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Corre la t ions  of th i s  type,  i.e. coa t  colours d e a f l y  differ- 
ing f rom the  n o r m a l  look of the  wild an ima l s  r e l a t ed  to 
b e h a v i o u r a l  changes  in t he  d i rec t ion  typ ica l  for domes t ic  
an imals ,  ce r t a in ly  h a v e  f i rs t  r a n k  iml~ortance as s t a r t i n g  
po in t s  for domes t i ca t i on  ach ieved  b y  chance  as well  as 
b y  in ten t ion .  P r e y  an ima l s  m a r k e d  b y  a h igh ly  u n u s u a l  
colour  m a y  give rise to  a l te ra t ions ,  e v e n t u a l l y  i nh ib i t i on  
of the  h u n t i n g  b e h a v i o u r  in ca rn ivores  which  re ly  chief ly  
on  vision,  as shown  for wild kes t re ls  h a v i n g  t he  choice 
be tween  wild t y p e  coloured and  a lb ino mice 42. A com- 
pa rab le  b e h a v i o u r a l  change  in m a n  m a y  easi ly r e su l t  in 
r e l a t ion  to  an  a n i m a l  e x t e r n a l l y  and  beav iou ra l l y  m a r k e d  
in such  an  u n u s u a l  m a n n e r  as the  f i rs t  s tep  t ow ar ds  t he  
change  in t he  m a n - a n i m a l  r e l a t ion  decis ive for a domes t ica -  
t ion,  especial ly if such  an ima l s  become objec ts  of m y t h s  
or cu l t  i n t e res t  in a n y  way.  

A clear  example  for such  d i f f e ren t i a t ed  h u m a n  h a n d l i n g  
resu l t ing  in all  p r o b a b i l i t y  in t h e  d o m e s t i c a t i o n  of t he  
N o I w a y  Rat ,  is g iven  b y  repor t s  on  t he  r a t - b a i t i n g  spor t  
popu l a r  in  F r a n c e  and  E n g l a n d  a r o u n d  1800, a n d  in 
Amer i ca  soon a f t e rwards  as. As c o m m u n i c a t e d  b y  RICH- 
TeR as, records  ind ica te  t h a t  a lb inos  were r e m o v e d  f rom 
the  large n u m b e r s  of wild r a t s  t r a p p e d  for th i s  purpose ,  
t h a t  is, be ing  killed in groups  of 100 to 200 ind iv idua l s  b y  
a t r a i n e d  te r r ie r  in a f igh t ing  p i t  in as sho r t  a t i m e  as pos-  
sible. These  a lb inos  were t h e n  k e p t  for show purposes  
and  /or breeding.  Obv ious ly  a s imi lar  coulor  select ion 
t ook  place a t  t he  v e r y  s t a r t i n g  po in t  of t he  wolf 's  do- 
mes t i ca t ion .  The  genes responsible  for t he  n o r m a l  wolf 
colour seem to be  comple t e ly  lacking in t he  d ingo a. 
Likewise,  red, yel low and  o the r  'dog '  eolours a r e f o u n d  in 
p r imi t i ve  dogs f rom wolf-free regions where  t he  'wolf '  

colour  h a r d l y  occurs  a t  a11. Therefore  i t  can  be  a s sumed  
t h a t  t he  dog 's  h i s t o r y  is founded  on  a v e r y  l imi ted  n u m -  
ber  of wolves coloured in th i s  unusua l  m a n n e r  such  as 
are found  now and  t h e n  in some wolf popu la t ions .  The  
a u t h o r  h a d  t h e  o p p o r t u n i t y  to  examine  such  a d ingo-  
coloured skin  of a K a z a k h s t a n  s t eppe  wolf, for example ,  
when  v is i t ing  t he  Zoological  I n s t i t u t e  of t he  K a z a k h  
A c a d e m y  of Sciences in  Alma-Ata .  

