over-  
n i g h t  o n  p a p e r  t h e n  sp r ink l ed  on  a n  en r i ched  aga r  me-  
d i u m  e a n d  c u l t u r e d  s imi la r ly  as  t h e  moss  spores.  P r io r  to  
shock  t r e a t m e n t  t he  s t rob i lu s  was  p l aced  in a 35°C o v e n  
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Table I. Mean values and standard errors for the acute angles 
between cell walls of moss protonemata. Results of the t-test for 
special comparisons are indicated 

Culture Control 60 to Group P 
age compared 

12 day 80.79 4- 1.49 80.16 -4- 1.54 C-60 12 day 0.8 
40 day 79.05 4- 1.61 75.42 4- 1.73 C-60 40 day 0.2 
Group eom- C-C 60-60 
pared 
P 0.5 0.05 

Table II. Gametophyte measurements (mm) of Equisetum amensis 
14 days after shock treatment 

Control 60 to t P 

Length 0.16 0.62 20.64 0.001 
Width 0.16 0.24 6.20 0.001 

Table tII.  Gametophyte measurements (ram} of Polypodium poly- 
carpa at several post-shock periods 

Control 60 ~o t P 

Rhizoid length 0.07 0.12 6.20 0.001 
Gametophyte, 23 L 0.24 0.27 2.06 0.06 
Days post-shock W 0.09 0.10 1.34 N.S. 
Gametophyte, 30 L 0.35 0.36 1 N.S. 
Days post-shock W 0.16 0.17 1 N.S. 

to  h a s t e n  s p o r a n g i a  dehiscence .  Loose spores  were  d iscar-  
ded.  F r e q u e n t  s u b c u l t u r e s  were  m a d e  t o  p r e v e n t  c r o w d i n g  
a n d  to  r educe  funga l  c o n t a m i n a t i o n .  G a m e t o p h y t e  mea -  
s u r e m e n t s  were  m a d e  w i t h  a f i lar  m i c r o m e t e r  microscope  
a t t a c h m e n t .  

Results and discussion. Algae.  Species of Spirogyra con-  
t a i n i n g  1 ch lo rop la s t  were  sens i t ive  to  low levels  of shock  
(10-20 to), whe reas  species w i t h  2 ch lo rop la s t s  sp i ra l led  in 
oppos i te  d i r ec t ions  were  a p p a r e n t l y  r e s i s t a n t  to  low shock  
pressures .  I n  t h e  sens i t ive  k i n d  t h e  nuc leus  b e c a m e  acen-  
t r i c  i m m e d i a t e l y  a f t e r  shock  a n d  t h e  c e n t r a l  c y t o p l a s m i c  
s t r a n d s  r eceded  to  t h e  pe r iphe ry .  C y t op l a s m i c  s t r e a m i n g  
d i m i n i s h e d  i m m e d i a t e l y  a f t e r  shock  a n d  was  con f ined  to  
t h e  p e r i p h e r y  of t h e  cells. Cells a p p e a r e d  more  n o r m a l  in  
t he se  respec t s  a b o u t  3 weeks  a f t e r  shock.  I n  t hose  c u l t u r e s  
w h i c h  were  con juga t ing ,  shocked  f i l a m e n t s  b e g a n  a b o u t  
1 week  sooner,  a n d  t h e  c o n j u g a t i o n  t u b e s  were  a b o u t  11/2 
t i m e s  longer  t h a n  no rma l ,  i n d i c a t i n g  sof te r  cell  wal ls  a f t e r  
shock.  

Euglena e n c y s t e d  i m m e d i a t e l y  a f t e r  a shock  of 20 ~p, 
r e m a i n i n g  t h a t  w a y  for  a t  leas t  a day ,  a l t h o u g h  some were  
s t i l l  e n c y s t e d  72 h a f t e r  shock.  Th i s  b e h a v i o r  is t y p i c a l  
u n d e r  u n f a v o r a b l e  e n v i r o n m e n t a l  c o n d i t i o n s  s. O n l y  u n d e r  
c o n d i t i o n s  of i n t e n s e  l i gh t  or  h e a t  ( f rom t h e  l ight )  d i d  t h e  
eug lenas  d i sp l ay  a n e g a t i v e  t rop i sm,  s t r e t c h i n g  o u t  i n to  
t h e i r  r egu l a r  p e a r - s h a p e d  fo rms  a n d  s w i m  a w a y  s. 

Closterium sp. also  showed  signs of b e c o m i n g  d o r m a n t  
a f t e r  a 20 to shock  in  t h a t  t h e  p y r e n o i d s  d i s a p p e a r e d  w i t h i n  
24 h (mos t ly  w i t h i n  1 h) a f t e r  shock.  Accord ing  to  Luw- 

MAN ~ t h e  d i s a p p e a r a n c e  of t h e  p y r e n o i d s  is cha r ac t e r i s t i c  
of t h e  t i m e  of spore  fo rma t ion .  Also, t h e  cell wal l  was  more  
sens i t i ve  t h a n  n o r m a l  to  cove r  s l ip  pressure ,  r u p t u r e  al-  
ways  occur ing  a t  t h e  i s t h m u s  of t h e  desmid .  T h i s  wou ld  
p e r h a p s  i nd i ca t e  a n  inc reased  t u r g o r  in  t h e  cells. 

