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ABSTRACT.

I n  o rd e r  to  d e f in e  th e  p r e s e n t  s t a t u s  o f  th e  genus .Atrichum 

in  B r i t a i n ,  d a ta  a v a i l a b l e  from  v a r io u s  f l o r a s  and  o th e r  p u b l i c a t io n s  

a r e  exam ined. A lso  l i t e r a t u r e  r e l a t i n g  to  th e  c y to lo g y  o f th e  b ry o p h y te s  

i s  review ed*

H erbarium  and  l i v in g  specim ens a r e  exam ined, th e  l a t t e r  b o th  

in  th e  f i e l d  and under c o n t r o l l e d  c o n d i t io n s ,  to  e s t a b l i s h  th e  ran g e  

o f  v a r i a t i o n  in  each s p e c ie s  and to  d e te rm in e  v /he ther t h i s  i s  o f  

g e n e t ic  o r  e n v iro n m e n ta l o r ig in #  F in n is h  and  B r i t i s h  m a te r ia l  o f  

A. te n e llim i a r e  com pared and  tv/o new r a c e s  o f  A .undulatum  , w ith  

d i s t i n c t  m orpho logy , a re  d e s c r ib e d .

C y to lo g ic a l  i n v e s t i g a t i o n  shows t h a t  A .c r i spurn, A .an g u sta tu m  

and A .te n e llu m  a r e  a l l  p r e s e n t  a s  W=7 r a c e s  i n  B r i t a i n .  A#undu l atum 

o c cu rs  m a in ly  a s  th e  N=21 r a c e  v /ith  s p o ra d ic  a n e u p lo id  sp ec im en s, 

b u t d ip lo id  (n= 1 4 ) r a c e s ,  o f  v e ry  l o c a l  d i s t r i b u t i o n ,  a l s o  occur*

The use  o f  c e r t a i n  c h a r a c te r s  f o r  s p e c ie s  i d e n t i f i c a t i o n  i s  

d is c u s s e d  i n  th e  l i g h t  o f  th e  r e s u l t s  o b ta in e d  i n  th e  i n v e s t i g a t io n  

and th e  c y to lo g ic a l  b a s i s  o f  sex  e x p re s s io n  in  th e  genus i s  d is c u s s e d  

*v7i t h  p a r t i c u l a r  r e f e r e n c e  to  A .u n d u la tum* F in a l l y  th e  s p e c ie s  and 

r a c e s  o f  A trichum  in  B r i t a i n  a r e  d e s c r ib e d .
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INTRODUCTION.

An exam ination  o f th e  a v a i la b le  herbarium  specim ens re v e a le d  

a g r e a t  d i v e r s i t y  o f  form in  each o f  th e  B r i t i s h  s p e c ie s  o f  A tr i c hum<> 

I t  was th e r e fo r e  d ec id ed  to  make a  m o rp h o lo g ica l and c y to lo g ic a l  

exam ination  o f  such members o f  th e  genus a s  o c c u rre d  in  th e  so u th e rn  

p a r t s  o f  England and Y/ales, i n  o rd e r  to  d isc o v e r  w hether t h i s  range  

was de term in ed  g e n e t i c a l ly  o r  by en v ironm en ta l c o n d i t io n s .  I t  was 

hoped to  f in d  r e l i a b l e  c h a ra c te r s  which would d e f in e  e x a c t ly  th e  

s p e c ie s  and v a r i e t i e s .

1 .



CHAPTER I .

RWIEW OF THE LITERATURE RELATING TO THE PRESENT STATUS OF THE 

GENUS ATRICHUM IN BRITAIN.

A member o f th e  genus Atrich u m  was f i r s t  r e f e r r e d  to  by 

D i l le n iu s  in  h is  ’H is to r ia  Muscorurn* ( 1 7 4 1 ) .  The p la n t  was d e s c r ib e d  

a s : - 'Bryum J u n i p e r i , f o l i i s  r u g o s is ,  c a p s u l is  r e c t i o r i b u s . *, and 

has s in c e  been i d e n t i f i e d  w ith  A trichum  angusta tum .

The genus was m entioned  by Hooker and W ilson (M uscologia B r i ta n n ic a  

1 8 1 8 ) ,  who d en ied  th e  v a l i d i t y  o f th e  d iv i s io n  o f the P p ly tr ic h ^ a m - 

in to  P o ly trich u m  and A tr ichum , a s  p roposed  by E h rh a rt and Mohr, and 

fo llo w ed  th e  c l a s s i f i c a t i o n  o f W ahlenberg in  which th e re  was no 

such d iv is io n .  Thus P o ly trich u m  undulatum  i .e .A trich u m  undulatum  

was d e s c r ib e d  a s  having 'L eaves la n c e o la te ,  u n d u la te , t h e i r  m argins 

p la n e , d e n t ic u la te d ,  t h e i r  nerve w inged, c a p su le  c y l in d r i c ,  cu rved , 

l i d  s u b u la te . Stem 1-2 in c h e s  h ig h , le a v e s  th in  and d e l i c a te  in  

s t r u c tu r e  ( u n lik e  th e  r e s t  o f th e  genus ) c r is p e d  when d r y . '

In  1855 W ilson p u b lish e d  h is  'B ry o lo g ia  B r i ta n n ic a * , r e ta in in g  

H o o k e r 's  name on th e  t i t l e  p ag e . In  t h i s  work a f u l l  d e s c r ip t io n  o f 

th e  genus A trichum » as  d i s t i n c t  from P o ly trich u m , was g iv e n , th re e  

s p e c ie s  be ing  d e s c r ib e d .

A .undula tu m  P.B eauv. had 'Upper le a v e s  crowded, lo n g , l i n g u la t e -  

la n c e o la te ,  u n d u la ted  a t  th e  m arg in , sh a rp ly  d e n t ic u la te d ,  cap su le  

c y l in d r i c a l ,  cu rv ed , l i d  w ith  a long  b e a k . ' Two v a r i e t i e s  o f t h i s



s p e c ie s  were d e s c r ib e d . The f i r s t ,  A .undulatum  var^$ a t té n u a  turn had 

'L eaves narrow er, more f l a c c i d ,  more c r is p e d  when d ry , nerve w ith  a 

narrow er la m e lla ,  c a p su le  more s l e n d e r . * The second, A .undulatum  va r  

abb rev ia tu m  had *A s h o r te r  f r u i t  s t a l k ,  c a p s u le , and p e ris to m e  

th a n  th e  ty p e . * A .undul a tum was s a id  to  grow in  g ra s s y , shady p la c e s ;  

th e  v a r i e ty  a tten u a tim a. in  N orth  America only^ th e  v a r i e ty  abb rev ia tum  

in  b a re  shady p la c e s .  F r u i t in g  was s a id  to  o ccu r d u rin g  O ctober and 

November.

Of A .angustatum .B r i d .  i t  was s t a t e d  ' I t  i s  no t y e t  c e r t a in  

i f  t h i s  s p e c ie s  i s  found in  B r i t a i n .  Mr M itte n  has c o l le c te d  p la n ts  

from H u rs tp ie rp o in t  which a re  com parable w ith  th e  type  specim ens 

o f S ch im p er.*

A .te n e llu m .B r. and Schim per. was d e s c r ib e d  a s  'A sm a lle r  

s p e c ie s ,  d io e c io u s , s h o r t  cernuous cap su le  w ith  a la rg e  p e r is to m e . '

No re fe re n c e  was made to  th e  o ccu rren ce  o f  t h i s  s p e c ie s  in  B r i t a i n .

B erk eley  in  h i s  'Handbook o f  B r i t i s h  M osses' (1863) added 

n o th in g  to  W ilso n 's  d e s c r ip t io n  o f  A .undulatum  and d e s c r ib e d  n e i th e r  

o f  th e  v a r i e t i e s  * However, he gave a  d e s c r ip t io n  o f  A .angustatum  

which he found to  be 'D io e c io u s , stem  s h o r te r ,  le a v e s  narrow er, 

more d en se ly  r e t i c u l a t e ,  l e s s  h is p id  b en ea th  ( th a n  A .undulatum  ) 

la m e lla e  numerous, sporangium  narrow . ' A no te  added t h a t  Schimper 

had examined th e  p la n t s  from H u rs tp ie rp o in t  and confirm ed  th a t  th e y  

were A .angustatum .

A .ten e llu m  was g iv e n  a f u l l e r  d e s c r ip t io n  b e in g  'D io e c io u s , 

stem  s h o r t ,  s im p le , le a v e s  o b lo n g - la n c e o la te , s c a rc e ly  u n d u la ted



even b e n e a th , m arg in  to o th e d  beyond the m id d le , nerve s l i g h t l y  l a m e l la te ,  

sporangium  subcernuous, obovate o r oblong, v e i l  o b sc u re ly  h a iry  

above, p e ris to m e  la r g e .  On muddy p la c e s  o r c la y . îV u it  autumn. *

Y/ilson was s ta t e d  to  be th e  c o l le c to r  o f  th e  B r i t i s h  m a te r ia l .

I n  B ra ith v /a ite  ' s 'B r i t i s h  Moss F lo r a '(  1881-87), th e  g e n e r ic  

name was changed to  G a th e r in e a , th e  a u th o r i ty  g iv en  be ing  B r id e l .

A f u l l  d e s c r ip t io n  o f B r i t i s h  O .a n g u s ta ta  B rid . was g iv e n  f o r  th e

f i r s t  tim e and a l o c a l i t y  in  P e r th s h i r e ,  a s  w e ll  a s  one in  Sussex ,

was g iv e n  a s  a p la c e  o f c o l l e c t io n .  The p la n t s  were 'D io e c io u s , g re g a r io u s

o r  l a x ly  tu f t e d ,  re sem b lin g  C .u n d u la ta , b u t  sm a lle r  and more s le n d e r

and oT a  more obscu re  o r re d d is h  t in g e .  Stems abou t 1 in c h  h ig h ,

s im p le ,e r e c t ,  le a v e s  crowded, l i n e a r  l a n c e o la te ,  s h o r te r  and f irm e r

th an  in  O .undula t a  , l e s s  u n d u la te d , e r e c to -p a te n t ,  more c r isp e d

when d ry , l e s s  sp in u lo s e  a t  th e  back , more d e n se ly  and m in u te ly

a e r o la t e ,  apex somewhat o b tu se , m argin  r e f le x e d  below , v e ry  narrow ly

b o rd e red  and s e r r a t e  in  th e  upper p a r t  o n ly , la m e lla e  3 -7 , much

h ig h e r  and occupying m ost o f th e  apex of th e  l e a f ,  in  s e c t io n  4 -6

sm a ll, rounded c e l l s ,  cap su le  on a p u rp le  s e ta ,  e r e c t  o r a  l i t t l e

in c l in e d ,  s t r a i g h t  o r  s u b -a rc u a te ,  narrow ly  c y l in d r ic ,  p u rp le  re d ,

c a ly p tr a  v e ry  narrow , sp in u lo se  a t  th e  p o in t ,  l i d  d ark  p u rp le ,

g lo s sy  w ith  a  s h o r t  beak^ t e e th  o f p e ris to m e  narrow er. Male p la n ts

in  s e p a ra te  t u f t s  w ith  cup shaped in n e r  b r a c t s ,  b ro ad ly  obovate

w ith  th e  nerve th ic k e n e d  a t  th e  apex. F r u i t  N ovem ber-January. Much

more f re q u e n t  in  America th a n  in  Europe. H u rs tp ie rp o in t  1846.

P e r th s h i r e  I 8 6 4 , '



G. Lindulata Web,. and H ohr, was f u l l y  d e s c r ib e d  and c e r t a in  

d e t a i l s  o f  th e  l i f e  c y c le  were g iv e n . The r i a n t  was 'P a ro e c io u s  o r  

p o ly o e c io u s , g re g a r io u s  i n  l i g h t  g ree n  p a tc h e s , rhizom e much b ran ch ed , 

r o o ts  tw is te d  to  form  a c a b l e . ' A no te  added th a t  Schimper found f r u i t  

on a f i r s t  y e a r  stem , n o t p reced ed  by a n th e r id ia l  fo rm a tio n . A 

v a r i e ty  O .u n d u la ta  v a r  ^ m inor Web. and Mohr, was d e s c r ib e d  a s  'S h o r t  

le a v e s  crowded, s h o r te r ,  l e s s  u n d u la te d , c a p su le  s u b e re c t ,  o v a te -  

ob long , unequal on a  s h o r te r  p e d ic e l  . I n  b a re  stony  p la c e s ,  no t

common.*

G .t e n e l l a  R oh l. was s a id  to  o ccu r i n  Europe. Three specim ens 

examined by B ra ith w a ite  were renam ed O .u n d u la ta  v a r ^  m ino r. A 

d e s c r ip t io n  o f th e  s p e c ie s  from  f o re ig n  m a te r ia l  was g iv e n  i n  which 

th e  p la n t  was d e s c r ib e d  a s  'D io e c io u s , stem  -J—1 in c h , le a v e s  

o b lo n g -lan c e o la te ., s c a rc e ly  u n d u la te , d u l l  g re e n , c a p su le  c y l in d r ic  

oblong , ab o u t h a l f  th e  le n g th  o f  G .u n d u la ta  , in c l in e d ,  l i d  r a th e r  

c o n ic , tum id, r u f e s c e n t ,  n e a r ly  s t r a i g h t ,  p a le ,  beak r a th e r  s h o r te r  

th a n  th e  c a p s u le . '

C .c r is p a  Jam es, was d e s c r ib e d  from  B r i t i s h  m a te r ia l  c o l le c te d  

by W ilson and d e s c r ib e d  by him, a p p a re n tly  in  m an u sc rip t o n ly , a s  

G . l a x i f o l i a  and G . t o r t i f o l i a . F r u i t  o f t h i s  sp e c ie s  was s a id  to  occur 

on ly  in  A m erica.

I n  1888 V aizey p u b lish e d  d e t a i l s  o f  p la n t s  c o l le c te d  a t  Broxbourne 

H e r tfo rd s h ir e ,  in  1886, and th o u g h t to  be com parable w ith  th e  Norwegian 

specim ens o f C. anomale Bryhn. The p la n t s  b o re  up to  fo u r  spo rogon ia  

i n  l a t e r a l  a s  w e ll  a s  in  te rm in a l p o s i t io n ,  o f  which th e  l a t t e r  

was no t in v a r ia b ly  th e  y o u n g es t. The Norwegian specim ens had been
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d e s c r ib e d  by Bryhn a s  a u to e c io u s  b u t  th re e  arrangem ents o f sex o rgans 

were found in  th e  Broxbourne m a te r ia l .  F i r s t l y  p la n t s  were found 

b e a r in g  a rch eg o n ia  o r young sp o ro p h y tes  b u t no a n th e r id ia ,  and were 

d e s c r ib e d  a s  d io e c io u s . Secondly a n th e r id ia  were found i n  th e  a x i l s  

o f  some le a v e s  and archego  n ia  i n  th e  a x i l s  o f  o th e r s  on th e  same p l a n t ,  

and th e se  were s a id  to  be a u to e c io u s .  T h ird ly  a n th e r id ia  and archego  n ia  

were form ed in  th e  a x i l s  o f  th e  same le a v e s  and so gave r i s e  to  

sy n oecious p e r i c h a e t i a .  V aizey o b se rv ed  th a t  th e  p la n t s  resem bled  

O .u n d u la ta  ex cep t f o r  th e  unusual number o f sp o ro p h y tes  form ed on 

each p la n t .  S ince  th e  s p e c i f i c  name C .anom ala had been  p re v io u s ly  

u sed  to  d e s c r ib e  a  d i f f e r e n t  p l a n t  from th a t  o f  Bryhn, V aizey 

su g g ested  th a t  th e  Norwegian and Broxbourne p la n t s  sh o u ld  be known 

a s  G . l a t e r a l i s  Va iz e y .

The moss f l o r a  now in  g e n e ra l  u se  in  B r i t a i n  i s  Dixon and 

Jam eso n 's  'S tu d e n t 's  Handbook o f B r i t i s h  M o sses .' Three e d i t io n s  

were p u b lish e d  in  1896, 1904, and 1924 r e s p e c t iv e ly .  I n  th e  1896 

e d i t io n  only  th re e  s p e c ie s  o f C a th e r in e a  were d e c r ib e d  i . e .

O .u n d u la ta  Web and M ohr., O .a n g u s ta ta  B r i d . , and G. c r i s p a  Jam es.

G .u n d u la ta  had ' Stems e r e c t  1-2 in c h e s  h ig h , le a v e s  s c a le - l ik e  

below , s tro n g ly  t r a n s v e r s e ly  u n d u la te  w ith  a  d i s t i n c t  m arg in , 

sh a rp ly  sp in o se  f o r  th e  g r e a te r  p a r t  o f th e  le n g th , low er s u rfa c e  

of th e  lam ina b e s e t  w ith  sp in e s  i n  t r a n s v e r s e  rows on th e  c r e s t s  

o f  th e  u n d u la t io n s , 3 -6  la m e lla e ,  i n  s e c t io n  each o f  3 -5  c e l l s ,  

in f lo r e s c e n c e  p a ro e c io u s , th e  male f lo w e rs  te rm in a tin g  th e  f i r s t



y e a r  stem , th e  a x is  o f which i s  su b se q u en tly  p ro lo n g e d  and n ex t y e a r  

p ro d u ces  a te rm in a l fem ale f lo w e r. S e ta  1-1^ in c h e s  lo n g , ca p su le  

s tro n g ly  a rc u a te  and in c l in e d  w ith  a  s u b u la te  l i d  a lm o st a s  long  a s  

th e  c a p s u le .* Of th e  two v a r i e t i e s  o f G .u n d u la ta  d e s c r ib e d ,

G .u n d u la ta  v a r^  m inor had 'S tem  s h o r t ,  le a v e s  l e s s  u n d u la te d , cap su le  

s h o r te r ,  s u b e re c t ,  u n eq u a l, on a  s h o r te r  s e ta .  I n  d r i e r  s to n y  p l a c e s . ' 

G .u n d u la ta  v a r  %H a u ssk n e c h tii  Dixon (C a th e rin e »  H a u ssk n e ch tii B r o th . , 

A trichum  H a u ssk n e c h tii  J u r .  and M ild e . ) was s a id  to  'Resem ble 

G .u n d u la ta  v e ry  c lo s e ly ,  b u t  more s le n d e r ,  ^-1 in c h  h ig h , th e  le a v e s  

somewhat more s h o r t ly  and o b tu se ly  p o in te d , th e  sp in e s  on th e  back 

s m a lle r .  I n f lo re s c e n c e  te rm in a l ,  p a ro e c io u s  o r  sy n o ec io u s , a n th e r id ia  

c e n t r a l ,  su rrounded  by a  row o f  a rch eg o n ia .  Two o r more c ap su le s  

produced from  th e  same p e r ic h a e tiu m . S ubsequen tly  th e  a x is  i s  p roduced  

so th a t  th e  f r u i t  s t a l k s  appear l a t e r a l ,  and a  new in f lo re s c e n c e  

and f r u i t  may be form ed a t  th e  f r e s h  apex th e  fo llo w in g  y e a r .  C apsule 

narrow ly  c y l in d r ic ,  s u b e re c t ,  h a rd ly  cu rv ed . Very r a r e .  B roxbourne, 

V aizey . ' Dixon added t h a t  th e  p la n t s  were g iv e n  a p ro v is io n a l  

v a r i e t a l  s t a tu s  o n ly , s in c e  he had n o t examined th e  specim ens 

c o l le c te d  by V aizey  i . e .  G . l a t e r a l i s  Va iz e y .