Two factors,  n a m e l y  ce r t a in  colour  t ypes  which,  be- 
cause of a l t e r a t ions  in  t he  n e u r 0 t r a n s m i t t e r  s y s t e m  caused  
b y  t he  respec t ive  colour  genes, are r e l a t ed  to  b e h a v i o u r a l  
t r a i t s  d iverg ing  f rom the  wild an ima l ' s  norm,  and  second-  
ly  t he  mi~. imum b r a i n  size possible in  t h e  r e l e v a n t  
species, the re fore  a p p e a r  to  be  bases  for d o m e s t i c a t i o n  
e i the r  s epa ra t e ly  or in comb ina t i on .  These  fac tors  are 
express ions  of t he  respec t ive  i nd iv idua l ' s  p o t e n t i a l i t y  for 
domes t i ca t i on  as well  as be ing  a t  leas t  pa r t i a l l y  decis ive 
for m a n ' s  readiness  to  keep th i s  an imal ,  as s h o w n  b y  t h e  
example  of t he  a lb ino rat .  F u t u r e  d o m e s t i c a t i o n  research  
will h a v e  to examine  t he  genera l  v a l i d i t y  of t h i s  thesis.  
U n d e r s t o o d  as a domes t i ca t i on  s t ra tegy ,  i ts  a p p l i c a t i o n  
should  resu l t  in  success more  qu ick ly  t h a n  if on ly  genera l  
select ion of ind iv iduals ,  accord ing  to t he i r  docile, t r a c t a b l e  
b e h a v i o u r  4a, is u n d e r t a k e n .  I n  add i t ion ,  p r i m a r y  selec- 
t ion  p r o c e d u r e s  re fe r r ing  to re la t ive  b r a i n  size m u s t  be  
prepared .  

4~ H. HEMMER and H. MOHRDIEK, in preparation. 
*a D. K. BELYAEV and L. N. TRUT, in The Wild Canids (Ed. M. W. 

Fox; Van Nostrand Reinhold, New York-Cincinnati-Toronto- 
London-Melbourne 1975), p. 416. 
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Summary. A device is descr ibed  wh ich  can  be  used for s imu l t aneous  m e a s u r e m e n t  of t he  muscle  ac t ion  p o t e n t i a l  and  
the, c o n t r a c t i o n  of the  frog gas t rocnemius  ne rve -musc le  p repa ra t i on .  The  a p p a r a t u s  is cha rac t e r i zed  b y  ease of con- 
s t ruc t ion ,  good accu racy  and  re l iabi l i ty .  

W e  requ i red  for use  in an  i n t r o d u c t o r y  phys io logy  
l a b o r a t o r y  course, a sys t em for record ing  the  con t r ac t i ons  
as well  as t he  ac t ion  p o t e n t i a l s  (MAP) of t he  frog gas t ro-  
cnemius  ne rve -musc le  p r epa r a t i on .  For  d idac t ic  reasons  
i t  was  i m p o r t a n t  to  be  able  to  d e m o n s t r a t e  and  measure  
t he  l a t ency  and  t ime  course of t he  mechan ica l  e v e n t  in 
re la t ion  to t h e  MAP.  O t h e r  r e q u i r e m e n t s  were ease and  
c la r i ty  of use and  re l iab i l i ty  in t h e  s t u d e n t  l abo ra to ry .  W e  
could no t  jus t i fy  for th i s  one e x p e r i m e n t  t he  pu rchase  of a 
commerc ia l ly  ava i l ab le  dua l  c h a n n e l  sys tem,  especial ly  
since severa l  groups  were to work  s imul taneous ly .  W e  
the re fore  des igned and  bu i l t  t h e  fol lowing record ing  
a p p a r a t u s ,  based  on  a commerc ia l ly  ava i l ab le  l inear  
m o t i o n  t r ansduce r ,  for use in c o n j u n c t i o n  w i t h  a c a t hode  
r ay  oscilloscope. 

