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Fig. 1. Vertical halves of a normal 
disc floret showing a single basally 
attached intra-ovarian ovule. 

Fig. 2. Disc floret from chlor- 
flurenol-treated plant showing the 
boat-shaped corolla lobes and the 
5 extra-ovarian ovules, a, anther; 
c, corolla; d, disc; coo, extra- 
ovarian ovule; ol, ovule; oy, ovary; 
p, pappus; s, style; st, stigma. 

f ined  to  t h e  ova ry ,  a n o t h e r  e m e r g i n g  l a te ra l ly  t h r o u g h  
t h e  o v a r y  wall .  T h e  f lore ts  in w h i c h  the  ovu les  h a d  come  
o u t  of t he  coro l la  were  of 2 k inds :  a) t h o s e  in w h i c h  t h e  
l e n g t h  of t h e  o v a r y  w a s  t h e  s a m e  as in con t ro l s  a n d  t h e  
locu lus  w a s  filled w i t h  ovules ,  b) t hose  in w h i c h  t h e  o v a r y  
w a s  s h o r t  a n d  sol id;  t h e  ovu les  be ing  b o r n e  a t  t he  base  
of t h e  coro l la  or  on  it. T h e  e x t r a - o v a r i a n  ovu les  di f fered 
f r o m  t h e  n o r m a l  ones  in t he i r  size a n d  shape ,  b u t  s h o w e d  
t h e  e n d o t h e l i u m  a n d  t h e  e m b r y o  sac. 

T h e r e  are  m a n y  p a p e r s  dea l ing  w i t h  t h e  effects  of 
m o r p h a c t i n s  on  f lower  d e v e l o p m e n t .  To o u r  knowledge ,  
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t he  on ly  p r e v i o u s  r e p o r t  on  t h e  occu r r ence  of e x p o s e d  
ovu les  is b y  UMA 7,s in t h e  t r e a t e d  l inseed p lan t s .  T h e  
ovu les  were  f o u n d  to  p r o t r u d e  f r o m  t h e  t o p  of  t h e  o v a r y  
or  occas iona l ly  a t t a c h e d  to  t h e  base  of a s t a m e n .  T h e  
e x p o s e d  ovu les  of l inseed c o n t a i n e d  sma l l e r  e m b r y o s  a n d  
t he i r  u l t i m a t e  fa te  w a s  n o t  k n o w n .  I n  t he  s u n f l o w e r  also 
m a t u r e  exposed  seeds  h a v e  n o t  b e e n  obse rved .  T h e  
f o r m a t i o n  of e x t r a - o v a r i a n  ovu les  w a s  r eco rded  in p l a n t s  
t r e a t e d  a t  all c o n c e n t r a t i o n s  of ch lor f lu reno l .  H o w e v e r ,  
t he  m a x i m u m  inc idence  of th i s  f e a tu r e  w a s  n o t e d  a t  t h e  
lowes t  c o n c e n t r a t i o n .  T h e  increase  in t he  n u m b e r  of 
ovu les  sugges t s  an  a c c e n t u a t i o n  of f emale  sex  expres s ion .  
T h e  deta i l s  of o n t o g e n y  a n d  e m b r y o l o g y  of t he  e x p o s e d  
ovu les  are be ing  s tud ied .  

Summary. Fol i a r  s p r a y  of a q u e o u s  ch lo r f l u r eno l  sotu-  
t ion  induced  the  d e v e l o p m e n t  of 1-7 ( ra re ly  u p  to  14) 
e x t r a - o v a r i a n  ovu les  in t he  disc f lore ts  of s u n f l o w e r  in 
c o n t r a s t  w i t h  a s ingle i n t r a - o v a r i a n  ovu le  f o u n d  in t h e  
con t ro l s .  T h e  inc idence  w a s  h i g h e s t  a t  3 • 10 -5 M con-  
c e n t r a t i o n .  

H. Y. MOHAN RAM a n d  M. ILYAS 9 

Department o/Botany, University o/Delhi, 
Delhi 110007 (India), lO May 1975. 