G .a n g u s ta ta  was d e s c r ib e d  a s  resem b lin g  'S m all form s o f 

G .u n d u la ta  , le a v e s  o b tu se , l e s s  u n d u la te , w ith  s m a lle r  a e r o la t io n ,  

th e  m argin  s e r r a t e  on ly  i n  th e  upper h a l f ,  la m e lla e  5 - 7 , iri s e c t io n  

5 -8  c e l l s ,  d io e c io u s , ca p su le  n e a r ly  e r e c t  and on ly  s l i g h t l y  a rc u a te  

o r a lm o st s t r a i g h t ,  narrow er in  p ro p o r t io n  to  i t s  le n g th  th a n  i n  

G .u n d u la ta .*



c . c r is p a  was s a id  to  grow in  'T u f ts ,  stem s 2 -4  in c h e s , le a v e s  

d i s t a n t ,  la r g e ,h a r d ly  a t  a l l  u n d u la te , b o rd e r  d e n ta te  from near th e  

b a se , la m e lla e  v e ry  low and i n d i s t i n c t ,  1 -4 , f re q u e n t ly  in te r r u p te d  

and v a n ish in g  i n  th e  low er h a l f  o f th e  l e a f ,  i n  s e c t io n  1-3 la r g e  c e l l s  . '  

The a e r o la t io n  was 'L a rg e r  th a n  i n  th e  p re v io u s  s p e c i e s . ' ( i . e .

G .u n d u la ta ) and th e  p la n t s  were 'D io e c io u s , a lth o u g h  on ly  male and 

s t e r i l e  p la n t s  have been  found in  B r i t a i n ,  grow ing on th e  s id e s  and 

beds o f  rocky  s tream s in  g r a s s  and sand . * A v a r i e ty  G. c r i s p a  v a r  

d e n s i f o l i a  L indb . was s a id  to  grow a t  Oakmere, C h esh ire . T h is  p la n t  

was dw arf and had 'L eaves crowded, b ro ad e r and more e l l i p t i c a l ,  p a tu l o u s . '

Dixon c o n s id e re d  th a t  a l l  th e  B r i t i s h  specim ens named 0 . t e n e l l a  

which he had examined were i n  f a c t  G .u n d u la ta  varfi m inor .The t r u e  

C .te n e l la  was 'D io e c io u s , o f  a  deep g re e n  c o lo u r , w ith  s h o r te r ,  

h a rd ly  u n d u la te d  le a v e s ,  w ith  few er la m e lla e  and a more in c l in e d  

c a p s u le . '

The 1904  and 1924 e d i t io n s  o f th e  Handbook d i f f e r e d  from each 

o th e r  o n ly  i n  th e  m ention o f  th e  * v a r i e ty  G .a n g u s ta ta  v a r^  rh y s to p h y lla  

(G.M. ) Dixon in  th e  1924 e d i t io n .  They b o th  d i f  e red  from, th e  e a r l i e r  

e d i t io n  i n  t h a t  m easurem ents o f l e a f  s iz e  and c e l l  s iz e  were g iv en  

in  th e  key f o r  th e  i d e n t i f i c a t i o n  o f s p e c ie s  and a ls o  in  th e  d e s c r ip t io n s  

o f  th e  s p e c ie s .  A lso a f u l l  d e s c r ip t io n  o f G ,t e n e l l a  a s  a B r i t i s h

s p e c ie s  was in c lu d e d . Under th e  d e s c r ip t io n  o f  G .u n d u la ta  in  th e  

1924  e d i t io n  was added 'L eaves 2-3 l i n e s  lo n g , c e l l s  o f  l e a f  and 

la m e lla e  l8 -2 2 u  in  d iam eter! Of th e  v a r i e ty  G .u n d u la ta  v a r ^ H a u ssk n ech tii 

Dixon s ta t e d  t h a t  i t  was b e t t e r  co n s id e red  a  s p o r t  th an  a t ru e
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v a r i e ty ,  e s p e c ia l ly  s in c e  th e  form  o f th e  in f lo r e s c e n c e  was such 

an u n s ta b le  c h a r a c te r  in  t h i s  s p e c ie s .  Under G .a n g u s ta ta  was added 

th e  in fo rm a tio n  'L ea f  c e l l s  and c e l l s  o f th e  la m e lla e  12-14u in  

d ia m e te r . ' The v a r i e ty  G .angus t a t a v a r^  R h y s to p h y lla  d i f f e r e d  from 

th e  s p e c ie s  in  having 'L eaves s tro n g ly  u n d u la te , s h a rp ly  to o th e d  b o th  

a t  m arg in  and back . K en t, Sussex , GoDown. ' Dixon, ws.s in  doubt a s  to  

th e  v a l i d i t y  o f  t h i s  v a r i e ty  and s a id  t h a t  i t  was connected  to  G .a n g u s ta ta  

by p l a n t s  o f in te rm e d ia te  c h a ra ,c te r . C* c r i  spa was s ta t e d  to  have 

'L e a f  c e l l s  25~45u in  d ia m e te r . ' The f u l l  d e s c r ip t io n  o f  C . t e n e l la  

was a s  fo llo v /s  'R esem bling G .un d u la ta  v a r ^  m inor, in  lo o se  t u f t s  ^--1 

in ch  h ig h , upper le a v e s  o b lo n g -la n c e o la te  o r l a n c e o la te ,  l4 -2  l i n e s  

lo n g , s c a rc e ly  u n d u la te , w ith  few o r no s p in e s  a t  th e  back , la m e lla e  

2 -4 , each o f  3-6  c e l l s ,  l e a f  c e l l s  l8 -2 7 u  i n  d ia m e te r . D io ec io u s , 

s e ta  s h o r t ,  l e s s  th a n  1 in c h , cap su le  v e ry  s h o r t ,  obovate  o r ob long .

On sandy o r  c lay ey  ground , v e ry  r a r e .  Bedgbury, K ent. ' In  a  no te  

Dixon corrrpared i t  w ith  G .u n d u la ta  v a r^  m inor, the  d i f f e r e n c e  ly in g  

in  th e  d io e c io u s  n a tu re  o f  C . te n e l l a .

W arn sto rf ( 19 1 4 ) , i n  a  p ap er on th e  d i s t r i b u t i o n  o f  b ryophy tes  

in  R u s s ia , in c lu d e d  a  no te  on th e  co m p o sitio n  o f th e  p e r ic h a e tiu m  

in  G .u n d u la ta  and G. H au ssk n ech tii (J u r  and  M ild e ,) B ro th e ru s . He 

had found p la n t s  o f  C. u n d u la ta  in  which e i t h e r  a rch eg o n ia  o r a n th e r id ia  

v/ere found in  th e  p e r ic h a e tiu m . In  such p la n t s  c ro ss  f e r t i l i z a t i o n  

v/ould p ro b ab ly  talze p la c e  even i f  subsequen t grow th o f th e  a x is  

produced  a  second p e r ic h a e tiu m  c o n ta in in g  o rgans o f th e  o p p o s ite  sex . 

P a ro ec io u s  p la n t s  were a ls o  found in  which b o th  k in d s  o f sex o rgans



were form ed on th e  same stem  b u t were s e p a ra te d  by developm ent o f th e  

shoot* Some p la n t s  had term ins.1 a n th e r id ia  w ith  o ld e r  a rch eg o n ia  

borne below  on th e  stem . In  t h i s  arrangem ent c ro ss  f e r t i l i z a t i o n  co u ld  

tak e  p la c e  more e a s i ly  th a n  s e l f  f e r t i l i z a t i o n .  I f  f e r t i l i z a t i o n  d id  

o c c u r , and a s c a r c i ty  o f sp o ro p h y tes  su g g es ted  th a t  i t  was a r a r e  

o c c u rre n c e , th e  cap su le  ap p eared  to  be l a t e r a l  in  o r ig in .  In  th e  more 

normal p a ro e c io u s  p l a n t s ,  hov/ever, th e  a rch eg o n ia  were bo rn e  above 

th e  a n th e r id ia  and th e  sporophy te  ap p eared  to  be te rra i na.l. Thus 

p u re ly  fem ale and p u re ly  male p e r i c h a e t i a  o cc u rre d  in  G .u n d u la ta , 

a s  w e ll a s  p e r ic h a e t ia  c o n ta in in g  b o th  male and fem ale o rg a n s . In  

C .H au ssk n ech tii th e  p e r ic h a e tiu m  was a p p a re n tly  sy n o ec io u s, th e  a rch e g o n ia  

and a n th e r id ia  d ev elop ing  s im u lta n eo u s ly  in  th e  a x i l s  o f th e  le a v e s .

In  th e s e  p e r ic h a e t ia  th e  a rch eg o n ia  ten d ed  to  l i e  tow ards th e  p e r ip h e ry  

o f th e  g ro u p . I n  such an arrangem ent s e l f  f e r t i l i z a t i o n  cou ld  e a s i ly  

tak e  p la c e .  P la n ts  were found hov/ever, w ith  p u re ly  fem ale p e r i c h a e t i a .  

U su a lly  s e v e ra l  sp o ro p h y tes  were form ed i n  a s in g le  p e r ic h a e tiu m  

and su b seq u en t grow th o f th e  a x is  made them appear l a t e r a l .  S in g le  

sp o ro p h y tes  which ap p eared  te rm in a l were a ls o  observed . W arnsto rf 

concluded  t l ia t  p la n t s  o f  G .u n d u la ta  and C .H au ssk n ech tii co u ld  no t 

be s e p a ra te d  on p e r ic h a e ta l  c h a ra c te r s  o r  l e a f  morphology a lo n e .

The o n ly  c o n s ta n t d if f e r e n c e  la y  i n  th e  d iam e te r o f  th e  sp o re s , t h a t  

o f G .u n d u la ta  be in g  l6 -2 4 u  and th a t  o f  C .H au ssk n ech tii 8-1

Herzog (1926) s t a t e d  t h a t ,  i n  E urope, C .H au ssk n ech tii su p p la n te d  

C .u n d y la ta  on th e  so u th e rn  s lo p e s  o f th e  T ranssilvan ian  A lps and th a t  

in  th e  N o rth ern  range i t  was one o f th e  dom inant m osses o f th e

10



bryophy te  f l o r a .  C * te n e lla  was found o n ly  on th e  A t la n t ic  c o a s t  o f  

Europe i n  a r e s t r i c t e d  ra n g e , and C .c r i s p a  on ly  i n  B r i t a i n  and N orth 

Am erica.

The d e c is io n  o f th e  I n te r n a t io n a l  B o ta n ic a l  C ongress t h a t  

b ryophy te  nom enclature shou ld  u se  as  a s t a r t i n g  p o in t  Hedwig' s 

'S p e c ie s  M uscorum'( I 8O I) o r L in n a e u s 's 'S p e c ie s  P la n ta ru m ' (1753) f o r  

t ru e  m osses and Sphagna r e s p e c t iv e ly ,  has r e s u l t e d  in  th e  genus 

C a th e r in e a  nov/ b e in g  known a s  Atrich u m  P .B eauv.

I n  th e  'A n n o ta ted  L i s t  o f  B r i t i s h  M osses*(1950) com piled  by 

R ich a rd s  and W allace , th e  fo llo w in g  s p e c ie s  o f  Atrich u m  a re  l i s t e d .

1 ) , A. c r i  spurn (Jam es) S u l l .

2 ) .  A .undulatum  (Hedv/. )P .B eauv.

^m inus (Lam.and B.C. ) Web.and Mohr.

Y h a u s sk n e c h ti i  ( J u r .a n d  M ild e .) P ry e .

3 ) .  A .angu sta tu m  (B r id .)B .a n d  S.

^ rh y sto p h y llu m  (C .M .) R ic h a rd s  and W allace.com b.nov.

4 ) . A .ten e llu m  (R oh l) B .and S.

The most r e c e n t  work on th e  genus in  B r i t a in  has been c a r r ie d  

o u t by Rose (1 9 5 0 ). H is  p ap er was concerned  m ainly  v d th  A .undulatum  

and A .angustatum  , b u t A .ten e llu m  was a ls o  m entioned* Leaves o f 

A .undulatum  u s u a lly  had f iv e  o r  s ix  Isjm ellae , r a r e ly  seven , w h ile  

th o se  o f  A .angustatum  u s u a lly  had f iv e ,  b u t  o c c a s io n a lly  fo u r  o r six*

The c a p su le s  o f th e  l a t t e r  were o f te n  as  s rc u a te  a s  th o se  o f A .undulatum  

b u t were alirvays sm a lle r  and more s le n d e r .  The l e a f  c e l l s  of  A .angustatum
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were 10 - l 8 u and th e  sp o re s  11 . 3 u in  d ia m e te r , v /hile th e  l e a f  c e l l s  

o f  A.undulatum  were 18-25u and th e  sj^ores 2 l# 7 u . These r e s u l t s  

were b ased  on v e ry  sm all sam ples. P la n ts  c o l le c te d  by Rose from 

Combwell Wood K en t, were i d e n t i f i e d  by C ro ss lan d  a s  A .undulatum  v a r  

^minus . The gam etophyte s  were ab o u t th e  s iz e  o f  th o se  o f  A .angustatum  

b u t ag re ed  s t r u c t u r a l l y  w ith  A .undulatum  » v /h ile  th e  c a p su le s  resem bled  

A .undulatum  i n  form  b u t were r a th e r  s m a lle r .  L eaf c e l l s  were o f  th e  

same s iz e  range  as  A .undulatum  b u t th e  av erag e  spore  d iam ete r was 

o n ly  13*3u, and many o f  th e  sp o res  were dead and s h r iv e l l e d .  A h y p o th e s is  

t h a t  th e  p la n t s  o r ig in a te d  from  ' s tu n te d  fem ale gam etophytes o f  

A .undulatum  b e in g  f e r t i l i z e d  by male p la n t s  o f A .angusta tum ' was 

advanced i n  t h i s  p a p e r . Of A .ten e llu m  , c o l le c te d  in  K en t, Rose s ta t e d  

'The le a v e s  were b ro ad , o v a te  and s c a rc e ly  u n d u la te , w ith  2-A la m e lla e  

and fev/ weak s p in e s  on th e  lam in a . * A r e l a t io n s h ip  betw een A. ten e llu m  

and A. crispum  was su g g e s te d .

Lowry ( l9 5 4 )  a f t e r  exam ining American specim ens o f  th e  genus 

A tric h u m , s ta t e d  t h a t  th e  s p e c ie s  d i f f e r r e d  on ly  q u a n t i t a t iv e ly  

from each o th e r .  A. c r ip  sum had 'S tem s up to  3cms, upper le a v e s  

o v a l-o b lo n g  to  la n c e o la te -o b lo n g , l e s s  th a n  5 inms long  and 1mm w ide, 

smooth o r s l i g h t l y  u n d u la te , lam ina no t to o th e d  a t  th e  b ack , m argin 

s e r r a t e  to  h a l f  o f th e  le n g th , t e e th  s in g le  o r d o u b le , l e a f  c e l l s  

20-23u in  d ia m e te r , la m e lla e  0 -3 , 1-3 c e l l s  h ig h . P la n ts  u n ise x u a l, 

sp o re s  l6 -2 0 u  in  d ia m e te r . ' He c o n s id e re d  A .angustatum  and 

A.xanthopelmum to  be th e  same s p e c ie s  th e  l a t t e r  m erely  having 

p a p i l lo s e  c e l l  w a l ls .  A .angustatum  had 'S tem s up to  3cms r a r e ly
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b ran ch ed , upper le a v e s  4 ~5mfns lo n g , 0 . 6 . - 0 . 75 irans w ide, u n d u la te  w ith  

t e e th  on th e  back o f th e  u n d u la tio n s , l e a f  c e l l s  10- 13u i n  d ia m e te r , 

la m e lla e  4 -7 , 7-9  c e l l s  h ig h . P la n ts  u n is e x u a l,  sp o re s  1 0 -I 4 u  i n  d ia m e te r .*  

These c h a r a c t e r i s t i c s  were s ta t e d  by Lov/ry to  be th e  same a s  th o se  

o f  th e  Jap an ese  m a te r ia l  examined by K u r i ta  (1937)* Of two r a c e s  

o f  A .undulatum , one (N=7) was u n ise x u a l and th e  o th e r  (N=1if) b is e x u a l .

They were in d is t in g u is h a b le  m o rp h o lo g ica lly  and h is  d e s c r ip t io n  

was a s  fo llo w s  'P la n t s  up to  8 cms r a r e ly  b ran ch ed , upper le a v e s  

5 - 9mms lo n g , 1 . 0 - 1 . 3 iKns w ide, u n d u la te  w ith  t e e th  on th e  backs o f 

th e  u n d u la t io n s ,  m argin  s e r r a te  a lm o st from th e  b a se , m ost o f  th e  t e e th  

d o u b le , l e a f  c e l l s  l8 -4 0 u  i n  d ia m e te r , la m e lla e  2 - 6 , 2 -6  c e l l s  h ig h .