The  device (see F igure  1) is f ab r i ca t ed  for  t he  m o s t  p a r t  
f r om plexiglas.  I t  con ta ins  a shal low mois t  c h a m b e r  w i t h  
a r e m o v a b l e  cover  (not  shown  in the  figure) w i t h  pro-  
vis ions  for ho ld ing  t he  p r epa r a t i on ,  for ne rve  s t i m u l a t i o n  
a n d  for record ing  t he  M A P  (Figure 1 A). T he  conven t iona l -  

ly p r epa red  ne rve -musc le  p r e p a r a t i o n  is he ld  b y  t he  T- 
shaped  ho lder  whose  pos i t ion  can  be  a d j u s t e d  b y  loosening 
i ts  r e t a i n i n g  screw and  s l id ing the  s t a lk  in or out .  The  
s t u m p s  of t he  f emur  and  t i b i a  should  n o t  be  cu t  too  shor t .  
B y  in se r t ing  t he  head  of t h e  muscle  a t  i ts  a t t a c h m e n t  to  
t he  bone  "into t he  n o t c h  in t he  ho lde r  w i t h  b o t h  bone  
s t u m p s  b e h i n d  t h e  h e a d  of t he  T, t h e  muscle  can  be he ld  
f i rmly  for recording.  Care should  be  t a k e n  to avo id  p inch-  
ing t he  n e r v e  b e t w e e n  t he  bone  a n d  t he  plexigtass.  The  
n e r v e  is la id  ove r  t h e  0.7 m m  si lver  s t i m u l a t i n g  e lect rodes  
which  are m o u n t e d  in a n  a d j u s t a b l e  s t a lk  he ld  b y  a 
t h u m b  screw. The  2 record ing  e lect rodes  are t h i n  s i lver  
wires, 0.25 m m  in d iamete r ,  wh ich  are s imp ly  twis t ed  
a r o u n d  t he  bel ly  and  t e n d o n  of t h e  muscle.  Since t h e y  
h a v e  to be  rep laced  occasional ly ,  t h e y  are f a s t ened  to  
min ia tu re ,  r e m o v a b l e  b a n a n a  jacks  he ld  in t he  f r ame  b y  
screws (see t op  view d i a g r a m  for de ta i l s  of t he  ho lde r  and  

1 We thank )/[s. C. FRIEDEMAIVN for preparation of the drawings; 
I~s. A. MIDn~LMAN-~ for technical assistance. 
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electrodes).  The recording e lect rodes  are connec ted  by  a 
shielded cable to an AC preampl i f ie r  opera ted  single- 
ended;  t he  o u t p u t  signal appears  on o n e  beam of a dual  
channel  CRO. W'e place fi l ter  pape r  soaked in Ringer ' s  
solut ion in the  b o t t o m  of the  c h a m b e r  to  keep the  
p repa ra t ion  mois t  when  the. cover  is in place. No t  seen in 
the  figure is a dra in  plug we added  in the  b o t t o m  to t he  
chambe r  to faci l i ta te  r insing af ter  use w i t h o u t  ge t t ing  
the  electr ical  pa r t s  wet.  For  isotonic recordings,  the  muscle  
t endon  is connec ted  by  means  of s t r ing runn ing  over  
tef lon guides to a baske t  con ta in ing  weights  (Figure 1B). 
An af ter loading sy s t em h a p p e n e d  to b e  avai lable and 
was connec ted  up, b u t  if no t  avai lable  one could eas i lybe  
made.  W i t h  a sui table spr ing ins tead  of weights ,  iso- 
met r ic  con t rac t ion  could be ar ranged.  

The h e a r t  of the  appa ra tus  is the  GLC linear mot ion  
t r ansduce r  (G. L. Collins Radio  Corp., Long Beach,  
Calif.) which  is m o u n t e d  as shown in the  side view of the  
d iagram in an upr igh t  posi t ion b e n e a t h  the  p la t fo rm sup- 
por t ing  t h e  s t r ing  guides. This t r ansduce r  offers ve ry  
l i t t le fr ict ion and is available in a va r i e ty  of sensit ivi t ies.  