Relat ionship  Between  Size of Muscle  Fibres  and 

I n  1956, JOUBERT 1 r ev i ewed  s o m e  of t h e  l i t e r a t u r e  
w h i c h  dea l t  w i t h  t h e  effect  of species  on  m u s c l e  f ibre  
size. H e  q u o t e d  ]~OWMAN 2, w h o  in 1840, m u s t  h a v e  been  
one  of t h e  f i r s t  to  s u g g e s t  s o m e  s o r t  of gefletic con t ro l  
o v e r  musc l e  f ibre  size. He  s t a t e d  t h a t  w i t h i n  each  c lass  of 
a n i m a l s  t h e r e  is a n  e x t e n s i v e  r a n g e  of b o d y  size a n d  
p r o b a b l y  also musc l e  f ibre  size. Since t hen ,  s eve ra l  s t ud i e s  
h a v e  b e e n  m a d e  to  i n v e s t i g a t e  t h e  effect  of species  on  
musc l e  f ibre  size w i t h i n  t h e  m a m m a l i a n  class.  WARRINGS- 
HOLZ 3, a n d  l a t e r  JOUBERT 1, m e a s u r e d  musc l e  f ibre  

Body D i m e n s i o n s  in a N u m b e r  of Te leos t s  

d i a m e t e r  in 4 d o m e s t i c  m a m m a l s ,  b u t  t h e y  f o u n d  no  
r e l a t i o n s h i p  w i t h  b o d y  size. H o w e v e r ,  GAUTHIER a n d  
PADYKULA 4, in a m o r e  r e c e n t  e x t e n s i v e  s u r v e y ,  d id  
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es t ab l i sh  a d i rec t  r e l a t i onsh ip  be tween  fibre s i ze  in  t h e  
d i a p h r a g m  of 13 m a m m a l i a n  species a n d  b o d y  size. 
GEORGE a n d  NAIK 5, work ing  on birds,  also f o u n d  t h a t  
musc l e  f ibre a rea  inc reased  w i th  b o d y  weight .  Th i s  l as t  
s t u d y  s eem s  to be t he  on ly  one conce rned  w i th  i n v e s t i g a t -  
ing t h e  r e l a t ionsh ip  b e t w e e n  fibre size a n d  b o d y  size 
ou t s ide  t h e  m a m m a l i a n  class. I t  was  decided,  therefore ,  
to  i n v e s t i g a t e  th i s  r e l a t i onsh ip  (ff any)  in fish,  wh ich  
h a v e  so far  n o t  been  s t ud i ed  a n d  w h i c h  also h a v e  an  
eas i ly  m e a s u r e d  ' s hape '  in c o n t r a s t  ~o m a m m a l s .  

M a t e r i a l s  a n d  methods .  17 d i f fe rent  species  of te leos t  
(Table I, ident i f ied  accord ing  to  SMITH G) w e r e  c a u g h t  
over a 3-day period from rock pools found in the exposed 
coral reef off the Kenya coast (4~ The fish were 
stunned by a blow on the head and then fixed in 5% 
formalin for 24 h with a small dorsal and ventral skin 
incision to aid penetration of fixative. After fixation, the 
length (1) of the fish was measured (from snout to base of 
tail) as well as its greatest height (h) and width (w) 
(using microcalipers). The fish were then decalcified, 
according to SCHAEFER 7, in order to make sectioning 
easier. The whole fish was sectioned transversely at a 
position about two-thirds of its length from the head 
end; 7 vm sections were cut on a Leitz rotary microtome 
and stained in Haematoxylin and Eosin. 

Table I. List of fish used in investigation with mean nmscle fibre 
diameter (D), estimated body volume (V) and length:height ratio 
(Z/h) 

No. Name l) ([zm) V (c.c.) 1/h 

1 Canthigaster margaritatus 44.3 2.94 2.38 
2 Scorpaena mossambica 42.3 1.72 2.42 
3 Stethojulis strigiventer 27.2 0.71 3.18 
4 Halichoeres dianthus 16.0 0.38 2.96 
5 Haliehoeres scapularis 34.9 1.23 4.27 
6 Caraeanthus zeylonicus 48.0 2.41 2.77 
7 Abudefdu]lacrymatus 25.1 1.31 2.13 
8 Cheilodipterus quinquelineatus 35.4 0.95 2.94 
9 Branchiostegus japouieus 48.6 1.70 3.53 

10 A budeldu/ sparoides 51.5 1.31 1.85 
11 Apogon monochrous 49.5 0.94 2.51 
12 Gobiodon citrinus 15.1 0.04 4.07 
13 Siganus oramin 88.7 20.18 2.26 
14 Apogonichthyoides uninotatus 28.6 0.67 3.32 
15 Petroseirtes mitratus 21.9 0.11 8.51 
16 Acropomajaponicum 23.3 0.30 3.16 
17 Grammistes sexlineatus 47.9 8.44 2.63 