P la n ts  b isex u a l(N =  14) o r  u n ise x u a l (N=7). S pores 9-23u in  d ia m e te r . ' 

A .undulatum  v a r^  m inus was d ism isse d  a s  a  d ep au p era te  form  of th e

S ])ecies, n o t a  t ru e  v a r i e ty ,  and F rye quo ted  i n  su p p o rt o f  t h i s  v iew . 

A .Selw yni was no t examined b u t from d a ta  o b ta in e d  from o th e r  p u b l ic a t io n s  

Lowry supposed i t  to  be a u n ise x u a l ra c e  o f A .undulatum .

I t  i s  i n t e r e s t i n g  to  no te  t h a t  a lth o u g h  A .crispum  and A .angustatum  

b o th  showed a ran g e  o f i n  c e l l  s iz e  and Lii in  spore  s iz e ,  th e  

N=14 and N=7 specim ens o f  A .undulatum  examined by Lowry showed a 

ran g e  o f 22u in  c e l l  s iz e  and 14u in  spore  s iz e .  Lowry however, d id  not 

comment on t h i s  f a c t .

The fo llo w in g  d e s c r ip t io n s  o f th e  s p e c ie s  a re  com piled from 

th e  d a ta  a lre a d y  given*

A. c risp u m (Jajne s ) S u l l .

H eig h t up to  1Ocras, upper le a v e s  d i s t a n t ,  oblong la n c e o la te .
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up to  3 mms long  and 1mm vade, h a rd ly  u n d u la te , no sp in e s  on th e  lam in a , 

m argin d e n ta te  from n ear th e  b a s e , la m e lla e  0- 3 , 1 -3  c e l l s  h ig h , 

o f te n  in te r r u p te d ,  l e a f  c e l l s  20-45u in  d ia m e te r . P la n ts  d io e c io u s , 

on ly  male and s t e r i l e  p la n t s  so f a r  found in  B r i t a in .  F e r t i l e  m a te r ia l  

found in  Am erica. C ap su les  e r e c t ,  sp o re s  l6 -2 0 u  in  d ia m e te r . On th e  

s id e s  and beds o f  rocky  s tream s.

A .crispum  v a rp  d e n s ifo liu m  L indb.

P la n ts  s h o r te r  th a n  th o se  o f A .crisp u m , le a v e s  crowded, b ro ad e r  

and more e l l i p t i c a l .  Found a t  Oakmere, C h esh ire .

A .angustatiim (B r id j  B. and 8 .

P la n ts  up to  3cms in  h e ig h t ,  r a r e l y  b ran ch ed , upper le a v e s  

4 - 5nnns lo n g , 0 . 60 - 0 *75mms w ide, le a v e s  s c a rc e ly  u n d u la te  (e x c e p t in  

A m erican and Jap an ese  m a te r ia l )  w ith  s p in e s  on th e  back o f th e  lam in a , 

la m e lla e  4 -7 ,  7 - 9 c e l l s  h ig h , l e a f  c e l l s  10 -I8u  in  d ia m e te r . P la n ts  

d io e c io u s ,  cap su le  e r e c t  o r s u b e re c t ,  narrow  in  p ro p o r t io n  to  i t s  

le n g th .  Spores 10-14u i n  d ia m e te r . Found on sandy o r c la y ey  s o i l  

in  woods.

A .angustatum  var^^ rb y s to p h y llu m (C.M) R ich a rd s  and W allace.

Leaves u n d u la te , sh a rp ly  to o th e d  a t  th e  back and m arg in .

A .ten e llu m  (R ohl) B .and S.

P la n ts  up to  2.5cms in  h e ig h t ,  upper le a v e s  Amms long  not 

u n d u la te , few  sp in e s  on th e  lam ina , m argin s e r r a t e ,  la m e lla e  2 -4 , 3 -6  

c e l l s  h ig h . L eaf c e l l s  l8 -2 7 u  in  d ia m e te r . P la n ts  d io e c io u s . C apsule 

sm a ll, o b ovate , s l i g h t l y  in c l in e d .  Found on damp, sandy o r c lay ey  s o i l ,
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A .undulatum . (Hedw. )P .B eauv.

P la n ts  up to  8 cms in  h e ig h t ,  upper le a v e s  5-9mms lo n g , m argin 

s e r r a t e ,  la m e lla e  2 -7 ,2 -6  c e l l s  h ig h . L eaf c e l l s  l8 -2 3 u  in  d iam e te r 

in  B r i t i s h  m a te r ia l ,  l8 -4 0 u  in  Am erican m a te r ia l .  In f lo re s c e n c e  

a u to e c io u s  b u t o f te n  a p p a re n tly  d io e c io u s  in  B r i t i s h  p l a n t s ,  s u b je c t  

to  much v a r i a t io n .  American p la n t s  monoecious o r d io e c io u s  depending 

on vAiether they  a re  th e  N=.14 o r N=7 r a c e .  C apsule s tro n g ly  a r c u a te ,  

sp o res  16~ 24u  in  d iam e te r in  B r i t i s h  m a te r ia l ,  9-23u in  American 

m a te r ia l .

A .u n d u la tum v a r ^  m inus. (Lam, and D. Ĉ  Yfeb.and Mohr.

P la n ts  sm a lle r  in  every  way th a n  th e  s p e c ie s .

A .undulatum  v a r^  ha u s s k n e c h ti i  ( J u r .a n d  M ild e )P ry e .

P la n ts  up to  2.5cms in  h e ig h t ,  s le n d e r ,  le a v e s  resem b lin g  

th o se  o f  A .undulatum  b u t  m t h  sm all s p in e s  on th e  lam in a . P la n ts  

m onoecious, p e r ic h a e tiu m  synoecious o r  p a ro e c io u s , c a p su le s  resem b lin g  

A .undulatum , spo re  d iam e te r 8 -15u . O ccurring  in  Europe in  m ountainous 

d i s t r i c t s .
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CHAPTER I I .

REVIEW OF THE LITERATURE RELATING TO THE CYTOLOGY OF THE BRYOPHYTES.

E a r l i e r  c y to lo g ic a l  in v e s t ig a t io n s  o f b ry o p h y tes  d e a l t  m ainly  

w ith  l iv e r w o r ts .  T h is  has been  e s p e c ia l ly  t r u e  w ith  re g a rd  to  m e io tic  

phenomena, a lth o u g h  Varaama h ;s  r e c e n t ly  in v e s t ig a te d  m e io s is  in  

m osses in  g r e a t  d e t a i l .

A llen  ( 1 9 1 7 , 1 9 1 9 ) working on S p h aero carp o s , was th e  f i r s t  to  

d e s c r ib e  th e  d i f f e r e n c e  in  morphology o f th e  chromosome complements 

o f th e  male and fem ale p la n t s .  He found a s in g le  e x c e p tio n a lly  sm all 

chromosome in  th e  m ale s e t  and a s in g le  e x c e p tio n a lly  la r g e  chromosome 

in  th e  fem ale s e t  and i d e n t i f i e d  th e se  a s  Y and X chromosomes r e s p e c t iv e ly .

H e i tz ( 1 928 ) in v e s t ig a te d  many b ry o p h y te s  w ith  re g a rd  to  th e  

o ccu rren c e  o f h e te ro p y c n o tic  m a te r ia l  in  th e  n u c leu s , and observed  

t h a t  th e  sex chromosomes, w herever i d e n t i f i e d ,  showed s tro n g  h e te ro p y c n o s is  

and rem ained  a s  s ta in in g  g ra n u le s  in  th e  r e s t in g  n u c leu s . In  

P e l l i a  e p ip h y lla  , which i s  m onoecious, th e  la rg e  sym m etrical f i f t h  

chromosome was h e te ro p y c n o tic  f o r  most o f  i t s  le n g th ,  w h ile  in  th e  

v a r i e ty  P e l l i a  e p ip h y lla  v a r  b iv a la n s  two such chromosomes were 

v i s i b l e .  In  P e l l i a  R eesian a  t h i s  h e te ro p y c n o tic  chromosome was th e  sex 

chromosome, sym m etrical in  th e  fem ale b u t no t in  th e  m ale. Only 

one moss, C eratadon  purpureus , had sex chromosomes, a lth o u g h  one 

o r more h e te ro p y c n o tic  chromosomes were p r e s e n t  in  s e v e ra l  o th e r s .

In  th e  P o ly t r i c h a le s , P o ly trich u m  commune, P .p i l i f e ru m  and 

Pogonatum urnigerum  had seven  chromosomes, o f which one was
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h e te ro p y c n o tic ,  P o ly t r i chum g r a c i l e  tw elve  to  fo u r te e n  chromosomes 

o f wliich two were h e te ro p y c n o tic , and C a th e r in e a  u n d u la ta  tw enty  to  

tw enty  two o f  which th re e  ,/ere h e te ro p y c n o tic . P re v io u s ly ( 192?)

N=14-16 had been re c o rd e d  f o r  O .u n d u la ta .

In  Ja p a n , Shimotomai and Koyama (1932) in v e s t ig a te d  th e  chromosome 

numbers o f s e v e ra l  mosses and found th a t  Pogonatum co n to rtu m ,

P .in f le x u m  and P o ly trich u m  formosum a l l  had N=7«

Jachim sky (1935) re p e a te d  th e  work o f H e itz  and en la rg ed  i t  

in  c e r t a in  r e s p e c t s .  He was a b le  to  id e n t i f y  sex chromosomes in  

C era tadon  -purpureus, where b o th  were l a r g e r  th an  th e  autosom es, 

and i n  Mnimn p u n c ta  turn where b o th  were sm a lle r  th a n  th e  au tosom es. ,

He a ls o  d e s c r ib e d  h e te ro p y c n o tic  chromosomes in  Mnium hornum, Bryum 

argenteum  and D. c a p i l l a r e  . He was unab le  to  f in d  sex chromosomes 

in  B arbul a  u n g u ic u la ta , Bryum c a e s p it ic iu m  and Pogonatum a lo id e s .

K u i'ita  ( 1 9 3 7 ) in v e s t ig a te d  th e  chromosomes o f s e v e ra l  m osses 

and confirm ed th a t  th e  sex cliromosomes, v/here d is t in g u is h a b le  from 

th e  autosom es by t h e i r  s iz e  o r shape , were alw ays h e te ro p y c n o tic .

A count o f N=7 was g iv e n  f o r  A .angustatum .

No f u r th e r  c y to lo g ic a l  work on m osses was d e s c r ib e d  u n t i l  

1943 when H e itz  p u b lish e d  a  note on th e  c o r r e la t io n  o f p o ly p lo id y  

and c l a s s i f i c a t i o n  in  th e  European sp e c ie s  o f Mnium. However d u rin g  

th e  p e r io d  1930-40 many p a u e rs  were p u b lish e d  on th e  cy to lo g y  o f th e  

h e p a t ic s .  From th e se  works i t  ap p ears  th a t  an eu p lo id y  i s  a  r a r e  

occu rren ce  in  h e p a t ic s .  The o n ly  n a tu r a l ly  o c c u rrin g  example, 

P a l l a v ic in ia  L y e l l i i ,  was found (W olco tt 1940) a s  N=8 and N=9 ra c e s .
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These numbers were due to  i r r e g u la r  m e io s is  in  th e  c a p s u le s . P o ly p lo id  

fo rm s, however occu r more f r e q u e n t ly .  H e itz  (1928) r e p o r te d  N=14-15 

fo r  R ic c ia  f l u i t a n s  w h ile  Tatuno (1941) found N=8 . The l a t t e r  a ls o  

found t h a t  Durnorti e ra  hi r s u t a  o cc u rre d  as  h a p lo id , l i p l o i d  and t r i p l o i d  

ra c e s  in  Ja.pan, each having a s e p a ra te  r e s t r i c t e d  ra n g e .

The o ccu rren ce  o f th e se  p o ljrp lo id  ra c e s  has been e x p la in e d  

in  v a r io u s  ways. Spontaneous doub ling  o f  the  chromosome number may 

ta k e  p la ce  in  som atic  c e l l s  o f  th e  gam etophyte (Mackay 1937) o r in  

th e  spo rophy te  ( Knapp 1936). Only in  Calobryiun r o t  u n d ifo liu m  however, 

has an  a n a ly s is  o f  m e io sis , p r io r  to  dyad fo rm a tio n , been made.

Tatuno (1935) found t h a t  a f t e r  th e  f i r s t  m e io tic  d iv i s io n  a r e s t i t u t i o n  

n u c leu s  was formed which th e n  d iv id e d  to  form  two d a u g h te r  n u c le i ,  

each o f which was in c lu d e d  in  a  sp o re . M archai ( l 9 l l )  found t h a t  

r e g e n e ra t io n  o f sp o ro p h y tic  t i s s u e  o f te n  gave r i s e  to  a protonem a 

w hich had a 'l ip lo id  chromosome number. P la n ts  a r i s in g  from  such a 

protonem a were d ip lo id  and showed a reduced  f e r t i l i t y .  T h is  s t e r i l i t y  

was overcome in  a d ip lo id  c lone  of Bryum c a e s p it ic iu m  (W e tts te in  1937, 

1940 ,  1942 .) v/here, a f t e r  many g e n e ra t io n s  th e  ’g ig a s ’ c h a ra c te r s  

were l o s t  and normal f e r t i l i t y  r e s to r e d .  W e tts te in  a ls o  found t h a t  i f  

th e  h a p lo id  p la n ts  were d io e c io u s , th e n  th e  re g e n e ra te d  d ip lo id  

p l a n t s  were l e s s  i r r e g u l a r  in  sex erepression . I t  i s  o f i n t e r e s t  to  

no te  t h a t  A llen  (1935) s ta t e d  t h a t  re g e n e ra tio n  o f sp o ro p h y tic  t i s s u e  

d id  n o t talee p la c e  in  th e  Poly  t r i  c h a le s .

Turning to  more r e c e n t  work, Lowry in v e s t ig a te d  th e  occu rren ce  

o f p o ly p lo id y  in  th e  American sp e c ie s  o f  th e  genus Mnium. He found
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t h a t  th e  (?rouo o f  TvWums w ith  no te e th  on th e  b o r - 1er o f  th e  l e a f

had a chromosome number b ased  on seven . The doub le  and s in g le  to o th e d

ivlniums a l l  had a  b a s ic  chromosome number o f  s ix ,  and th e  s p in d le

a tta c h m e n t was su b te rm in a l o r  te rm in a l  in  th e  doub le  to o th e d  g roup  b u t

co u ld  n o t be d i s t in g u is h e d  in  th e  s in g le  to o th e d  g ro u p . Mnium M e n z ie s ii

had N=5 and so was d i s t i n c t  from  b o th  g ro u p s . For t h i s  re a s o n  Lowry

c o n s id e re d  t h a t  i t  would be b e t t e r  to  r e c l a s s i f y  i t  in  L euco lep i s .

In  th e  doub le  to o th e d  g roup  he found  t h a t  Mn. o r t horhynchum and

M n.m arginatum , w hich were d io e c io u s  and sy n o ec io u s  r e s p e c t iv e ly ,

had N=6 and N=12. T here were 2587  c e l l s  p e r  mm in  th e  l e a f  o f
2

Mn.orthorhynchum  and o n ly  2349 p e r  mm in  Mn.marg in a tu rn . These f a c t s  

combined w ith  f i e l d  o b s e rv a t io n s ,  su g g e s te d  t h a t  th e  p l a n t s  were 

a p o ly p lo id  p a i r ,  o f  w hich M n .m arg i na turn was th e  a u to d ip lo id  o f  

M n.orthorhynchum . S im i la r ly ,  d io e c io u s  M n.cuspidatum  and sy n o ec io u s  

Mn. cu sp id a tu m , d io e c io u s  I£n.a f f i n e  and sy n o ec io u s  Mn.medium a l l  

ap p eared  to  be h a p lo id  and d ip lo id  members o f  such p o ly p lo id  p a i r s .

In d eed  Andrews had e a r l i e r  c o n s id e re d  Mn. p u n c ta  turn and 

M n.pseudopunctatum  to  be form s o f  th e  same s p e c ie s .  In c lu d e d  i n  th e  

same p a p e r  i s  a  r e c o rd  o f  N=7 f o r  A .angusta tum  and N=14 f o r  A .undulatum .

Varaama (1 9 5 3 ) ,w orking on F in n is h  m osses, found t h a t  th e  chromosome 

number in  A. te n e llu m  was N=14.

Yano ( 19 5 1 , 1 9 5 3 ) ,  w orking in  Ja p a n , in v e s t ig a te d  th e  form o f  

th e  sex  chromosomes in  s p e c ie s  o f  P o ly trich u m  and found t h a t  N=7 

in  f iv e  d io e c io u s  s p e c ie s .  The sex  chromosomes were r e p re s e n te d
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by th e  l a r g e s t  chromosome o f  each s e t  and were h e te ro p y c n o tic ,  b u t  

no d i f f e r e n c e  c o u ld  be seen  betw een th e  X and. Y chromosomes. In  

P .y ezo en e n se , w hich was m onoecious, th e r e  were fo u r te e n  chromosomes 

o f w hich two were h e te ro p y c n o tic ;  th e s e  he i d e n t i f i e d  a s  sex  chromosomes.

T a tu no (1953 , 1954) a ls o  w orking on th e  P o ly t r i c h a i e s , p u b lis h e d  

a co u n t o f  N=7 f o r  Ja p a n e se  m a te r ia l  o f  A .angusta tum  . In  b o th  sex es  

he found N=7= 1H(v ) +3V +2J +1m (h), th e  H chromosome b e in g  th e  l a r g e  sex 

chromosome. No m o rp h o lo g ica l d i f f e r e n c e  betw een th e  X and Y chromosomes 

o c c u rre d . He found  t h a t  in  h i s  m a te r ia l  o f  A .undulatum  th e re  w ere 

tw en ty  one chromosomes and th a t  two X and one Y chromosomes were 

p r e s e n t  in  th e  gam etophyte c e l l s .  P la n t s  o f A .undulatum  var/S m inus 

had a chromosome coun t o f  N=7.