N e i t h e r  Chlamydomonas, shocked  a t  75 to, n o r  Cosma- 
rium, a t  20 to, r e s p o n d e d  t o  shock  t r e a t m e n t .  B o t h  a re  
s o m e w h a t  spher i ca l  cells so t h a t  less a rea  was  exposed  t o  
shock.  

Moss. A u n i q u e  f ea tu re  of moss  p r o t o n e m a t a  is t he  fre- 
q u e n t  occur rence  of ob l ique  cell walls.  Since l ign in  is 
k n o w n  to  be  a b s e n t  in  mosses,  t h e  cell wal ls  a lways  r e m a i n  
p las t i c  x0. Therefore ,  p ressures  on  t h e  cells m i g h t  d isp lace  
t h e  cel l  wal l  t o  some degree  b y  a p p a r e n t  changes  in cell 
tu rgor .  The  o b s e r v a t i o n s  i nd i ca t e  t h a t  whi le  wal l  ob l ique-  
ness  is n o t  c h a n g e d  w i t h  age, shock  s e n s i t i v i t y  is a func-  
t i o n  of cu l t u r e  age, a f f ec t ing  o lder  p r o t o n e m a t a  (Tab le  I) .  
T h e  dec reased  wal l  ang le  i nd i ca t e s  a decrease  in  cell t u rgo t .  

Equisetum g a m e t o p h y t e  d e v e l o p m e n t .  G a m e t o p h y t e s  
h a d  u n d e r g o n e  2 d iv i s ions  b y  t h e  6 th  d a y  a n d  were  mul -  
t i ce l lu la r  b y  t h e  14 th  day .  A t  t h i s  t i m e  g a m e t o p h y t e s  f rom 
shocked  spores  were 4 t i m e s  longer  a n d  11]2 t i m e s  w ide r  
t h a n  t h e  cont ro ls ,  a s ign i f i can t  d i f ference  a t  t h e  0 .001% 
level  (Table  I I ) .  Also, a t  t h i s  t i m e  p h o t o s y n t h e t i c  lobes 
were  obse rved  in  t h e  shock  g roup  a n d  6 days  l a t e r  in  t h e  
controls .  T h e  n u t r i e n t  m e d i u m  was  n o t  a d e q u a t e  to  sup-  
p o r t  f u r t h e r  g r o w t h  of these  p l an t s ,  as  p l a n t s  in  b o t h  cul-  
t u r e s  h a d  d ied  b y  t h e  34 th  d a y  e v e n  t h o u g h  t h e  m e d i u m  
was  n o t  d r i ed  ou t .  

F e r n  g a m e t o p h y t e  d e v e l o p m e n t .  A l t h o u g h  spore  ger-  
m i n a t i o n  was  r e t a r d e d  in  t h e  shocked  cu l ture ,  b y  t h e  8 th  
d a y  t h e  rh izo ids  of t h e  shocked  spores  were  s ign i f i can t ly  
longer  t h a n  t h e  con t ro l s  (Tab le  I I I ) .  Since t h e r e  were  no  
cross-wal ls  in  t h e  rh izoids ,  t h e  inc reased  l e n g t h  was  due  to  
e x t e n s i o n  of t h e  cell wall .  T h e  g a m e t o p h y t e s  in  t h e  shocked  
g roup  were s ign i f i can t ly  longer  t h a n  t h e  con t ro l s  for  t h e  
f i r s t  few weeks,  whereas  t h e  w i d t h  was  s imi la r  for  b o t h  
g roups  (Tab le  I I I ) .  B y  t h e  3 5 t h  d a y  t h e  g a m e t o p h y t e s  of 
b o t h  g roups  were s imi l a r  in  size a n d  h a d  deve loped  i n to  
t h e  f a m i l i a r  h e a r t - s h a p e d  p ro tha l l i .  A b o u t  6 weeks  l a t e r  
spo rogenous  t i s sue  deve loped  in  b o t h  groups .  

Shock  a p p a r e n t l y  h a s  a n  ef fec t  on  cell  wal l  p l a s t i c i t y  
a n d  tu rgor .  F u r t h e r ,  s h o c k  s t imu l i  a p p e a r  to  h a s t e n  spore-  
f o rming  a n d  d o r m a n t  cond i t ions  w i t h i n  t h e  ind iv idua l s .  
And,  f inal ly,  s ens i t ive  o rgan i sms  a p p a r e n t l y  recover  f rom 
low shock  s t imul i .  T h e  cell shape  m i g h t  h a v e  some b e a r i n g  
on  shock  sens i t iv i ty ,  where  spher i ca l  un ice l lu la r  o rgan i sms  
are  a p p a r e n t l y  r e s i s t a n t  to  shock  s t imu l i  to  75 to. 

Rdsumd. L a  tu rgescence  de  la  cel lule e t  la p las t i c i t6  de 
sa pa ro i  s u b i s s e n t  des  c h a n g e m e n t s  aprons le choc ;  la  con-  
d i t i o n  de  l a t ence  e t  la  sporog6n~se s o n t  acc616r6es. Les  or- 
g a n i s m s  bless6s r6g6n~rent .  I1 se p e u t  que  la  forme,  de  la  
cel lule d 6 t e r m i n e  la  sens ib i l i t6  ~ la  p ress ion  du  choc.  
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