Table II. Coefficients of correlation (r) between various parameters �9 

Parameters correlated n r P 

D v. V 17 0.814 ~ 0.001 
D v. log (V) 17 0.844 < 0.001 
D v. V (13 omitted) 16 0.536 < 0.05 
D v. log (V) (13 omitted) 16 0.765 ~ 0.001 

D v. 1/h 17 --0.412 n.s. 
D v. log (l/h) 17 --0.482 % 0.05 
D v. 1/h (13 omitted) 16 --0.432 n.s. 
D v. log (l/h) (13 omitted) 16 --0.493 ~ 0.1 

�9 D, muscle fibre diameter; V, volume of fish; l/h, length: height 
ratio. 

B y  m e a n s  of a n  eye-piece g rac t icu le  in a Lei tz  micro-  
scope, 100 musc le  f ibres  were m e a s u r e d  s for each  fish. 
T h e  a p p r o x i m a t e  ' v o l u m e '  (V) of each  fish was  e s t i m a t e d  
us ing  t h e  fol lowing e q u a t i o n :  

1 h . w . 1  
V = - " ~ " - -  (see above for explanation of symbols) 

3 4 

Th i s  e q u a t i o n  is t h e  v o l u m e  of 2 el l ipt ical  cones  ( total  
l eng th ,  l) w i t h  the i r  bases  end  to  end.  Th i s  will give some  
indica t ion ,  a t  least ,  of r e la t ive  v o l u m e s  of the  f ish used .  

I t  was  f o u n d  t h a t  t he  l e n g t h s  of t he  f ish used  were on  
ave rage  29.9% (with a s t a n d a r d  error  of • 4.2) of t h e  
m a x i m u m  l e n g t h  t h e y  can  a t t a i n  (according t o  S•ITH6). 
I n  order  t o  s t a n d a r d i z e  t he  resul t s ,  i t  was  decided to 
a d j u s t  all V o l u m e  a nd  Fibre  d i a m e t e r  m e a s u r e m e n t s  to 
the i r  e s t i m a t e d  va lues  a t  30% of t h e  m a x i m u m  l e ng th  of 
t h e  fish. These  were v e r y  sma l l  a d j u s t m e n t s ,  wh ich  could  
eas i ly  be car r ied  o u t  a s s u m i n g  t h a t ,  for v o l u m e  changes ,  
l e n g t h : h e i g h t : w i d t h  ra t ios  are c o n s t a n t  for each  species.  
Muscle  f ibre d i a m e t e r  a d j u s t m e n t s  were ba se d  on t he  f ac t  
t h a t  c h a n g e s  in f ibre d i a m e t e r s  are r e l a t ed  to  c ha nges  in 
overal l  musc l e  g i r th  9. 

Resul t s .  Tab le  I l is ts  all t h e  i i sh  used  in t h i s  inves t iga -  
t i on  t o g e t h e r  w i th  t he  m e a n  musc l e  fibre d i a m e t e r  (D), 
' v o l u m e '  (V) a n d  l e n g t h : m a x i m u m  h e i g h t  ra t io  (l/h) 
for each  fish.  The  p a r a m e t e r s  D a nd  V s h o w n  in t h i s  
t ab le  h a v e  b o t h  been  ' a d j u s t e d '  to  30% of the  f i sh ' s  
m a x i m u m  leng th .  Tab le  I I  show s  the  coeff ic ients  of 
cor re la t ion  be tween  v a r i o u s  p a r a m e t e r s .  All coeff icients  
in th i s  t ab le  are ba se d  on t h e  ' a d j u s t e d '  va lues  s h o w n  
in Tab le  I. In  some  corre la t ions ,  f ish n u m b e r  13 was  
o m i t t e d  as it  a ppe a r s  to be v e r y  d i f fe ren t  in fibre size 
a n d  v o l u m e  f rom the  o the r  f ish (see Figure) .  I t  shou ld  be 
no t e d  t h a t ,  u s i ng  or iginal  va lue s  for V o l u m e  a nd  F ibre  
d i a m e t e r  (with no a d j u s t m e n t  to 30% of t h e  f i sh ' s  m a x i -  
m u m  length) ,  cor re la t ion  coeff ic ients  were s ign i f i can t  for D 
a g a i n s t  log(V) (r = 0.68, p < 0.01) a nd  for D a ga in s t  I/h 
(r = 0.57, p < 0.02). O t h e r  cor re la t ions  were of the  s a m e  
order  as Tab le  I I  b u t  no t  s ign i f ican t .  The  F igu re  shows  
t he  va r i a t i on  of musc le  fibre d i a m e t e r  w i th  v o l u m e  and  
l e n g t h : h e i g h t  ra t io  of t h e  fish.  