Lowry ( l9 5 4 )  exam ined c e r t a i n  s p e c ie s  o f  A trichum  o c c u r r in g  

in  A m erica. A .crispurn  was s t r i c t l y  d io e c io u s  w ith  seven chromosomes 

in  th e  gam etophy te , o f  which fo u r  v/ere long  (4*2~6.2u) and  th r e e  

s h o r t  ( 2 . 5 - 3 * 4 u ) .  A .angusta tum  and A.xanthopelmum w ere c o n s id e re d  

to  be two form s o f  th e  same s p e c ie s ,  b o th  having  a chromosome co u n t 

o f  N=7 o f  which fo u r  chromosomes were long  (4 .0 ~ 6 .4 u )  and th re e  s h o r t  

( 2.8-3*51-1 ) .  M onoecious p l a n t s  o f  A .u n d u la tu m c o l l e c te d  in  

South  . l ic h ig a n  and T enessee  had N=14 b u t d io e c io u s  p l a n t s ,  

i d e n t i c a l  in  m orphology and o c c u rr in g  o n ly  i n  N orth  M ich igan , had 

N=7* He c o n s id e re d  A .Selw yni to  be i d e n t i c a l  w ith  A .undulatum , 

e x ce p t t h a t  th e  fo rm er i s  d io e c io u s  and th e  l a t t e r  u s u a l ly  m onoecious, 

and su g g es te d  th a t  A .Selw yni m ight be a  ra c e  o f  A .undulatum  w ith  N=7.
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He c o n s id e re d  t h a t  A ,crispurn , A .angusta tum  and A .undulatum  a ro se  

f i r s t  a s  an  N=7 ra c e  which th e n  p ro d u ced  th e  N=14 ra c e  by ap o sp o ry . 

The tr i jD lo id  European and A sian  r a c e s  o f  A. u n d u la t’um th e n  a ro se  

by h y b r id iz a t io n  betw een  th e  ÎT=7 and N=14 r a c e s  fo llo w e d  by ap o sp o ry .
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CHAINER. IT I.

KËTHQT̂ S OF I NYÎMLMGATI ON.

1 ) .  Morpho1o g i c a l .

H erbarium  m a te r ia l  was o b ta in e d  th ro u g h  th e  c o u r te sy  o f th e

K eeper o f  B otany a t  th e  B r i t i s h  Museum (N a tu ra l  H is to ry * )*

The av e rag e  h e ig h t  o f  p l a n t s  o f  a  s in g le  c o l l e c t i o n  was found

by m easuring  tv /enty  p la n t s  a t  random ex cep t where o th e rw ise  s t a t e d

i n  th e  t e x t .  The l e a f  d im ensions were found  by a v e rag in g  th e  maximum

le n g th s  and  w id th s  o f  f iv e  o f th e  l a r g e s t  le a v e s  from  each  o f th e s e

p l a n t s .  H erbarium  specim ens were m easured by means o f a  s c a le  re a d in g

to0.02cm s* These same le a v e s  were u sed  to  f in d  th e  av e rag e  number
2

o f la m e lla e  on th e  n e rv e , s p in e s  on th e  lam ina  and c e l l s  p e r  ram

o f l e a f  s u r f a c e .  The number o f  c e l l s  was c a lc u la te d  from  co u n ts

o f  c e l l s  p e r  0 .0 8 sq  rams f o r  A .crispu rn , 0 .0 4  sq  rams f o r  A .te n e llu m

and A.undula tu m  an d , b ecause  o f  th e  sm all s iz e  o f th e  c e l l s ,  0 .0 2  sq  rams

f o r  A .angu s ta tu m • I f  p o s s ib le  th e  arrangem en t o f  th e  sex o rg an s

was a s c e r ta in e d .  Vfhenever p o s s ib le  th e  d im ensions o f  tw en ty  sp o ro p h y te s

were m easured a s  w e ll  a s  th e  a n g le  betw een th e  s e ta  and a l i n e  drawn

p e rp e n d ic u la r ly  th rough  th e  mouth o f  th e  c a p s u le .  The av e rag e  d ia m e te r

o f  th e  r ip e  sp o re s  was found, by m easu ring  200 soaked sp o re s  from

each capsu le*
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2 ) . Cyt o l o g i c a l •

M a te r ia l  was c o l l e c t e d  and  grov/n f o r  a t  l e a s t  a  week u n d er 

warm, dsinp c o n d i t io n s ,  p r i o r  to  f i x a t i o n  . T h is  t r e a tm e n t  r e s u l t e d  

in  a n  in c r e a s e d  r a t e  o f  m i t o t i c  d i v i s i o n .  The d iv i s io n s  o c c u r re d  

m ain ly  a t  n ig h t  o r  i n  th e  e a r ly  m orning  and  even  a t  th e s e  tim e s  

th e  number o f  d iv id in g  c e l l s  was s m a ll .  V a r io u s  r e a g e n ts  w ere u se d  

to  m ac e ra te  th e  m a te r ia l  b u t  none s e p a r a te d  th e  c e l l s  from  one a n o th e r  

w h ile  le a v in g  th e  s t a in in g  c a p a c i ty  o f  th e  n u c le i  unchanged . To 

o b ta in  c l e a r  m i t o t i c  s ta g e s  i n  v/hich th e  number o f  chromosomes c o u ld  

b e  c o u n te d  w ith  some c e r t a i n t y ,  i t  was n e c e s s a ry  to  embed th e  f ix e d  

m a te r ia l  i n  p a r a f f i n  wax, s e c t io n  th e  a p ic e s  and p e r i c h a e t i a  a t  

r i g h t  a n g le s  to  th e  young l e a v e s ,  and s t a i n  th e  r e s u l t i n g  s e c t io n s .  

F ix a t io n  was c a r r i e d  o u t  u s in g  K arpechenko*s m o d if ic a t io n  o f  N av/ashins 

s o lu t io n ,  and s t a i n i n g  was by th e  C r y s ta l  V i o l e t -  Chrom ic Acid 

te c h n iq u e .

F o r th e  e x a m in a tio n  o f  th e  r e s t i n g  n u c le i  o f  many p l a n t s ,  i t  

■was s u f f i c i e n t  to  f i x  m a te r ia l  i n  1-3  a c e t i c - a l c o h o l  f o r  two h o u rs  

and s t a i n  in  a  s a tu r a t e d  s o lu t io n  o f  a c e to - o r c e in .

To o b ta in  m e io t ic  f i g u r e s ,  sp o re  m other c e l l s  w ere sq u ash ed  

in to  a c e to - o r c e in  w hich b o th  f ix e d  and  s t a in e d  them . The c o n t r a s t  

betw een  c y to p la sm  and  chromosomes i n  p o o r ly  s ta in in g  m a te r ia l  was 

in c r e a s e d  by h e a t in g  th e  p r e p a r a t io n s  to  j u s t  below  th e  b o i l i n g  p o i n t  

o f  th e  s t a i n .  T hese m ounts w ere exam ined, draw n an d , w h erev er p o s s i b l e ,  

p h o to g ra p h ed , b e f o re  b e in g  made perm an en t i n  E u p a ra l V e r t .
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CHAPTER IV.

EXAMINATION OF THE SPECIES OF ATRICHUM OCCUERINCt IN  BRITAIN.

I* A trichum  c r isp u m (Jam es) S u l l .

(C . c r i s p a  Jam es) 

A trichum  c r i  spurn v a r  f> d e n s i f o l i a  L in d b .
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1 ) .  K xaia ina tion  o f h e rb a riu m  sp ec im en s.

T h ree  c o l l e c t i o n s  c o n ta in e d  i n  N ix o n 's  h e rb a riu m  w ere exam ined 

and  th e  d a ta  obt^^ined a r e  su om arized be low . P l a n t s  i n  a l l  c o l l e c t i o n s  

b o re  many i n t e r c a l a r y  a n t h e r i d i a l  p e r i c h a e t i a .  The p l a n t s  from  

H a l i f a x  b o re  n e i t h e r  c a p s u le s  nor a rc .h eg o n ia  b iit  th o s e  from  T e n e ssee  

and Long T s lan d  v/ere a b u n d a n tly  f e r t i l e .  No a r c u a te  c a p s u le s  v/ere 

found  and th e  s p o re s  in  th e  r i p e  c a p s u le s  w ere r e g u l a r l y  sh ap ed  

and  g re e n  i n  c o lo u r .

T ab le  1 . L am etophy te .

C o l l e c t io n

L o n g Is la n d  
I r o n t

le n e s s e e
?-harp_jl935

f a l l f a x  
Brown 19

H e ig h t
cms_

2.8

2.1

2 .8

S porophyt e .

ï o l l e c t i c n

Long I s l a n d

T enessee

S e ta
cms

1.2

1.1

L eaf s iz e  la m e lla e  S p in e s  C ells/rnm  
cmd

.•(92x.20

.70X .20

.28X .10

.20X .10

1

0

0

0

0

0

920

1200

900

C ap su le  / v / i t h  s e ta  S pore d ia m e te r  
cms u

180

180 '

18
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2 ) .  C o l l e c t io n  o f  l i v i n g  m a t e r i a l .

P l a n t s  w ere c o l l e c t e d  from  th e  banlcs o f  th e  v a r io u s  sh a llo w  

s trea m s on D a r tm o o r;th e  l a r g e s t  c o l l e c t i o n  was made from  th e  R iv e r  

D a rt b e lo w  W istm an 's  Wood. A .c risp u rn  o c c u r re d  o n ly  i n  open s t r e t c h e s  

o f th e  r i v e r s  and  g rew  i n  th e  g r a s s  on th e  r i v e r  banks and on th e  b a r e  

p e a t  s id e s  o f  th e  s tr e a m s . No p l a n t s  wrere fo u n d  grow ing  betw een  

H olne Chase and H o ine B rid g e  a l th o u g h  i t  had been  r e p o r t e d  a s  g row ing  

th e r e  a b u n d a n tly .

M a te r ia l  from  Oakm ere, C h e s h ire ,  was c o l l e c t e d  from  th e  b a re  

p e a t  and san d  s u r f a c e s  s u rro u n d in g  th e  m ere . T hese p l a n t s  b e lo n g e d  

to  th e  v a r i e t y  A .c risp u rn  v a r ^  d e n s i f o l i um.

3 ) .  M orphology.

An e x a m in a tio n  o f  p l a n t s  o f  A. c r i  spurn and A. c r i  spurn v a rg  d e n s ifo l iu m

showed t h a t  th e re  was a sm a ll d i f f e r e n c e  in  c e l l  s iz e  b e tw een  th e

two fo rm s . T h is  v/as th e  o n ly  c o n s ta n t  d i f f e r e n c e .T h e  l e n g th  o f  th e  le a v e s

o f  th e  Devon p l a n t s  v a r i e d  from  0 .3 0  to  O.yOcms and th e  l e n g th  o f

th e  le a v e s  o f  th e  C h e s h ire  p l a n t s  from  0 .3 5  to  0 .60cm s. The la m e l la e

on a l l  th e  le a v e s  exam ined were i n d i s t i n c t ,  r a r e l y  ru n n in g  th e  w hole

le n g th  o f  th e  l e a f ,  and  v a r i e d  i n  niuaber from  0 to  3* A ll  le a v e s

exam ined w ere n o n -u n d u la te  and  w ith o u t  s p in e s  on th e  b ack  o f  th e  la m in a .

F i f t y  p l a n t s  w ere exam ined from  each  c o l l e c t i o n  made and th e  a v e ra g e

c e l l  s i z e  i n  each  p l a n t  found  from  r e a d in g s  made on f i v e  l e a v e s .
2

There was an  a v e ra g e  o f  850 c e l l s  p e r  ram o f  lam in a  i n  th e  Devon p l a n t s  

and 875 i n  th e  C h e sh ire  p l a n t s .  A f te r  c u l t i v a t i o n  in  a  c o ld  fram e f o r
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t e n  m o n ths, th e  newly form ed le a v e s  on th e  p l a n t s  p r e v io u s ly  

exam ined v/ere i n d i s t i n g u i s h a b l e  from  each  o th e r  ( F ig  1 ) .  S in c e  u n d e r 

i d e n t i c a l  e x p e r im e n ta l  c o n d i t io n s  th e  two ty p e s  o f p l a n t s  r e a c t e d  

s i m i l a r l y ,  any  d i f f e r e n c e s  betw een  th e  p l a n t s  i n  th e  f i e l d  a r e  p ro b a b ly  

due t o  d i f f e r i n g  e n v iro n m e n ta l c o n d i t io n s .

The p l a n t s  b o re  th e  reraadns o f  many p e r i c h a e t i a  a t  th e  tim e  o f  

c o l l e c t i o n .  I n  th e  Devon m a te r ia l  p r o l i f e r a t i o n  had ta k e n  p la c e  

th ro u g h  th e  p e r i c h a e t i a  and in  some c a s e s  a  seco n d  p e r ic h a e t iu m  had 

b een  fo rm ed . I n  th e  C h e sh ire  p l a n t s  p r o l i f e r a t i o n  had  r a r e l y  ta k e n  p la c e .  

Under c u l t i v a t i o n  in  a c o ld  fram e a n t h e r i d i a l  p e r i c h a e t i a  w ere fo rm ed 

f r e e l y  and  p r o l i f e r a t i o n  to o k  p la c e  i n  b o th  Devon and C h e sh ire  p l a n t s .

No a rc h e g o n ia  w ere fo u n d  on th e  p l a n t s  g row ing  in  th e  f i e l d  o r  u n d e r 

fram e c o n d i t io n s .

4 ) •  H y b rid i t y  w ith  ot h e r  s p e c i e s .

M o ti le  sp e rm a ta z o id s  w ere o b ta in e d  from  a n t h e r i d i a  o f  A. c r is p u rn 

and  a t te m p ts  w ere made to  f e r t i l i z e  th e  egg c e l l s  o f  A .ang u s ta tu m ,

A .te n e llu m  and  A .undula tu m  (N =21). These w ere u n s u c c e s s fu l ,  a lth o u g h  

fem ale  p l a n t s  o f  th e  o th e r  s p e c ie s ,  u sed  a s  c o n t r o l s  i n  th e  same p o t s ,  

w ere e a s i l y  f e r t i l i z e d  by sp e rm a ta z o id s  o f  t h e i r  oivn s p e c ie s .

5)- 2xlPl9£Zi,

R e s tin g  n u c le i  i n  th e  g am etophy te  c o n ta in e d  two co n sp ic u o u s  

g r a n u le s  w hich s t a in e d  ^Adth a c e to - o r c e in .  I n  s e c t io n s  s ta in e d  w ith  

C r y s ta l  V io le t  and washed in  c lo v e  o i l  i t  was a p p a re n t  t h a t  one o f  th e s e
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was in  th e  n u c le o lu s . ( F ig  1 7 ) ,At e a r ly  p ro p h a se  a p r e c o c io u s ly  

co n d en sed  Y sh ap ed  chromosome c o u ld  be d i s t i n g u i s h e d  (F ig  1 8 ) . At 

m i to t i c  m etap h ase  sev en  chromosomes w ere d i s t i n g u i s h a b l e ,  o f  w bich 

th r e e  w ere J  sh ap ed  an d  fo u r  V sh ap ed  ( F ig 1 $ ) . No m o rp h o lo g ic a l 

d i f f e r e n c e  was fo u n d  b e tw een  th e  chromosomes o f  th e  Devon and  C h e sh ire  

p l a n t s .  A ll  c e l l s  exam ined c o n ta in e d  sev en  chromosomes and  no c e l l s  

w ere o b se rv e d  w ith  an  u n u su a l number o f  h e te r o p y c n o t ic  b o d ie s .
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A t r i c hum a q g u s ta tu m  ("B rid. ) B. and  S.

( s y n .  C .a n g u s ta ta B r i d . )

A trich u m  a n g u s tatum  v a r  p rh y s to u h y llu m  (C.M. ) R ic h a rd s  and W a lla c e .

( sy n . C .an ccu sta ta  B r id .  v a r  rh ,ystophyjJLa(C.M . )D ix . )
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1 ) .  E x am in a tio n  o f  h e r b a r ium sp ec im en s .

H erb ariu m  specim ens from  Europe and  A n e ric a  w ere u sed  s in c e  

A s ia t i c  m a te r i a l  p r e s e n te d  to o  wi.de a  ra n g e  o f  m orphology to  make i t  

p r a c t i c a l  to  in c lu d e  i t  i n  t h i s  w ork. F iv e  c o l l e c t i o n s  in c lu d e d  i n  

D ix o n 's  h e rb a riu m  w ere u se d  an d  d a ta  a r e  suiTirnarized i n  T a b le  2 .

T a b le 2 . Gam eto p h y te

C o l l e c t io n H e ig h t
cms

4>eaf s iz e  
cms

L am ellae % )ines C e l lg /  rnm̂

T i r o l  
D ixon 1904

1 .2 •4 0 x .  06 6 118 6 7 2 0

G ranada 
^tuira 1925

1 .2 •4 é x .0 6 7 172 6 6 5 0

Ohio
N ew ell 1929

3 . 0 .6 6 X.0 7 6 80 7100

iy r e n e e s  
H usnot

1 .3 . 4 0 %.07 5 140 6 3 0 0

New York 
C h am b erla in

1 .0 .4 2  06 6 146 6 3 5 0

S p o ro p h y te

C o l l e c t io n S e ta
cms

C ap su le
cms

/ w i t h  s e ta S pore d ia m e te r  
u

T i r o l 1-4 .30 ;(.06 180" 13

Ohio 0 .8 .4 0 \ .0 7 170" 13

P y ren ees 2 .1 .45X .07 180" 12

New York 1 .2 . 5 OX.0 7 175" 13
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F our c o l l e c t i o n s  o f  B r i t i s h  m a te r ia l  a t  th e  B r i t i s h  Museum, w ere 

exam ined, in c lu d in g  th e  spec im ens c o l l e c t e d  by  M it te n  from  H u r s tp ie r p o in t .  

D ata  a r e  sum m arized in  T ab le  3*

Tab le  ^ • G am etophyte

C o l l e c t io n H e ig h t
cms

L eaf s iz e  
cms

L am ellae
2

S p in e s  C elli^m m

S u ssex
d i t t e n

2 .8 .4G x.04 6 102 5 6 5 0

•P e r th s h ire  
Viclvinlay 1864

1 .3 .4 0 x .0 5 6 48 6 1 5 0

K ent
N ficholson 1898

2 .8 .45% .05 5 74 6 9 7 0

S u rre y
S h epherd  1892

0 .8 .40% .05 5 93 6 9 3 0

S p o ro p h y te .
-

C o l le c t io n S e ta
cms

C ap su le
cms

/ w i t h  s e t a S pore  d ia m e te r ,  
u

P e r th s h i r e 1 .6 .40X .05 180" 12

S e n t 1 .3 .40% .06 175" 12

A ll th e  sp ec im en s exam ined had  n o n -u n d u la te  le a v e s  and  a l l  w ere 

s t r i c t l y  d io e c io u s .