Ours, model  SS105, gave a signal of 0.28 vol ts  per  m m  
t rave l  wi th  a working range of 16 mm.  The posi t ion of the  
cen te r  rod in the  housing de te rmines  the  level of the  
o u t p u t  signal;  it  was a t t a ch ed  to the  muscle by  means  of 
a s t r ing connec ted  to the  o ther  s t r ing  runn ing  ~rom the  
t en d o n  to the  weights .  As shown,  the  connect ion  is such 
t h a t  the  ve ry  l ight  Weight center  rod drops  upon  cont rac-  
t ion and  is pul led back  up upon re laxat ion.  Critical in the  
cons t ruc t ion  is t h a t  a) r a the r  l ight-weight ,  inelast ic ye t  
supple  s t r ing  be used to minimize  a r te fac t s  due to slack or 
iner t ia ;  b) low fr ict ion guides or rollers be used;  and  c) 
add i t iona l  guides be tween  the  rollers be used to p r e v e n t  
'be l ly ing out '  of the  str ing.  We found an inelastic,  b ra ided  
nylon  f ishing line in con junc t ion  wi th  tef lon guides to  be 
qui te  sa t i s fac tory  (see Figure  1). The t r ansduce r  was 
c l amped  in a v e r t i c a l l y  ad jus tab le  collar. Rais ing or 
lowering the  collar p e r m i t t e d  zeroing the  o u t p u t  of the  
t ransducer .  F ine r  a d j u s t m e n t s  af ter  m o u n t i n g  of the  
muscle p repa ra t ion  were made  by  s l iding the  muscle 
holder  in or out.  Connect ions  to  the  t r ansduce r  are 
avai lable a t  jacks bui l t  into t he  f ron t  of t he  unit .  Plus and  
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Fig. 1. Diagram illustrating con- 
struction of recording apparatus 
A) Top view with details of moist 
chamber and mounting of muscle. 
Chamber dimensions: 120 • 70 • 
27 ram. The nerve-muscle prepa- 
ration is held by adjustable holder 
(ho). The nerve lies across stim- 
ulating electrodes (se) which also 
can be adjusted after loosening 
the set screw. The silver recording 
electrodes (re) are twisted around 
the muscle and tendon and connect 
to the pre-amplifier via plug-in 
cable. The muscle tendon is tied to 
the connecting ring. 
B) Side view with details of trans- 
ducer and its connection to 
muscle. Minimum height of ap- 
paratus 210 mm (adjustable); 
base width 160 mm. Transducer 
(tr) fixed by screws in plexiglass 
collar (co) which can be adjusted 
by loosening set screw (es). 
Signal obtained from output 
jacks; + and -- 6 volts required. 
Zener diode (di) protects trans- 
ducer. Note connection of muscle 
tendon to load by string running 
over and through low friction 
guides (slanted arrows). Second 
string knotted to first (between 
arrows) runs back and reflects 
downward to transducer rod. 
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Fig. 2. Sample recordings from system. 
A) Upper trace muscle action potential resulting from nerve stimu- 
lation, lower trace meehanogram. Time cal. 10 msec. 
B) As above, time cal. 2 msee. Sensitivity of mechanogram increased 
to facilitate determination of start of contraction (arrow) in relation 
to 5tAP. Ripple in mechanogram is carrier frequency of transducer. 

minus  6 volts  are required.  We used a s tabi l ized power  
source, b u t  a b a t t e r y  would also do. To p ro t ec t  the  t r ans -  
ducer  f rom excessive voltage,  and  especial ly f rom being 
connec ted  wi th  the  wrong polar i ty ,  we wired a zener 
diode into the  sys t em as shown.  We  also a t t ached  a ground-  
ing collar to the  t r ansduce r  to  keep the  carrier  f requency  
out  of the  ou tpu t .  The o u t p u t  signal is connec ted  d i rec t ly  
to the  DC inpu t  of t h e  second b e a m  of t he  CRO. 