D i s c u s s i o n .  T h e  resu l t s  of t h i s  i n v e s t i g a t i o n  a p p e a r  to  
show t h a t  the  d i a m e t e r  of musc le  f ibres  in va r ious  species 
of f ish is re la ted  in some  w a y  to  t he  v o l u m e  of the  fish. 
La rge r  species  of f ish s e e m to  h a v e  larger  musc l e  fibres. 
T h e  fac t  t h a t  t he  cor re la t ion  coeff ic ients  are h i g h e s t  w h e n  
log (Volume) is used,  s eems  r ea sonab le  w h e n  it  is real ized 
t h a t  t he  v o l u m e  p a r a m e t e r  is a c ube d  d i m e n s i o n  as com-  
pa red  to t h e  d i a m e t e r  m e a s u r e m e n t .  As a l r e a dy  me n t ioned ,  
t h i s  r e l a t i onsh ip  be tw e e n  fibre size a nd  b o d y  size ha s  
a l r eady  been  d e m o n s t r a t e d  in severa l  species  of b i rds  b y  
GEORGE a n d  NAIK 5. SMITH 10, w ork ing  w i th  chickens ,  
also conc luded  t h a t  musc le  size is re la ted  to body" size. 
I n  m a m m a l s ,  a l t h o u g h  th i s  r e l a t i onsh ip  h a s  been  d e m o n -  
s t r a t e d  by  GAUTHIER a nd  PADYKULA 4 u s ing  13 species,  
o t h e r  workers  1, ~ h a v e  n o t  been  able  to  show  this ,  even  
t h o u g h  t he  la ter  workers  used  sma l l e r  n u m b e r s  of species. 
Th i s  d i s c r e p a n c y  in t he  m a m m a l i a n  class m a y  be due  in 
p a r t  to t he  m u c h  g rea te r  r a nge  of b o d y  sizes a nd  d i m e n -  

5 j.  C. GEORGE and R. M. NAIK, J. Anim. Morph. Physiol. 6, 90 
(1959). 

s j .  L. B.-SMITH, The Sea Fishes oJ Southern Africa, 5th edn. 
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7 j ,  SCHAFFER, Z. wiss. Mikrosk. 19, 308 and 441 (1902). 
s N. C. STIeKLAND, P h . D .  Thesis, University of Hull (1973). 

N. C. STICKLAND and G. GOLDSPINK, Anim. Prod. 76, 135 (1973). 
lo j .  H. SMITh, Poultry Sci. d2, 283 (1963). 
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sions t h a n  t h a t  found in the  bi rd  or fish class. In  fact,  if 
cer ta in  groups  of m a m m a l s  are t r e a t ed  separa te ly ,  a 
d i rect  re la t ionship  be tween  fibre size and b o d y  size is 
seen. JULIAN and  CARDINET u found t h a t  large dogs had  
larger muscle fibres t h a n  small  dogs, and LuFF and 
GOLDSPINK ]~ found a similar  s t i t ua t ion  in mice. 

The resul ts  of th is  inves t iga t ion  also suggest  t h a t  there  
is an inverse re la t ionship  be tween  muscle fibre size and 
l e n g t h : h e i g h t  rat io (l/h). This re la t ionship  becomes  
s ta t i s t ica l ly  s ignif icant  when  log (1/h) is used, suggest ing 
t h a t  the  re la t ionship  is no t  linear. 

s 
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Shows the relationship between mean nmscle fibre diameter (D) and 
(a) Volume of fish (V), (b) length: height ratio (1/h). Both V and 1/h 
axes are written on a log scale. The equations for the plotted lines 
of regression are shown. The nmnbers against each fish eorrespoi~d to 
the fish numbers shown in Table I. 