From th e s e  d a ta  th e  fo llo w in g  d e s c r ip t i o n  o f  A .angu s t atum  

may be  c o n s tru c te d :  -

P l a n t s  up to  3 cms in  h e ig h t ,  g e n e r a l l y  a b o u t 1 .7cnis. L eaves
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n o n -u n d u la te , lo n g , .0 4 -,0 7 c m s  v /ide, 5 ^0 0 -7 1 0 0  c e l l s  p e r  ram

o f  l e a f  la m in a , la m e l la e  5 o r  6 , s p in e s  on th e  la m in a . D io e c io u s

S e ta  a b o u t 1 .2 cms lo n g , c a p s u le  .AO-.^Ocms lo n g  and  up to  .0 7 eras 

w id e , e r e c t  o r  i n c l i n e d .  S p o res  12 -1 3u i n  d ia m e te r .

A .an g u s ta tu m  v a r ^  rh y s to p h y llu ra .

T h ere  w ere f o u r  c o l l e c t i o n s  o f  t h i s  v a r i e t y  i n  D ix o n 's  herbariuna 

and  d a ta  c o n c e rn in g  th e s e  a r e  sum m arized i n  T a b le  4*

T a b le  4 , Game to p h y te ,

b o l l e c t i o n H e ig h t
cms

L e a f  s i z e  
cms

L am ellae S p in e s Celli^rnra^

A u s t r ia  1900 
L o i t l e s b e r g e r

1 .4  / .45%. C4 6 88 6530

Lake M aggiore 
N ic h o lso n

1 .6 . 5 OX.0 4 6 150 6 4 2 0

Port«ogal 
Dixon 1911

1 .3 . 5 OX.0 4 6 140 6 5 5 0

B ussaco 
Dixon 1911

1 .6 . 7 OX.0 5 6 80 6 5 3 0

S p o ro p h y te .

C o l le c t io n S e ta
cms

C ap su le
cms

/ w i t h  s e ta S pore  d ia m e te r  
u

Lake la g g io re 2 .1 . 3 OX.O3 160" 13

B ussaco 1 .5 .43X .06 1 2 5 " 13

32



P la n t s  b e a r in g  u n d u la te  le a v e s  w ere found  o n ly  in  th e  c o l l e c t i o n s
/

from  b u ssa c o  an d  A u s t r ia  and even  h e re  o n ly  a few  le a v e s  on each  p l a n t  

showed t h i s  c h a r a c te r  to  any e x te n t .  I n  th e  o th e r  c o l l e c t i o n s  th e  

le a v e s  w ere r i g i d  and  n o n -u n d u la te , a s  i n  th e  p l a n t s  o f  A .an g iis ta tu in  

p r e v io u s ly  exam ined. The c a p s u le s  from  Lalce a g g io re  and  B ussaco  

w ere u n iq u e  i n  t h a t  th e y  w ere a r c u a te  and  b o rn e  i n c l i n e d  on th e  s e ta e .  

Those from  Lake M aggiore w ere a l s o  s h o r t e r  th a n  th o s e  o f  th e  o th e r  

c o l l e c t i o n s .

In  a d d i t io n , tw o  I r i s h  c o l l e c t i o n s  o f  A .an g u sta tu m  v a r  p rh y s to n h y llu m  

w ere exam ined. S e v e ra l  o f  th e s e  p l a n t s  b o re  u n d u la te  le a v e s  v/hich were 

w id e r  on th e  a v e ra g e  th a n  th o s e  o f  th e  p r e v io u s  c o l l e c t i o n s .  D ata  

a r e  sum m arized i n  T a b le  5 .

T a b le  3 *

C o l l e c t io n H e ig h t
cms

L eaf s iz e  
cms

L am ellae S p in e s celli^ram ^

CoDown 
L e t t  1909

1 .4 .42X .14 6 62 7320

CoDown 
Waddel 1910

1 .6 .4 2 X .13 6 48 3920

A co m p ariso n  o f  A .angu s ta tu m  and  A .an g u sta tu m  vax'^rh y s to p h y  1 lu tn 

shows t h a t  th e r e  i s  l i t t l e  c o n s ta n t  d i f f e r e n c e  b e tw een  th e  specim ens 

exam ined. The p l a n t s  o f  th e  v a r i e t y  have lo n g e r  l e a v e s  th a n  th o s e  o f  

th e  s p e c ie s  and  specim ens from  B u ssaco , A u s t r ia  and  I r e l a n d  bear^ 

u n d u la te  le a v e s .  T h is  i s  a  c h a r a c te r  o f  th e  v a r i e t y  b u t  i t  was n o t 

fo u n d  i n  th e  o th e r  c o l l e c t i o n s .  The p l a n t s  from  B ussaco  an d  Lake M aggiore
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b e a r  a r c u a te  c a p s u le s  b u t  t h i s  i s  n o t a  c h a r a c te r  o f  A .an g u sta tu m  

v a r  p rh y s t ophy llum .

2 ) .  Col l e c t i o n  o f  l i v i n g  m a te r ia l ♦

A .a n g u sta tu m  was c o l l e c t e d  from  K en t w here e x te n s iv e  g row th  

o f  t h i s  s p e c ie s  o c c u rs  i n  th e  C a s ta nea s a t i v a  p la n ta . t io n s  o f  S i s s in g h u r s t  

and B edgbury . T hese p o p u la t io n s  had  a c y c le  o f  p o p u la t io n  s iz e  

u l t i m a t e l y  d e te rm in e d  by th e  coppicing; o f  th e  C a s ta n e a . C o p p ic in g  

was c a r r i e d  o u t e v e ry  n in e  y e a r s  and  th e  r e s u l t i n g  la c k  o f  shade and  

d ry in g  o f  th e  c la y  d e s tro y e d  a l l  t r a c e s  o f  l i v i n g  A trichum  p l a n t s  

f o r  two s e a s o n s .  A f te r  t h i s  p e r io d  o f  t im e , i s o l a t e d  p l a n t s  w ere 

fo u n d  i n  th e  r i d e s  and th e  number in c r e a s e d  i n  f u r t h e r  y e a r s  u n t i l  

a g a in  re d u c e d  by th e  c o p p ic in g . Feuiale p l a n t s  w ere fo u n d  m ost a b u n d a n tly  

on th e  s id e s  o f  c a r t  r u t s  i n  shady  r i d e s .  S p o ro p h y te s  w ere fo u n d  

grow ing i n  dam]], shady p la c e s ;  i n  d r i e r  p l a c e s ,  such  a s  B edgbury , 

few  sp o ro p h y te s  w ere fo u n d .

3 )- M orphology.

The g am eto p h y te .

S ev en teen  p o p u la t io n s  o f  p l a n t s  o f  b o th  se x e s  w ere c o l l e c t e d  

from  S i s s in g h u r s t  and  B edgbury d u r in g  May 1950. The s iz e  o f  th e  l e a f  

c e l l s  was d e te rm in e d  by exam in ing  two le a v e s  from  each  o f  f i f t y  p l a n t s  

s e l e c t e d  a t  random  from  each  p o p u la t io n .  No c e r t a i n  d i s t i n c t i o n  

c o u ld  be  made betw een  m ale and  fem a le  p l a n t s  a t  t h i s  tim e  o f  th e  y e a r .

The d i s t r i b u t i o n  o f  c e l l  s i z e  i n  le a v e s  from  p la n t s  c o l l e c t e d  d i r e c t
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f ro : il th e  f i e l d ,  i s  shown i n  th e  f i r s t  g ra p h ,d ra w n  v /ith  a  s o l i d  l i n e ,  

i n  F ig  3* The seco n d  c u rv e , riravm v /ith  a  b ro k en  l i n e ,  shows th e  

d i s t r i b u t i o n  o f  c e l l  s i z e  i n  new May form ed le a v e s  o f  th e s e  same 

p l a n t s  when a l l  had b een  g row ing  u n d er i d e n t i c a l  c o n d i t io n s  i n  a  

c o ld  fram e f o r  a  y e a r .  A lthough  a  w ide ra n g e  o f  c e l l  s i z e  o c c u rs  

when p l a n t s  grow  i n  th e  f i e l d ,  th e  ra n g e  i s  re d u c e d  -when p l a n t s  a re  

a l l  grov/n u n d er th e  same c o n d i t io n s .  T h is  r a n g e , how ever, i s  l a r g e  

when co n p a red  ’w ith  t h a t  o f  a  s in g l e  c lo n e  o f  m ale p l a n t s ,  grovm u n d e r 

th e  same c o n d i t io n s .  The c e l l  s i z e  d i s t r i b u t i o n  o f  th e s e  p l a n t s  i s  

shown in  F ig  3 v /ith  a  d o t te d  l i n e .  The w ide ra n g e  i s  i n t e r p r e t e d  

a s  due to  e i t h e r  a  d i f f e r e n c e  i n  c e l l  s i z e  betw een  male and  fem a le  

p l a n t s  in c lu d e d  i n  th e  f i r s t  random  sam ple from  th e  s e v e n te e n  p o p u la t io n s ,  

o r  to  a d i f f e r e n c e  i n  c e l l  s i z e  betv /een  r a c e s  o f th e  s p e c ie s .

In  o rd e r  to  i n v e s t i g a t e  t h i s  p ro b le m , le a v e s  o f  b o th  male and  

fem a le  c lo n e s  o f  p l a n t s  w ere exam ined a t  d i f f e r e n t  t im e s  o f  th e  y e a r  

to  d e te rm in e  how l e a f  c h a r a c t e r s ,  and  e s p e c i a l l y  c e l l  s i z e ,  v a ry  

w ith  th e  d i f f e r e n t  s e a s o n s .  The c o l l e c t i o n s  exam ined p r e v io u s ly  

w ere  d iv id e d  i n t o  s e v e n te e n  m ale p o p u la t io n s  and f i f t e e n  fem ale  

p o p u la t io n s  and  th e s e  w ere grown s e p a r a t e ly  u n d e r i d e n t i c a l  c o n d i t io n s  

in  a  cold, fram e . F i f t y  p l a n t s  wei-e s e le c te d  a t  random from  each  p o t  

a t  m o n th ly  i n t e r v a l s  and  le a v e s  form ed d u r in g  t h a t  month w ere exam ined. 

Some m ale p l a n t s  b o re  a n t h e r i d i a  d u r in g  Ju n e  an d  J u ly  and b e ca u se  o f  

th e  m o d if ic a t io n  o f  th e  p e r i c h a e t a l  l e a v e s ,  w ere n o t in c lu d e d  in  th e  

sam p lin g . No c o n s ta n t  d i f f e r e n c e  i n  c e l l  s i z e  was fo u n d  be tw een  

c o p u la t io n s  o f  th e  same sex  during; one m onth, b u t ,  a s  can  be seen
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from  F ig 2 , th e r e  was a  s t r i k i n g  d i f f e r e n c e  b e tw een  th e  c e l l  s i z e  

o f  m ale and fem ale  p l a n t s  d u r in g  th e  summer m onths. The c e l l s  fo rm ed 

by th e  fem ale  p l a n t s  d u r in g  J u ly  and  A ugust w ere so much s m a lle r  

th a n  th o s e  o f th e  m ale p l a n t s  ( 7000-73G0-) a s  a g a in s t  5000 p e r  rnm̂  o f  

la m in a ; t h a t  t h i s  c h a r a c te r  c o u ld  be u se d  to  s e p a r a te  th e  two se x e s  

when th e y  v/ere g row ing  under i d e n t i c a l  c o n d i t io n s .  These r e s u l t s  

s u g g e s t  t h a t  th e  c e l l  s i z e  d i s t r i b u t i o n  shown by th e  o r i g i n a l  s e v e n te e n  

p o p u la t io n s  u n d er c u l t i v a t i o n ,  was due to  th e  d i f f e r e n c e  o f  c e l l  s i z e  

o f th e  le a v e s  o f  th e  m ale and  fem a le  p l a n t s .

T here  was no s e a s o n a l  change i n  th e  number o f  la m e l la e  b o rn e  

on th e  n erv e  o f  th e  l e a v e s .  The number v a r i e d  from  fo u r  to  e ig h t  

i n  th e  p l a n t s  c o l l e c t e d  from  th e  f i e l d ,  b u t  a f t e r  c u l t i v a t i o n  i n  a  

c o ld  fram e , f i v e  v/ere form ed on th e  nev/ le a v e s  o f a l l  p l a n t s  e x c e p t 

one c lo n e  from  S i s s in g h u r s t  i n  w tiich sev en  w ere fo rm ed. The number 

o f  s p in e s  on th e  la m in a  v a r i e d  from  90 to  I 3 0  and i t  was n o t p o s s ib le  

to  d e te rm in e  th e  f a c t o r s  a f f e c t i n g  t h e i r  fo rm a tio n .

A s e a rc h  was made f o r  p l a n t s  ap p ro x im a tin g  to  th e  v a r i e t y  

A .an g u sta tu m  va r |^  rh y s to p h y llu m . A lthough  some o f  th e  p l a n t s  c o l l e c t e d  

b o re  u n d u la te  l e a v e s  c h a r a c t e r i s t i c  o f  t h i s  v a r i e t y ,  when th e s e  p l a n t s  

w ere grow n i n  a  c o ld  fram e th e  new le a v e s  w ere c o m p le te ly  n o n -u n d u la te . 

T h is  s u g g e s ts  't h a t  th e  c h a r a c te r  o f  u n d u la te  le a v e s  i n  A .an g u sta tu m  

i s  e n v iro n m e n ta l i n  o r ig i n  and  t h a t  th e  s e p a r a t io n  o f  A .a n g u s ta tu m 

from  A .an g u sta tu m  v a r  rh y s to p h y llu m  on t h i s  c h a r a c te r  a lo n e  i s  

i n v a l i d .
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The sp o ro p h y te .

F i e l d  c o l l e c t i o n s  o f  m a tu re  sp o ro p h y te s  made d u r in g  O c to b e r and  

November showed t h a t  th e r e  was a  v a r i a t i o n  i n  th e  fo rm  o f  th e  s p o ro p h y te . 

The m a jo r i ly  o f  c a p s u le s  w ere e r e c t  and s le n d e r  b u t  a  p r o p o r t io n  

o f  th o s e  c o l l e c t e d  d u r in g  November w ere a r c u a t e .  I 5 O csm su le s  w ere 

c o l l e c t e d  on O c to b er 3 rd ,  173 ou O c to b er 2 7 t h  and  I 8O on November 1 7 th  

1 9 5 1 * M easurem ents w ere made on th e s e  c a p s u le s  o f  th e  v a r i a t i o n  i n  

th e  a n g le  betw een  th e  s e ta  and  a  l i n e  drawn p e r p e n d ic u la r ly  th ro u g h  

th e  m outh o f th e  c a p s u le ,  and th e s e  r e s u l t s  a r e  shown g r a p h i c a l l y  i n  

F ig  4 . A lthough  th e r e  w ere e r e c t  c a p s u le s  i n  a l l  c o l l e c t i o n s ,  t h e r e  

was a  h ig h e r  p r o p o r t io n  o f a r c u a te  c a p s u le s  i n  th e  November c o l l e c t i o n  

th a n  i n  th e  o th e r s .

An a t te m p t  was made to  i n v e s t i g a t e  th e  fo rm a tio n  o f  th e s e  

a r c u a te  c a p s u le s  by th e  u se  o f  c o n t r o l l e d  c o n d i t io n s .

1 ) .  170  p l a n t s  b e a r in g  ^ ronng^T jorophytes w ere c o l l e c t e d  a t  random  

from  th e  f i e l d  an d  grovm i n  p o t s  i n  an  u n h e a te d  g re e n h o u se (  15-22*C) 

u n t i l  m a tu re . A ll  th e  170 c a p s u le s  form ed on th e s e  p l a n t s  w ere e r e c t  

and  a v e ra g e d  0 . 4 5 i n  le n g th  and 0 . 0 6 cms i n  w id th .

2 ) .  20 sp o ro p h y te s  w ere o b ta in e d  by c r o s s in g  c lo n e s  o f  p l a n t s  w hich

had in v a r ia b ly  b o rn e  e r e c t  c a p s u le s  when grown in  an u n h ea ted  g re e n h o u se . 

T hese w ere m a tu red  u n d e r c o n d i t io n s  o f  h ig h  h u m id ity  i n  an  u n h e a te d  

g re e n h o u se . The m a tu re  c a p s u le s  v/ere a l l  e r e c t  and  a v e ra g e d  0 .4 6 cms 

in  l e n g th  and 0 .0 6 cms in  m d th .

3 j .  60  s p o ro p h y te s  w ere o b ta in e d  by th e  same method used  i n  2 ) .  

and w ere m a.tured a t  1 5 - 22^0  u n d er c o n d i t io n s  s u f f i c i e n t l y  d ry  to
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c u r l  th e  ends o f  th e  l e a v e s .  The m atu re  c a p s u le s  v/ere a l l  e r e c t  and  

a v e ra g e d  0 . 4 6 cms in  l e n g th .  T h e ir  a v e ra g e  w id th , how ever, was re d u c e d  

t o  O.C4ci}iSo

4 )* 160  c a p s u le s  w ere o b ta in e d  by th e  m ethods used  i n  2 ) an d  3 /^  

and w ere s e p a ra te d  i n t o  fo u x  g ro u p s . The p l a n t s  w ere grovm  in  p o t s  

and  each  g roup  v/as s u b je c te d  to  a  te m p e ra tu re  o f  4 - 8 'C f o r  2 4 , 4 8 , 12 

o r  I2 0 h o u rs  v/hen th e  c a p s u le s  w ere im m atu re . I t  was n o t p o s s ib l e  t o  

know th e  e x a c t  s ta g e  o f  developm ent o f  each  c a p s u le ,  so t h a t ,  when w hole 

p o t s  w ere t r e a t e d ,  some c a p s u le s  w ere a t  a  s l i g h t l y  d i f f e r e n t  s ta g e  

o f  developm ent from  th e  o th e r s .  T h is  may have in f lu e n c e d  th e  r e s u l t s  

o f  t h i s  e x p e r im e n t. The d e g re e  o f  b en d in g  i n  th e s e  f o u r  g ro u p s  i s  

shov/n i n  P ig5* 6 O/Ô o f  th e  c a p s u le s  t r e a t e d  f o r  o n ly  2 4  h o u rs  w ere e r e c t  

an d  th e  re m a in in g  4 O/0 w ere o n ly  s l i g h t l y  a r c u a te .  4 0 ^  o f  th e  c a p s u le s  

t r e a t e d  f o r  4 8 -7 2  h o u rs  w ere e r e c t  and 2 3 /o o f  them  s t r o n g ly  a r c u a t e .