Discussion. The cons t ruc t ion  of this  recording appa-  
ra tus  p roved  to be re la t ively  uncompl ica ted .  Care m u s t  
be taken,  however ,  in select ing and ins ta l l ing the  guide 
surfaces and in using re la t ively  supple  t ransmiss ion  s t r ing;  
these  are the  pr incipal  po in t s  where  recording inac- 
curacies can  be in t roduced.  The fr ict ional  errors f rom the  
t r ansduce r  itself are minimal  as long as the  device is level. 
In  t e rms  of per formance ,  i t  fulfilled our requi rements .  The 
nerve-muscle  p repara t ions  usual ly  ma in t a ined  the i r  
init ial  physiological  s ta te  for 2 or more  hours  in the  mois t  
chamber ,  especial ly if t h e y  were no t  unnecessar i ly  
s t imula ted .  The mechanica l  recordings  were of h igh  
sensi t iv i ty ,  s table  and could fa i thfu l ly  follow up to the  
t e t an u s  f requency  of the  p repara t ion .  To t e s t  the  accuracy 
of the  m e a s u r e m e n t  of the  l a t ency  of the  myogram,  we 
in ten t iona l ly  loosened in several  expe r imen t s  a recording 
electrode.  The resul t ing m o v e m e n t  a r t e fac t  in the  electri-  
cal recording always agreed in t ime  wi th  the  onset  of the  
myogram.  Al though  we used a dual  b e a m  oscilloscope for 
s imul taneous  viewing of the  two o u t p u t  signals, a single 
beam CRO would also suffice for a l t e rna te  examina t ion .  
This device has s tood the  t e s t  of r epea ted  use. The 
pr incipal  cost, aside f rom cons t ruc t ion  t ime,  is t h a t  of the  
t ransducer .  This  however  is no t  a l tered dur ing  the  con- 
s t ruc t ion  and  can be ut i l ized for o the r  purposes  a t  any  
t ime  or be placed in a new f rame should the  old one be 
damaged .  
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Summary. A new m e thod  of clonal mul t ip l ica t ion is descr ibed in a represen ta t ive  f rom the  Cactaceae family,  which 
offers wide exper imen ta l  and hor t icu l tura l  applicat ions.  

The m e thods  of t issue cultures provide  large possibilKies 
for rapid  and mass  mul t ip l ica t ion of plants .  Among  the  
techniques  successfully appl ied in vege ta t ive  p ropaga t ion  
in vi tro belong, e.g., the  cul tures of s tem t ip  mer is tems,  
axil lar  buds,  bulb  scales, and  callus cul tures wi th  induced 
organogenesis .  Using the  techniques  of  clonal mult ipl ica-  
t ion  of o rnamen ta l  p lan ts  t h rough  shoot  regeneran ts  f rom 
callus cultures,  considerable  results  were ob ta ined  in the  
genuses Freesia ~, Gazania s, Crassula and  Kalanchoe ~, 
Chrysanthemum, Dianthus, Euphorbia, Pelargonium, A spa- 
ragus, Haworthia, Saintpaulia, Gladiolus, Passi/lora, etc. 
(see for review MURASHIGES). As far as we are informed,  
no repor t  was publ ished concerning the  above-men t ioned  
p ropaga t ion  techniques  in p lan ts  of the  Cactaceae family.  

Material and methods. Star t ing  mater ia l  for our  experi-  
men t s  were p lan ts  of Mamillaria woodsii species, Cacta-  
ceae family. 2-year-old p lan ts  of 1.5-2.0 cm in d iamete r  
were lifted f rom the  soil including roots  and tho rough ly  
washed in runn ing  water .  Af te rwards  the  roots  were 
removed  and the  s tems  were steril ized apply ing  d i f ferent  

techniques .  The mos t  promiz ing  ster i l izat ion m e t h o d  
p roved  to be the  appl icat ion of 70% e thanol  in which  
s tems  were submerged  for 5 min.  For  ano the r  5 rain the  
s tems  were pu t  in to  3% chloramin  B solut ion wi th  a drop  
of de te rgen t  and f inal ly t h e y  were given t r iple  r inse in 
sterile dist i l led water .  F r o m  s tems  p repared  b y  th is  man-  
ner, t r ansverse  segments  of the  w i d t h  of approx.  3 m m  
were cut  in a sterile box. F r o m  the  cu t t ings  the  cent ra l  
vascular  bundle  was r emoved  and  the  cu t t ings  were 
d iv ided into 4-5 segments  to avoid in the  exp lan t s  the  
occurrence of the  secondary  vascular  bundles  reaching up 

1 To whom the requests for reprints should be sent: Institute of 
Biophysics, Czech, Academy of Sciences, Krfilovopolskfi 135, 
CSSR-612 65 Brno, Czechoslovakia. 
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