There  is some evidence ~ t h a t  fas te r  f ish t e n d  to  have  a 
h igher  l e n g t h : h e i g h t  ratio.  I t  would seem, therefore ,  t h a t  
fas ter  fish m a y  have  smaller  fibre d iameters .  In  mammals ,  
GAUTmER and  PADYKULA 4 reasoned t h a t  f ibre size is 
re la ted  to  b o d y  size because body  size is inverse ly  re la ted  
to metabol ic  ac t iv i ty  14. Only if metabol ic  ac t iv i ty  in 
fish is re la ted  to  re la t ive  speed can it be said t h a t  the  
resul ts  p resen ted  here agree wi th  those  found in mammals .  

In  mammal s ,  the  decrease in fibre size w i th  increasing 
metabol ic  ac t iv i ty  is due to  a h igher  p ropor t ion  of red 
muscle fibres, as well as a decrease in size of the  whi te  
muscle  fibres 4. In  the  fish s tudied  here, the  charac te r -  
istic la tera l  line s tr ip of red muscle fibres ~5 appeared  very  
small  or non-ex is ten t ,  and,  in any  case, these  fibres were 
no t  included in the  measurements .  However ,  in some of 
the  ' fas ter '  fish, a 'mosaic '  a r r a n g e m e n t  of small  and 
large fibres was seen in the  bulk of muscle  which  migh t  
cor respond to  the  mosiac a r r a n g e m e n t  of red and whi te  
muscle fibres seen in some fish ~5. A h i s tochemica l  s tudy  
would be required to inves t iga te  th is  idea. 

Taken  as a whole, the  results  pose diff icul t  problems.  
If muscle  fibre size is d i rec t ly  re la ted to  b o d y  size and  
inversely  re la ted to 1/h t hen  th is  suggests  t h a t  smaller  
fish are more  s t ream-l ined  wi th  smaller  muscle fibres. I t  
is possible t h a t  the  re la t ionship  be tween  fibre size and  
1/h is a resul t  of a re la t ionship  in the  fish used here  be- 
tween  b o d y  size and 1/h. A wider  range of te leos ts  should 
be examined,  preferab ly  in which b o d y  size and l/h are 
unrela ted,  in order  to inves t iga te  these  in te r - re la t ionsh ips  
more  fully 16. 

Summary.  In  a survey  of 17 species of teleosts ,  a d i rect  
re la t ionship  was found be tween  the  d iamete r  of muscle  
fibres and e s t ima ted  volume of the  fish. The resul ts  also 
suggested an inverse re la t ionship  be tween  muscle fibre 
d iamete r  and  ' s t reaml inedness '  of the  fish (as measured  by  
length  : he igh t  ratio). 
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fish used in this investigation. 

I s o l a t i o n  a n d  C u l t u r e  o f  M e s o p h y l l  P r o t o p l a s t s  o f  Hyoscyamus niger L.  v a r .  annuus S i m s  1 

Plan t s  of Hyoscyamus were grown in the  greenhouse  
under  long day  condi t ions  for 1 month .  Dif ferent ia ted  
leaves were cut  off and washed  3 t imes  wi th  t ap  water ,  
and  then  surface steril ized by  t r e a t m e n t  wi th  4% 
NaOCI for 3 min. The hypochlor i t e  was r emoved  by  3 
successive washes  in sterile water .  Af ter  t he  lower epi- 
dermal  layer  had  been s t r ipped  away  wi th  forceps, the  
leaves were t r ea ted  as descr ibed by  MEYER 2, 1 h pre- 
macera t ion  followed by  1,5 h macera t ion .  The pro toplas t s  
were separa ted  f rom u n m a c e r a t e d  mater ia l  by f i l t ra t ion 
t h rough  a plast ic  gauze and t h e n  sed imented  by  centr i fu-  
gat ion at  50 g for 5 min. The sed imen ted  p ro top las t s  were 

washed  3 t imes  wi th  f resh salt  solut ion and  re sed imen ted  
by  centr i fugat ion.  All these  solut ions were ad jus ted  a t  
p H  5.2. 

Abou t  1 ml  of p ro top las t  suspension (Figure 1) was 
mixed  wi th  abou t  10 ml of l iquid nu t r i en t  media  descr ibed 
by  DURAND et a l ) ,  Na2EDTA and  F e S O 4 •  H~O 

l Supported by a grant of the Bnndesministerium ffir Forschung und 
Technologie, Bonn. 

2 y. MEYER, Protoplasma 81, 363 (1974). 
3 j.  DURAND, 1. POTRYKUS et G. DONN, Z. Pflanzenphysiol. 69, 26 

(1973). 