% e n  th e  sp o ro p h y te s  w ere t r e a t e d  f o r  120 h o u rs ,  l e s s  th a n  o f  

th e  c a p s u le s  w ere e r e c t ;  80;? w ere a r c u a te  v /ith  a  v a lu e  o f  9 from  140*^ 

to  165  and  a  few  had  a  v a lu e  o f  0 a s  sm a ll a s  115 • The e r e c t  c a p s u le s  

a v e ra g e d  0 .4 5 cms i n  le n g th  and 0 .06cras in  w id th  b u t  th e  a r c u a te  

c a p s u le s  had  le n g th s  v a ry in g  from  0 .4  to  0 .3cm s and v /id th s  up to  0 .1  cms.

T hese r e s u l t s  s u g g e s t  t h a t  th e  te m p e ra tu re  d u r in g  m a tu ra t io n  

o f  th e  c a p s u le s  a f f e c t s  t h e i r  f i n a l  form  i n  A .a n g u s ta tu m . C ap su le s  

m atu red  a t  te m p e ra tu re s  belov/ 8^0 a r e  l i k e l y  to  be more a r c u a te  th a n  

th o s e  m a tu re d  a t  h ig 'h e r te m p e ra tu re s .  D uring  y e a r s  when th e r e  a r e  

e a r ly  f r o s t s  and  c o ld  v /e a th e r , a  h ig h e r  p r o p o r t io n  o f  su ch  a r c u a te  

c a p s u le s  m igh t t h e r e f o r e  be e x p e c te d .
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S p o res  v/ere exam ined from  200 a r c u a te  and  200 e r e c t  c a p s u le s  

c o l l e c t e d  from  th e  f i e l d  and  an  a v e ra g e  s p o re  d ia m e te r  o f  was 

found, in  b o th  ty p e s  o f  c a p s u le .  F i f t y  s p o re s  fi'om. each  c a p s u le  w ere 

sovm on C u ltu re  m edia (BeijerincVs a g a r )  u n d e r  a r t i f i c i a l  i l lu m in a .t io n .

The c u t t i n g  o f f  o f  a  c e l l  Vvlthin th e  sp o re  o r  th e  fo rm a tio n  o f  a  p ro to n em a 

by p ro tr u b e r a n c e  o f  th e  sp o re  w a l l ,  was ta k e n  a s  e v id e n c e  o f  g e rm in a tio n .  

U nder th e s e  c o n d i t io n s  85^  o f  th e  s p o re s  from  th e  e r e c t  c a p s u le s  

g e rm in a te d  b u t  o n ly  60,? o f  th o s e  from  a r c u a te  c a p s u le s  d id  s o , .

F i f t y  im m ature c a p s u le s  w ere m a in ta in e d  a t  4 ^ 8 "C f o r  120 h o u rs  

and  th e n  m a tu re d  i n  an  u n h e a te d  g re e n h o u se . 50 s p o re s  w ere m easu red  

from  each  c a p s u le  an d  an a v e ra g e  sp o re  d ia m e te r  o f  12 u was fo u n d .

V/hen th e s e  s p o re s  w ere sovm on c u l tu r e  medium and i l lu m in a te d  o n ly  

37/Ü g e rm in a te d . Twenty e ig h t  dyad an d  g i a n t  s p o re s  w ere fo u n d  am ongst 

th e  2 5 0 0  exam ined b u t  none o f  th e s e  g e rm in a te d  u n d er e x p e r im e n ta l  

c o n d i t io n s .  These r e s u l t s  s u g g e s t  t h a t  a l th o u g h  th e  a r c u a te  c a p s u le s  

p ro d u c ed  e x p e r im e n ta l ly  by t r e a t i n g  th e  s p o ro p h y te s  v /ith  low  te m p e ra tu re s  

a p p ro x im a te  m o rg ih o lo g ic a lly  to  th o s e  a r c u a te  c a p s u le s  o c c u r r in g  in  

th e  f i e l d ,  th e  w ild  c a p s u le s  a r e  p ro d u c e d  by l e s s  dainaging c o n d i t io n s  

s in c e  a  h ig h e r  p e rc e n ta g e  o f  t h e i r  sp o re s  g e rm in a te  s u c e s s f u l l y .  The 

o c c u rre n c e  o f  dyad an d  g i a n t  s p o re s  i n  th e  e x p e r im e n ta l  c a p s u le s  

makes i t  l i k e l y  t h a t  s im i l a r  s p o re s  may be  form ed in  th e  f i e l d  d u r in g  

y e a r s  o f  e x c e p t io n a l ly  low  autum n te n ro e ra tu re s .
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4 )  • Hyb r i d i t y  v / i th oth e r  s p e c ie s  o f  A trich u m .

Fem ale p l a n t s  o f  A .an g u sta tu m  w ere c ro s s e d  w ith  A .c risp u m  ,

A .te n e llu m , A .undu la tum  (N=21 ) and  A .undu la tum  (11=14)* F e r t i l i z a t i o n  

o f  th e  egg by s p e rm a ta z o id s  o f  A .te n e llu m  o c c u r re d  i n  th r e e  o u t  o f  

f o u r  hundred  and f i f t y  c r o s s e s .  A few  d iv i s i o n s  o f  th e  zy g o te  to o k  

p la c e  and th e n  g ro w th  c e a se d . S perm a.tazo ids o f  A .undu la tum  (N=2i ) 

a l s o  e f fe c te d , f e r t i l i z a t i o n  i n  t e n  o u t  o f  fo u r  hu n d red  c r o s s e s .  S ix  

o f  th e  sp o ro p h y te s  g rew  to  a b o u t 2mms i n  le n g th  and th e n  d ie d ;  f o u r  

m a tu re  sp o ro p h y te s  w ere f i n a l l y  fo rm ed . The m atu re  c a p s u le s  w ere 

0 .3 1 “0.35cm s in. le n g th  and O.C4cms in  d ia m e te r .  They w ere c o m p le te ly  

e r e c t  and  c o n ta in e d  s p o re s  w hich w ere i r r e g u l a r  in  shape and  d id  n o t 

g e rm in a te  on c u l t u r e  m ed ia . .Because o f  la c k  o f  m a t e r i a l ,  i t  was n o t 

p o s s ib le  to  make c y to lo g ic a l  p r e p a r a t io n s  o f  th e s e  h y b r id  s p o ro p h y te s .

S p e rm a ta zo id s  o f  A .an g u sta tu m  f e r t i l i z e d  egg c e l l s  o f  A te ne llu m  

and A .undu la tum  (N =21). The h y b r id  s p o ro p h y te s  fo rm ed  by  th e s e  c r o s s e s  

a r e  d e s c r ib e d  i n  d e t a i l  u n d er th e  s e c t io n s  r e l a t i n g  to  th e  fem ale  p a r e n t .

5 ) .

R e s t in g  n u c le i  o f  b o th  m ale and  fem ale  g arn e to p h y tes  c o n ta in e d  

one l a r g e  and two s m a ll h e te r o p y c n o t ic  b o d ie s ,  one o f  w hich was i n  

th e  n u c le o lu s .  D uring  p ro p h a s e ,  th e  l a r g e  body in c r e a s e d  in  s i z e  

and  became a  V sh ap ed  chromosome, v /h ile  th e  sm a ll  body form ed th e  

arm o f  a  J  shaped  chromosome (F ig  2 4 ) .  I n  f o r t y f i v e  specim ens sev en  

chromosomes w ere c o u n te d  a t  m e tap h ase , fo rm in g  a  com plem ent o f  th r e e
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J  shap ed  ancJ fo u r  V shaped  chrom osom es. T hese a r e  i l l u s t r a t e d  i n  F ig  25* 

T h is  number a g re e s  w ith  t h a t  found f o r  A m erican and J a p a n e s e  m a te r ia l  

by v a r io u s  w o rk ers  ( I 'u r i t a  1937, Lowry *50, Ta tu  no *53). One V shaped  

chromosome was s m a lle r  th a n  th e  r e s t  b u t  n o t so sm a ll a s  to  c o rre sp o n d  

to  th e  *h* chromosome o f  T a tu no. None o f  th e  m a te r ia l  exam ined showed 

e v id e n c e  o f  p o ly o lo id y .

C o l l e c t io n s  o f  g re e n  c a p s u le s  w ere made from  th e  f i e l d  on 

O c to b e r 3 r d ,  O c to b er 2 7 th  and November 1 7 th , 1951 * The c a p s u le s  w ere 

im m ed ia te ly  f ix e d  and  s ta in e d  and  be tw een  1000 and 15OO d iv id in g  

sp o re  m other c e l l s  examined, from  each  c a p s u le .  Seven b iv a l e n t s  

w ere fo rm ed  a t  m e io s is  in  a l l  c a p s u le s  and  th e  a v e ra g e  d ia m e te r  

o f  th e  s p o re  m o th er c e l l s  was 11 u . L ess th a n  0 .1 ,?  o f  th e  d iv id in g  

s p o re  m o ther c e l l s  i n  a l l  e x c e p t one c a p s u le  c o l l e c t e d  from  th e  f i e l d  

d u r in g  O c to b e r , c o n ta in e d  an ap h ase  b r id g e s  and f ra g m e n ts  o r  

supernum ary  n u c le i .  I n  th e  one c a p s u le  6>? o f  th e  sp o re  m o th er c e l l s  

c o n ta in e d  such  m e io t ic  i r r e g u l a r i t i e s .  I n  c o n t r a s t ,  9?o o f  th e  sp o re  

m o ther c e l l s  o f  c a p s u le s  c o l l e c t e d  d u r in g  November c o n ta in e d  an ap h ase  

b r id g e s  and f ra g m e n ts . E ig h t g i a n t  sp o re  m o th er c e l l s  w ere a l s o  found  

in  one o f  th e s e  c a p s u le s . ( T a b le  6 ) .  Thus th e r e  i s  an  in c r e a s e  i n  

th e  am ount o f  i r r e g u l a r i t y  o f  d i v i s i o n  in  sp o re  m o th er c e l l s  o f  

c a p s u le s  m a tu rin g  l a t e  i n  th e  s e a so n  in  th e  f i e l d .  T h is  in c r e a s e  

o c c u rs  a t  th e  same tim e  a s  th e  in c r e a s e  i n  th e  number o f  a r c u a te  

c a p s u le s  i n  th e  f i e l d .

On each  o f  th e  o c c a s io n s  t h a t  c a p s u le s  w ere c o l l e c t e d  from  th e
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f i e l d ,  tw enty  iinrnatui^e sp o ro p h y tes  v/ere a ls o  c o l le c te d  and m atured

in  a c o ld  frame and when r ip e  v/ere f ix e d  and s ta in e d .  Seven b iv a le n t s

were form ed a t  m e io s is  in  a l l  th e se  c a p s u le s . Less th a n  0 .1 ^  o f  a l l

th e  d i v i d i n g  spo re  m other c e l l s  showed any i r r e g u l a r i t y  o f  d iv i s io n

a t  m e io s is .(T a b le  6 ) .  T h is  p ro v id e s  f u r th e r  ev idence  t h a t  th e  i r r e g u l a r i t i e s

found in  d iv id in g  sp o re  m other c e l l s  o f  c a p su le s  m a tu rin g  in  th e  f i e l d

were o f en v iro n m en ta l o r ig in .

T ab le  6 .

C o l le c t io n Number o f 
c a p su le s

Number o f  c e l l s  
examined

Number o f c e l l s  
w ith  i r r e g u l a r i t i e s

l e t  3 rd . F ie ld 23 2 3 ,0 0 0 19

Frame 20 3 ,0 0 0 0

Oct 27 th F ie ld 17 1 7 ,0 0 0 7

1 1 ,200 71

Frame 20 3 ,0 0 0 0

17 th F ie ld 41 4 8 ,6 0 0 4471

Frame 20 5 ,0 0 0 4

9 sp o ro p h y te s , o b ta in e d  by ex p e rim e n ta l f e r t i l i z a t i o n s ,  were 

m atured  under d iy  c o n d i t io n s .  In  th e s e  c a p s u le s  970 o f  1800 d iv id in g
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sp o re  m other c e l l s  c o n ta in e d  some form  o f i r r e g u l a r i t y  a t  m e io s is .

The most f re q u e n t  i r r e g u l a r i t y  was th e  slow  s e p a ra t io n  o f b iv a le n t s  

a t  f i r s t  an ap h ase , r e s u l t i n g  in  th e  e x c lu s io n  o f chromosomes and 

cliromosome frag m en ts  from th e  n u c le i .  I f  th e  cy top lasm  became fu rrow ed  

a t  t h i s  s ta g e  and c leav ag e  took  p la c e ,  no f u r th e r  d iv i s io n  o f th e  n u c le i  

o c c u rre d . Eyad s p o re s , c o n ta in in g  up to  t l i re e  n u c le i ,  were o b se rv ed . 

C ap su les  c o n ta in in g  such a  deg ree  o f i r r e g u l a r i l y  w ere n o t found in  

th e  f i e l d .

10 sp o ro p h y te s  o b ta in e d  from  ex p e rim e n ta l f e r t i l i z a t i o n s ,  were 

m a in ta in e d  a t  a  te m p e ra tu re  o f 4 ”8*C f o r  120 hours  and th e n  m atured  

i n  an u n h ea ted  g reen h o u se , 191 o f  2 ,0 0 0  d iv id in g  sp o re  m other c e l l s  

c o n ta in e d  i r r e g u l a r i t i e s  o f  m e io tic  d iv i s io n  and 18 g i a n t  sp o re  m other 

c e l l s  were found  (F ig  39)* As f a r  a s  c o u ld  be d e te rm in e d , one such 

g ia n t  c e l l  had s ix  o r  e ig h t  b iv a le n t s  on th e  m etaphase p l a t e  a t  

m e io s is  and  s in c e  th e  amount o f  ch ro m atic  m a te r ia l  p r e s e n t  ap p eared  

n o t to  be g r e a t e r  th a n  th a t  i n  a  norm ally  s iz e d  c e l l ,  i t  seemed l i k e l y  

t h a t  th e  g ia n t  c e l l  was n o t p o ly p lo id .  Thus c a p su le s  m atu rin g  i n  th e  

f i e l d  l a t e  i n  th e  seaso n  and c a p s u le s  m atured  a t  a  low  te m p e ra tu re  - 

under c o n t r o l le d  c o n d i t io n s ,  showed a  s im i la r  d eg ree  o f  m e io tic  

i r r e g u l a r i t y .

The fo llo w in g  r e s u l t s  may e x p la in  th e  fo rm a tio n  o f g ia n t  sp o re  

m other c e l l s  w ith  a normal number o f  chromosomes i n  them . I n v e s t ig a t io n s  

in to  th e  developm ent o f  c a p s u le s  o f Tor t u l a  m u ra lis  (N=60 and N=26-28) 

by th e  p r e s e n t  a u th o r ,  have shown t h a t  t re a tm e n t w ith  low  te m p e ra tu re
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checked th e  m i to t ic  d iv i s io n  o f some o f  th e  c e l l s  o f  th e  c a p s u le . 

D iv is io n  o f th e  sporogenous t i s s u e  o cc u rs  more o r l e s s  s im u lta n e o u s ly  

th ro u g h o u t a  caps.ule i n  t h i s  s p e c ie s  so t h a t  th e re  i s  re a so n  to  

b e l ie v e  th a t  a l l  c e l l s  undergo th e  same number o f m i to t ic  d iv is io n s  

p r io r  to  m e io s is .  These d iv i s io n s  a re  accom panied by l i t t l e  c e l l  

en largem en t so t h a t  c e l l s  m iss in g  one m i to t ic  d iv i s io n  w i l l  be l a r g e r  

th a n  th o se  com ple ting  th e  f u l l  number. C ap su les  m a tu rin g  d u rin g  

low te rn p e ra tu re s  in  th e  f i e l d  have more g i a n t  sp o re  m other c e l l s  

th a n  th o se  m a tu rin g  a t  h ig h e r  te r ip e ra tû re s .  I t  i s  n o t im probable  

t h a t  th e  fo rm a tio n  o f g ia n t  sp o re  m other c e l l s  in  th e  genus A trichum  

may be acco u n ted  f o r  in  th e  same manner a lth o u g h  t h i s  was n o t s u b je c te d  

to  ex p erim en t.
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A t r i chum te n e llu m  (R o h l) B .and  S.

( s y a .  C. te  ne 11a R o h l. )
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1 ) .  E x am in a tio n  o f  h e rb a riu m  sp ec im en s.

i l a t e r i a l  was o b ta in e d  from  th r e e  c o l l e c t i o n s  in  D ix o n 's  h e rb a riu m . 

These w ere c o l l e c t e d  in  Norway by N ic h o lso n  and D ixon and d a ta  co n ce rn in g  

th e s e  specim ens a r e  sum m arized in  T ab le  6 .

T ab le 6 . G am etophyte.

C o l le c t io n H e ig h t
cms

L eaf s iz e  
cms

Lam ellae S p in es Cells/m m ^

T ro ja fa c h
1892

1 .0 .55X .08 4 35 2470

h a rd a n g e r
1900

0 .8 o65x’*08 5 64 23 1 0

V ossevangen
1900

0 .8 .5 0 ^ .0 7 4 24 2 3 6 0

Some o f  th e  le a v e s  on p l a n t s  from  a l l  th r e e  c o l l e c t i o n s  w ere 

u n d u la te .  P our la m e lla e  w ere form ed on th e  nerve o f th e  p l a n t s  from  

T ro ja fa c h  and V ossevangen b u t  th e  p l a n t s  from  H ard an g er b o re  from  

th re e  to  s ix  la m e l la e .  No a n th e r id ia  were found  on any  o f th e  p l a n t s  

a lth o u g h  a p p ro x im a te ly  two t h i r d s  o f  th e  p l a n t s  b o re  f e r t i l i z e d  

a rc h e g o n ia  and young sp o ro p h y te s  a t  th e  stem  a p ic e s

l l a t e r i a l  from  seven  c o l l e c t i o n s  made i n  B r i t a i n  was exam ined and  

d a ta  a r e  sum m arized in  T ab le  7« No u n d u la te  le a v e s  w ere found  on p l a n t s  

o f  th e s e  c o l l e c t i o n s .  T here w ere many f e r t i l i z e d  a rc h e g o n ia  a t  th e  

stem  a p ic e s  b u t  no a n th e r id ia  were fo u n d . An ex am in a tio n  o f th e  c o n te n ts  

o f  th e  c a p s u le s  r e v e a le d  t h a t  many o f  th e  s p o re s  w ere i r r e g u l a r l y
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shaped  and o f te n  o c c u r re d  i n  u n s e p a ra te d  t e t r a d s .  

T ab le  7 » G am etophyte.

C o l le c t io n H e ig h t
cms

L eaf s iz e  
cms

L am ellae S p in es Cells/m m ^

TT orthshire 
F ren ch  1875

0 .5 .3 4 \ .0 7 4 6 2 3 1 0

G oudhurst 
N ic h o lso n  1898

0 .5 .4 OX.0 7 4 9 24 5 0

G oudhurst 
S t i r l i n g  1905

0 .4 5 .3 2 < .0 7  ̂ 4 8 27 5 0

G len  N evis 
N ich o lso n  1923

0 .4 .3 0 \ .0 6 4 0 2520

Ben Lawers 
u cK in lay

1 .0 .34)^. 07 4 0 2330

L a n c a sh ire 0 .5 •4 0 \.0 7 4 5 2470

I n v e rn e s s h i r e 0 . 4 .32X.Q5 4 0 2 3 3 0

S p o ro p h y te .

C o l le c t io n S e ta
cms

C apsu le
cms

/ w i t h  s e ta Spore d ia m e te r  
u

S-oudhurst 
N ich o lso n  1898

1 .4 .15**08 1 8 0 ' 18

Ben Lawers 0 .8 .15**08 1 8 0 ' 18

A f u r t h e r  b a tc h  o f  m a te r ia l  w hich , a s  f a r  a s  c o u ld  be a s c e r t a in e d ,  

was d i s t r i b u t e d  by Schim per i n  I 8 6 5 , was exam ined and d a ta  a r e  sum m arized
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in  T ab le  B, The p l a n t s  had  b een  s e n t  to  v a r io u s  i n t e r e s t e d  b r y o lo g i s t s  

and r e p re s e n te d  th r e e  s e p a ra te  c o l l e c t i o n s .  H a b i ta t  d a ta  r e l a t i n g  to  

th e  t h i r d  c o l l e c t i o n  was n o t d e c ip h e ra b le .

T ab le  8 (lameto-nhvte.

C o l le c t io n  H e ig h t
cms

L eaf s iz e  
cms

L am ellae S p in e s
. 2 

C e llfy  mm

S i l e s i a  0 ,8 ,44x '.06 4 7 25 1 0

B re s la u  0 .7 .40X .06 4 10 25 2 0

— 1 .8 '32% .07 4 8 2 4 2 0

S ro ro p h y te .

C o l le c t io n  S e ta
cms

C apsu le
cms

/ w i t h  s e ta S pore d ia m e te r  
u

S i l e s i a  1 .4 .1 2 * .0 8 1 8 0 * 17

B re s la u  1 .0 .12X .08 180* 20

— 1*9 .25% .08 170* 18

No u n d u la te  le a v e s  w ere found  on any  o f  th e  p l a n t s  and no a n th e r id ia  

were d is c o v e re d .

A lthough th e s e  German p l a n t s  w ere much l a r g e r  th a n  th o se  c o l l e c te d  

from  B r i t a i n ,  th e  s iz e  o f  th e  l e a f  c e l l s  was v e ry  s im i la r  and few
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s p in e s  w ere form ed on any o f  th e  . l a n t s .  The N orv/egian p l a n t s ,  

e s p e c i a l l y  th o s e  from  H ard a n g e r , b o re  many s e in e s  on th e  l e a f  la m in a . 

The c a p s u le s  on th e  S i l e s i a n  and  B re s la u  p l a n t s  w ere v e ry  s im i l a r  

to  th e  B r i t i s h  sp o ro p h y te s  i n  m om hology  and  a l s o  re se m b le d  them 

i n  th e  d ia m e te r  o f  th e  s p o re s .

M a te r ia l  was o b ta in e d  from  P r o f e s s o r  Varaama w hich  had been  

c o l l e c t e d  in  F in la n d  i n  1950 and  v/hich had a  chromosome c o u n t o f  N=14. 

The m a te r ia l  c o n s is t e d  o f  s ix  f e r t i l e  specim ens w hich had b een  g row ing  

on f r e s h l y  dug s o i l  i n  a  p in e  v/ood n e a r  P i i k i i o .  D a ta  a r e  sum m arized 

in  T ab le  9*

T a b le 9 Gameto-phyt e .

C o l le c t io n  H e ig h t
cms

L eaf s iz e  
cms

L am ellae S p in e s C ell^fiim ^

F in la n d  2 .1  
Varaama 1950

.65x*08 4 47 % 9 0

S p o ro p h y te .

S e ta
cms

C ap su le
cms

/ v / i t h  s e ta S pore  d ia m e te r  
u

2 .0 .4 4  k . 14 110 - 1 4 0 " -

The le a v e s  on th e s e  p l a n t s  w ere f a i n t l y  u n d u la te .  Each p l a n t  

b o re  one c a p s u le  and, th e  re m a in s  o f  s e v e r a l  a rc h e g o n ia  b u t  no a n t h e r i d i a .  

Ho m easurem ent o f  sp o re  s iz e  was p o s s ib le  s in c e  th e  c a p s u le s  w^ere 

im m ature*

I t  i s  o f  i n t e r e s t  to  compare th e s e  N=14 specim ens w ith  th e  o th e r
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p l a n t s  c o l l e c t e d  from  B r i t a i n  and E u ro p e . T here  i s  l i t t l e  d i f f e r e n c e  

in  c e l l  s iz e  among them b u t  th e  s i z e  o f  th e  l e a f  i s  r e g u l a r l y  s m a l le r  

i n  th e  B r i t i s h  and Germa.n p l a n t s  th a n  in  th e  N orw egian p l a n t s  c o l l e c t e d  

by D ixon and th e  F in n is h  p l a n t s  c o l l e c t e d  by  V araam a. The N orw egian 

an d  F in n is h  p l a n t s  b e a r  many more s p in e s  on th e  lam in a  th a n  do th e  o th e r  

p l a n t s  and  none o f  th e  German o r  B r i t i s h  spec im ens b e a r  a r c u a te  

c a p s u le s  r e s e m b l in g ‘th o s e  o f  th e  F in n is h  p l a n t s .  These f a c t s  s u g g e s t  

t h a t  th e  N=14 p l a n t s  o f  Varaama a r e  d i s t i n c t  from  th e  r a c e  o f  A .te n e llu m  

fo u n d  in  B r i t a i n  and c e n t r a l  E u ro p e , b u t  may more n e a r ly  re sem b le  

th e  r a c e  o f  A .te n e llu m  o c c u r r in g  i n  Norway.

2 ) .  C o ll e c t i o n  o f l i v i n g  m a te r ia l .

M ale and fem ale  p l a n t s  w ere c o l l e c t e d  from  th e  b ed  o f  a  d r ie d  o u t 

pond on O x sh o tt Common, S u r re y . T h is  pond was s u b je c t  t o  f lo o d in g  

d u r in g  th e  w in te r  m onths b u t  a f t e r  1947  i t  had  become c o lo n iz e d  by 

B e tu la  v e r ru c o s a  and  th e  a n n u a l d e p o s i t io n  o f  le a v e s  had  r a i s e d  th e  

pond f l o o r  above f lo o d  l e v e l .  W ith th e  d r i e r  c o n d i t io n s ,  A .undu la tum  

and  P o l y t r i chum forinosum c o lo n iz e d  th e  pond bed  from  th e  banks above 

and  r e p la c e d  th e  A .te n e l lu m . P l a n t s  w ere a l s o  c o l l e c t e d  from  a  c u t t i n g  

in  a bank a t  B edgbury S ta t e  F o r e s t ,  K e n t. T hese p l a n t s ,  w hich w ere a l l  

fe m a le , w ere g row ing  on w et p e a t  o v e r ly in g  c la y .

3 )* M orphology.

The g am e to p h y te .

139  s e p a r a te  c o l l e c t i o n s  o f  f i v e  p l a n t s  w ere made from  th e  f i e l d  

and th e s e  p l a n t s  u se d  to  d e te rm in e  th e  c h a r a c te r s  o f  th e  s p e c ie s .
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The p l a n t s  v a r i e d  from  0 .3  to  1 .4cms in  h e ig h t  and b o re  le a v e s  v/hose 

a v e ra g e  s iz e  v/as 0 .4 6 x 0 .0 7  cms. T here  w ere f o u r  la m e l la e  on th e  n e rv e  

and  l e s s  th a n  n in e  s p in e s  on th e  la m in a . The -o ercen tag e  d i s t r i b u t i o n  

o f  c e l l  s i z e  v.as d e te rm in e d  from  th e  le a v e s  and i s  showTi i n  P ig  6 .

I n  67̂ -5 o f  th e  le a v e s  th e r e  w ere betw een  2300 and  2500 c e l l s  p e r  im f o f  

lam in a  and  in  o n ly  4/] w ere th e r e  b e tw een  2800 an d  3000 c e l l s  p e r  trm^. 

T hese same n i a n t s  w ere c u l t i v a t e d  in  a  c o ld  fram e f o r  tw e lv e  m onths and  

th e  new le a v e s  exam ined. A g r e a t l y  re d u c e d  ra n g e  o f  c e l l  s i z e  was 

o b ta in e d  a l th o u g h  th e  a v e ra g e  c e l l  s i z e  rem a in ed  th e  same and  t h i s  i s  a ls o  

shown i n  P ig  6 . These r e s u l t s  s u g g e s t  t h a t  th e  ra n g e  o f  c e l l  s iz e  

o c c u r r in g  i n  th e  f i e l d  may be due to  e n v iro n m e n ta l d i f f e r e n c e s .  The 

d i s t r i b u t i o n  o f  c e l l  s iz e  i n  a l l  th e  l e a v e s  o f  th e  A .te n e llu m  (N=14 )  

spec im ens o b ta in e d  from  Varaama i s  a l s o  shown i n  P ig  6 .  The a v e ra g e  c e l l  

s i z e  o f  th e s e  p l a n t s  i s  l i t t l e  d i f f e r e n t  from  t h a t  o f  B r i t i s h  A .te n e llu m  

p l a n t s  grow n in  a  c o ld  fra m e .

A l l  p l a n t s  o f  B r i t i s h  A .te n e llu m  exam ined w ere d io e c io u s*

C lo n es  o f  m ale and  fem a le  p l a n t s  w ere grown s e p a r a te ly  f o r  th r e e  se a so n s  

and o n ly  p ro d u ced  e i t h e r  a n t h e r i d i a  o r  a rc h e g o n ia .  M ale p l a n t s  w ere 

o f  v e ry  r a r e  o c c u r re n c e  i n  th e  f i e l d .  They w ere l e s s  th a n  0 .4cuis i n  

h e ig h t  and  c o n s is te d  o f  e i t h e r  a  few  m o d if ie d  p e r i c h a e t a l  le a v e s  

fo rm in g  an  a n t h e r i d i a l  cu p , o r  o f  u n m o d ified  le a v e s  b e a r in g  a n t h e r i d i a  

i n  t h e i r  a x i l s .  They w ere n ev er seen  to  p r o l i f e r a t e  th ro u g h  th e  

p e rich ae tiu m * , in s te a d ,g r o w th  was renew ed from  th e  b a s e  o f  th e  p l a n t .  

F e r t i l e  fems-le p l a n t s  w ere o f  f r e q u e n t  o c c u r re n c e .
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The sporop h y te .

The sp o ro p h y te s  c o l l e c t e d  from  th e  f i e l d  showed a  ra n g e  in  

e x te r n a l  m orpho logy . Many w ere b o rn e  i n c l i n e d  on th e  s e ta e  b u t  no 

a r c u a te  c a p s u le  was fo u n d . 243  m a tu re  s p o ro p h y te s  w ere c o l l e c t e d  and 

exam ined. T h e ir  le n g th  v a r i e d  from  0 .1  to  0 .2cm s and t h e i r  w id th  

from  0 .0 6  to  O.OOcms. The p e rc e n ta g e  d i s t r i b u t i o n  o f  c a p s u le  le n g th  

in  t h i s  c o l l e c t i o n  i s  shown g r a p h ic a l ly  i n  F ig  7* 147 p l a n t s  b e a r in g  

v e ry  young sp o ro n h y te s  w ere a l s o  c o l l e c t e d  from  th e  f i e l d  and  grown 

f o r  up to  a  m onth in  a  c o ld  fram e u n t i l  m a tu re . The ra n g e  o f  c a p s u le  

l e n g th  in  th e s e  p l a n t s  was th e  same a s  t h a t  found  in  -n ia n ts  m a tu r in g  

in  th e  f i e l d  b u t  th e  av e ra g e  c a p s u le  l e n g th  was g r e a t e r  i . e .  0 . 1 7 cnis 

a s  a g a in s t  0 .14cm s, These 147 p l a n t s  w ere th e n  grown f o r  a  f u r t h e r  

s e a so n  in  th e  c o ld  fram e and w ere c ro s s e d  w ith  m ale A. t en e llu m  p l a n t s  

in  th e  l a b o r a to r y .  73 S fjo rophy tes w ere o b ta in e d  and  m atu red  i n  th e  c o ld  

fram e . The ra n g e  o f s iz e  o f  th e s e  c a p s u le s  was 0 . l 6  to  0 .2 3 cms and  th e  

a v e ra g e  c a p s u le  l e n g th  v/as 0 .21  cms ( s e e  F ig  7)* The l a r g e r  s i z e  

o f th e  c a p s u le s  p ro d u ced  by f e r t i l i z a t i o n  in  th e  l a b o r a to r y  may have 

been  due to  b e t t e r  g row ing  c o n d i t io n s  o f  b o th  g am etophy te  and sp o ro p h y te  

i n  th e  c o ld  fram e . The sm all s iz e  o f  th e  c a p s u le s ,  c o l l e c t e d  im m ature 

and  m atu re d  i n  a c o ld  fram e , may be due to  damage s u f f e r e d  by th e  

gam eto p h y te  and sp o ro p h y te  during: th e  t r a n s p l a n t in g  o p e r a t io n .

117  m atu re  c a p s u le s  c o l l e c t e d  from  th e  f i e l d  and I 3O c a p s u le s  

grown i n  a  c o ld  fram e w ere u sed  to  f in d  th e  ra n g e  o f  sp o re  s i z e .

200 s p o re s  w ere m easured  from  each  c a p s u le  and th e  two g ra p h s  o f  

sp o re  s iz e  d i s t r i b u t i o n  a r e  shown in  F ig  8 . A lthough  th e  a v e ra g e
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sp o re  s i z e  i s  th e  same f o r  b o th  s e t s  o f  c a p s u le s  i . e .  I8 u , th e  c a p s u le s

m atu red  i n  th e  f i e l d  c o n ta in  s p o re s  v /ith  a  much v d d e r ra n g e  o f  sp o re

s i z e .  Thus th e  a v e ra g e  sp o re  d ia m e te r  a p p e a rs  to  be  v e ry  c o n s ta n t  

w i th in  th e  s p e c ie s  b 'u t, due to  th e  ra n g e  in  s i z e ,  many s p o re s  m ust 

be m easu red  to  o b ta in  an  a c c u r a te  r e s u l t .

Sam ples o f  s p o re s  fro m  b o th  s e t s  o f  p l a n t s  w ere sovm on Beijerlnc. k's

a g a r ,  s o i l  s o lu t io n  and  s t e r i l e  san d . 5 0  s p o re s  w ere used  from  each

c a p s u le  and grown un d er a r t i f i c i a l  i l l u m in a t io n .  7 4 /  o f  th e  sp o re s  

from  c a p s u le s  m a tu red  i n  th e  fram e g e rm in a te d  v / i th in  two weeks b u t  

o n ly  5 1 /  o f  th e  s p o re s  from  th e  c a p s u le s  m a tu re d  in  th e  f i e l d  d id  so .

An a t te m p t  was made to  f i n d  w hich  c o n d i t io n s  c a u se d  th e  fo rm a tio n  

o f  th e  u n u s u a lly  l a r g e  and  sm a ll s p o re s  i n  th e  w ild  c a p s u le s .  Im m ature 

s p o ro p h y te s ,  o b ta in e d  by c r o s s in g  c lo n e s  o f  p l a n t s  i n  th e  l a b o r a to r y ,  

w ere m a in ta in e d  u n d er c o n d i t io n s  o f  low  te m p e ra tu re  ( / ’-8 °C ) f o r  from  

2 4  to  120 h o u rs . H ow ever, c a p s u le s  w ere v e ry  s e n s i t i v e  to  such  te m p e ra tu re s  

an d  d i s i n t ' j ^ r a t e d  b e f o re  c o m p le tin g  t h e i r  norm al d ev e lo p m en t. U nder 

norm al f i e l d  c o n d i t io n s  s p o ro p h y te s  w ould be r a r e l y  s u b je c t  to  low  

te m p e ra tu re s  s in c e  th e y  d ev e lo p  d u r in g  th e  l a t e  summer. Waen 25  

iuunature c a p s u le s ,  p ro d u c e d  a s  ab o v e , w ere m a tu red  u n d e r c o n d i t io n s  

su ch  t h a t  th e  t i p s  o f  th e  le a v e s  became d ry  and  c u r le d ,  a  ra n g e  o f  

c a p s u le  le n g th  was o b ta in e d  (O.O8 -O .1 2 cm s). The s p o re s  i n  th e s e  c a p s u le s  

w ere i r r e g u l a r  in  shape and many o f  th e  sm a ll sp o re s  w ere jo in e d  

to g e th e r  in to  t e t r a d s .  Ju d g ed  by t h e i r  a p p e a ra n c e  th e s e  w ere d ead .

The d ia m e te r  o f  th e  g r e e n  s p o re s  a v e ra g e d  I8 u  b u t  th e  a v e ra g e  d i a n e t e r  

o f  a l l  s p o re s  o f  th e  c a p s u le s  was 13n . 50 s p o re s  w ere ta k e n  from  each
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c a p s u le  and  sown on c u l tu r e  m edia u n d er a r t i f i c i a l  i l l u m i n a t i o n .

8 3 /  o f  th e s e  s p o re s  d id  n o t g e rm in a te . I n  F ig 9  th e  d i s t r i b u t i o n  

o f  sp o re  s iz e  f o r  one c a p s u le  i s  shown g r a p h ic a l ly  accom pan ied  by 

a  g ra p h  sho% ng  th e  m o r t a l i t y  r a t e  o f  th e  d i f f e r e n t  s iz e d  s n o re s .

A ll  spore5 s m a lle r  th a n  12u w ere d ead  and  5 0 /  o f  th o s e  b e tw een  12 and  l6 u  

in  d ia m e te r .  Many o f  th e  s p o re s  2 6 u in  d ia m e te r  w ere a l s o  d ead .

T h is  r e s u l t  s u g g e s ts  t h a t  any  la c k  o f  m o is tu re  d u r in g  th e  developm ent 

o f  th e  sp o ro p h y te  and  s p o re s ,  w i l l  r e s u l t  i n  th e  fo rm a tio n  o f  many 

d ead  and m alform ed s p o re s .  Such c o n d i t io n s  may o c c u r  when th e  c a p s u le s  

a r e  m a tu rin g  i n  th e  f i e l d  d u r in g  A ugust an d  Septem ber and  may have 

g iv e n  r i s e  to  th e  h ig h  p e rc e n ta g e  o f  d ead  s p o re s  o b se rv e d  in  th e  c a p s u le s  

o f  A .te n e llu m  by s e v e r a l  w o rk e rs .

4 ) .  H y b rid i ty  \'vith o th e r  s p e c ie s .

Fem ale p l a n t s  o f  A .te n e llu m  w ere c ro s s e d  w ith  m ale p l a n t s  o f  

A .c r isp u m , A .a n g u s ta tu m , A. und u la tu m (N=21 ) and  A .undu la tum (N=14 )  *

S u ce ss f u l  f e r t i l i z a t i o n  by  s p e rm a ta z o id s  o f  A .u n d u la tu m fN=21)

to o k  p la c e  i n  th r e e  o u t o f  f o u r  h u ndred  c r o s s e s ,  b u t  no sp o ro p h y te s

w ere fo rm ed . F e r t i l i z a t i o n  by s p e rm a ta z o id s  o f  A .an g u sta tu m  was s u c c e s s f u l

i n  s ix  o u t o f  one h u n d red  and f i f t y  c r o s s e s  b u t  o n ly  tvrc> m atu re  sp o ro p h y te s

w ere fo rm ed , th e  o th e r s  dy in g  v/hen l e s s  th a n  1mm i n  l e n g th .  The two

l i v i n g  s p o ro p h y te s  w ere s low  i n  g row th  and  th e  c a p s u le s  w ere b o rn e

on s p i r a l  s e t a e .  The c a p s u le s  m easured  0 .20x0-08cm s and  0 .2 2 x 0 .0 8 cms

and  w ere c o n p le te ly  e r e c t .  30 g re e n  s p o re s  w ere o b ta in e d  from  th e s e

c a p s u le s  and  a v e ra g e d  17u i n  d ia m e te r .  T hese were grown on B e ije rin b k s
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a g a r ,  in  s o i l  s o lu t io n ,  and on san d  and s t e . - i l e  s o i l  i n  an  u n h e a te d  

g re e n h o u se . U nder th e s e  c o n d i t io n s  th e y  fo rm ed  p ro to n e o ia l g rovrths 

w hich b o re  g ro u p s  o f  th ic k e n e d  c e l l s ,  b u t  d id  n o t fo rm  a d u l t  p la n ts #

5 ) .  C y to lo g y .

S in c e  v e g e t a t i v e  m ale and  fem ale  p l a n t s  c o u ld  n o t be d i s t i n g u i s h e d  

from  each  o th e r ,  a n t h e r i d i a l  p e r i c h a e t i a  w ere u sed  to  i n v e s t i g a t e  th e  

m ale g am eto p h y te  and  a r c h e g o n ia l  a p ic e s  to  i n v e s t i g a t e  th e  fem ale  

gam etophyte#  I n  th e  fem a le  p l a n t s  th e  r e s t i n g  n u c le u s  c o n ta in e d  

one l a r g e  and  tv/o sm a ll h e te r o p y c n o t ic  b o d ie s .  D uring  p ro p h a se  o f

m i to s i s  th e  l a r g e  body d i f f e r e n t i a t e d  i n t o  a  l a r g e  V sh ap ed  chromosome

(P ig  2 0 ) .  I n  f o u r te e n  m ale p l a n t s  a l l  th e  r e s t i n g  n u c le i  c o n ta in e d

one l a r g e  and  two sm a ll h e te ro p y c n o t ic  b o d ie s  s im i l a r  to  th o s e  o f

th e  fe m a le . I n  c o n t r a s t ,  i n  th r e e  o th e r  m ale p l a n t s  v /h ile  m ost o f  th e  

n u c le i  c o n ta in e d  th r e e  h e te r o p y c n o t ic  b o d ie s ,  th e  n u c le i  o f  some p a tc h e s  

o f  c e l l s  in  th e  a n t h e r i d i a  c o n ta in e d  two l a r g e  and  fo u r  sm a ll b o d ie s#
I

A l l  th e  fem ale  p l a n t s  and  th e  f o u r t e e n  norm al m ale p l a n t s  had  

a chromosome com plem ent o f  N=7, o f  w hich th r e e  chromosomes w ere J  

sh ap ed  an d  fo u r  V sh ap ed  (P ig  21 ) .  I n  th e  m ale p l a n t s  w ith  u n u su a l 

numbers o f  h e te ro p y c n o t ic  b o d ie s ,  t h e r e  w ere tw en ty  sev en  c e l l s  w ith  

from  t e n  to  f o u r te e n  chromosomes i n  them , b e s id e s  t h i r t y  c e l l s  w ith  

u n u s u a lly  l a r g e  am ounts o f c h ro m a tic  m a te r ia l  ( P ig s  2 2 ,2 3 ) .  A ll  

o th e r  c e l l s  c o n ta in e d  th e  norm al number o f  chrom osom es. Thus th e  

fo rm a tio n  o f  p o ly p lo id  s p e rm a ta z o id s  from  th e  abnorm al c e l l s  o f  

th e s e  p e r i c h a e t i a  i s  a  p o s s i b i l i t y .
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G reen  c a p s u le s  w ere c o l l e c t e d  from  S u rre y  and K ent and  w ere 

im m e d ia te ly  f ix e d  and s ta in e d .  P r e p a r a t io n s  o f  m e io s is  w ere o b ta in e d  

from  143 o f  th e s e  c a p s u le s .  I n  th e s e ,s e v e n  b i v a l e n t s  w ere r e g u l a r l y  

form ed a t  m e io s is .  15OO d iv id in g  sp o re  m o ther c e l l s  w ere exam ined 

i n  each  c a p s u le  and  i t  v/as found  t h a t  from  1 8 /  to  4 8 /  o f  th e s e  

c o n ta in e d  la g g in g  o r  e x c lu d ed  chromosomes o r  c y to p la sm  d iv id in g  a t  

f i r s t  i n s t e a d  o f  second  m etap h ase  ( s e e  T a b le  10),

In m a tu re  sp o ro p h y te s  were  a l s o  c o l l e c t e d  from  th e  f i e l d  and grown 

i n  a c o ld  fram e . 77 such  c a p s u le s  y ie ld e d  p r e p a r a t io n s  o f  m e io s is .

1500  d iv id in g  sn o re  m o ther c e l l s  w ere exam ined in  each  c a p s u le

and from  2 /  to  ' 8 /  o f  th e s e  c o n ta in e d  m e io t ic  i r r e g u l a r i t i e s . ( T a b l e  1 0 ) ,

T h is  r e s u l t  s u g g e s ts  t h a t  th e  c y to lo g ic a l  i r r e g u l a r i t i e s  fo u n d  i n

c a p s u le s  m a tu rin g  i n  th e  f i e l d  may have b een  due t o  en v iro n m en t

s in c e  th e  c a p s u le s  m atu red  in  a  c o ld  fram e had  been c o l l e c t e d  a t  random

from  th e  same p o p u la t io n s  a s  th e  p r e v io u s  143  p l a n t s .

S p o ro p h y te s  w ere o b ta in e d  by c r o s s in g  c lo n e s  o f  A .t e ne13um 

in  th e  l a b o r a to r y  and  m a tu rin g  th e  s p o ro p h y te s  in  a c o ld  fram e . I 3 

p r e p a r a t io n s  o f  m e io s is  w ere o b ta in e d  and seven  b i v a l e n t s  w ere r e g u l a r l y  

form ed i n  th e s e .  I r r e g u l a r i t y  o f  d iv i s io n  o c c u rre d  i n  l e s s  th a n  ,1 /  o f  th e  

sp o re  m other c e l l s .  In  c o n t r a s t ,  up t o  60;o o f  th e  d iv id in g  sp o re  m other 

c e l l s  o f  10 c a p s u le s ,o b ta in e d  by a  s im i l a r  m ethod and  m atu red  u n d er 

c o n d i t io n s  o f  low  h u m id i ty ,c o n ta in e d  i r r e g u l a r i t i e s  o f  d i v i s i o n .  These 

c o n s is te d  o f  3.agging chromosomes and  fra g m e n ts  and th e  d i v i s i o n  

o f  th e  c y to p la sm  a t  f i r s t  i n s t e a d  o f  second m e tap h ase . T h is  g av e  r i s e

to  sp o re s  e i t h e r  la c k in g  a n u c le u s  o r  c o n ta in in g  s e v e r a l  n u c l e i . ( F i g  3 4 ,3 5 )

56



T hese r e s u l t s  s u g g e s t  t h a t  th e  i r r e g u l a r  d iv i s io n  o f  th e  sp o re  

m other c e l l s  fo u n d  in  th e  f ie ld ,  i s  n o t due to  h y b r id i ty  v rith  o th e r  

s p e c ie s  o f  A trichum  b u t  to  e n v iro n m e n ta l e f f e c t s  when th e  c a p s u le s  

a r e  im m ature. Such e f f e c t s  may le a d  to  th e  fo rm a tio n  o f  th e  unusual3 .y  

sm a ll and  l a r g e  dead  s p o re s  fo u n d  in  c a p s u le s  in  th e  f i e l d .

T ab le  iQ

C o l le c t io n M atu red Number o f  c a p s u le s  m t h  a c e r t a i n  
/a g e  i r r e g u l a r i t y

T o ta l  number 
o f  c a p s u le s

F ie ld F i e l d

5 ' -10^ 20;!? 30?? 40'? 50?? 60'? 

-  -  -  14 13 41 75 - 143

F ie ld Frame 61 16 - - - - -  - 77

L a b o ra to ry Frame 1 5  _ _ _ _ _ _ _ 15

L a b o ra to ry IjOW
h u m id ity

— — — 1 — 2 7 10
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A tri chum undu latum  (Hedw. )P .B eauv .

(s y n . C .u n d u la ta  W eb.and M o h r.)

A trichum  u n d u la tu m  v a r |^  m inus (:ham.and D.G, ) Web. and M ohr.

( s y n .C. u n d u la ta  Y/eb.and Mohr v a r  m inor

W eb.and Mohr )

A trich u m  und u la tu m  v a r  j  h a u ssk n e c h t i i  ( J u r .  and  M ild e . ) F ry e .

( s y n .G. u n d u la ta  W eb.and Mohr v a r

h a u s s k n e c h t i i  ( J u r .  and  M ild e . ) 

( sy n . G . l a t e r a l i s  Va iz e y )
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1 ) .  E x am in a tio n  o f  h e rb a riu m  sp ec im e n s .

D ata  w ere o b ta in e d  from  th e  ex a m in a tio n  o f  B r i t i s h  spec im ens 

and  a r e  sum m arized i n  T ab le  11. The h e ig h t  o f  th e s e  spec im ens v a r i e d

from  0 .8 cms to  7*Ccms, b u t  w i th in  a s in g le  c o l l e c t i o n  th e r e  v/a.s l i t t l e

v a r i a t i o n .  L eaf l e n g th  v a r i e d  from  0 .4 cms to  1.2cm s and  th e r e  v/ere 

u s u a l ly  fo u r  la m e lla e  on th e  n e rv e , a l th o u g h  in  some c o l l e c t i o n s  t h r e e ,  

f iv e  o r  s ix  was more f r e q u e n t .  The number o f  s p in e s  on th e  lam in a  v a r i e d  

from  6 to  142, th e  a v e ra g e  f o r  a l l  c o l l e c t i o n s  b e in g  33* T h e re  a p p e a re d  

to  be some c o n n e c tio n  b e tw een  th e  number o f  s p in e s  b o rn e  on th e  la m in a  

and  th e  u n d u la te  c h a r a c te r  o f  th e  l e a v e s ,  s in c e  no u n d u la te  le a v e s  w ere  

fo u n d  w ith  l e s s  th a n  20 s p in e s  and le a v e s  v /ith  a  g r e a t e r  number o f  s p in e s  

w ere undudaue u n le s s  th e  l e a f  c e l l s  w ere b o th  sm a ll and  th ic k  w a l le d ,

when th e  le a v e s  a p p e a re d  p la n e .  The number o f  c e l l s  p e r  mm o f  la m in a

v a r i e d  from  1750 to  3 2 2 0  and from  a l l  c o l l e c t i o n s  th e  a v e ra g e  number was 

2 3 4 0 . No c o r r e l a t i o n  c o u ld  be fo u n d  b e tw een  p l a n t  h e ig h t ,  l e a f  s i z e  and  

c e l l  s i z e .  S e ta  l e n g th  v a r i e d  from  0 .3cm s to  3*2cms w ith  a  mean o f  1 .4cm s 

The s h o r t e s t  s e ta e  ( i n  th e  c o l l e c t i o n s  from  D a rg le  and S h ro p s h ire )  b o re  

v e ry  s m a ll ,  e r e c t  c a p s u le s ;  a l l  o th e r  c a p s u le s  w ere a r c u a t e ,  from  0 .2cm s 

to  0 . 5 cms i n  le n g th  and from  0 .0 8 cms to  0 .12cm s i n  w id th .  T h e ir  mean 

le n g th  was 0 .2 9 cms. The a n g le  be tw een  th e  s e t a  and a  l i n e  dravm a t  r i g h t  

an g les-to  th e  m outh o f  th e  c a p s u le  v a r i e d  from  100* to  I 7 0 * e x c e p t i n  th e  

c o l l e c t i o n s  from  D a rg le  and S h ro p sh ire  w here th e  c a p s u le s  w ere e r e c t .  A p a rt 

from  th e  c o l l e c t i o n  from  A berdeen , w ith  s p o re s  a v e ra g in g  27u i n  d ia m a te r ,  

th e  sp o re  s iz e  from  a l l  c o l l e c t i o n s  v a r i e d  from  19 to  2 3 u w ith  an  

a v e ra g e  o f  21u .
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Table 11# Gametophyte*

C o l le c t io n H e ig h t
cms

L eaf s iz e  
cms

L am ellae S p in e s C ell^rnm ^

C o t t e r a l  C lough 2#0 .72% .10 4 18 1 7 5 0

S u th e r la n d s h i r e  
S a d le r  182?

3 . 0 #6 5 x. 16 2 12 1800

S to k e  V7ood 
D o rse t 1879

4 . 5 .7 0 x .1 2 3 66 2 0 5 0

F o r f a r s h i r e
(A ngus) ______

7 . 0 .82  X. 16 5 28 2 1 2 0

W in c h es te r  
B rocus 1852

3 . 4 #96%#12 3 52 2 2 0 0

D ennant 2 .1 . 7 0 .x. 10 4 28 2200

C o t t e r a l  C lough 
v filso n  1827

1 .8 #68x#08 5 6 4 2 2 5 0

B o n a lly  
S a d le r  1855

2 .2 *75x*10 5 132 2 2 5 0

T u n b rid g e  W ells  
W ilson  1910

2 .8 .70**08 4 5 0 23 0 0

A berdeen 3*0 . 5 OX.1 0 3 ' 18 '  2 3 5 0

R a d n a sh ire  
P a i n t e r  1899

1 .6 . 72% .12 6 64 2 3 5 0

Over
W ilson  1826

3*0 .65**08 4 28 2 3 5 0

P e n tla n o s  
S a d le r  1855

1 .9 #80x  .1 0 6 108 2 4 0 0

H e re fo rd  
Owen 1909

2 .0 1 .0 * .1 0 6 84 2 4 1 0

B re c o n s h ire  
P a in t e r  1900

1#8 ♦ 6 5 x .12 5 70 2 4 5 0
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Gametophyte ctd.

C o l le c t io n H e ig h t
cms

L eaf s iz e  
cms

L am ellae S p in e s C ells/m m

A berdeen 
R ic h a rd s  1910

3*6 I .O x .0 7 6 6 2610

A b e rfe ld y
B lack

0 .8 .4 2 * .0 5 4 22 2 6 5 0

S h ro p s h ire  
Benson 1892

2 .9 .8 2 * .1 0 5 5 0 2 6 5 0

S h ro p sh ire  
B enson 1895

2 .3 3 ,2 \ .0 7 4 14 2 6 5 0

H anw ell 
F ren ch  1870

5 .5 .80%. 14 4- 10 2670

Ben Law ers 
Schenk 1863

4 .8 .7 0 x .0 8 4 4 6 2670

Car d ig a  n s h ir e  
P a in te r  1904-

1 .9 .60% .10 4 28 2 7 0 0

G rave sen d  
Pocock

2 .4 1.1% .12 4 146 2 7 2 0 .

D o rse t 
Wood 1879

4 .3 . 7 2  X . 0 8 4 64 27 2 0

D a rg le  
T a y lo r  1849

3 .1 . 5 2 X . 0 6 4 54 2 7 7 0

F l i n t
R ic h a rd s  1911

1 .5 .70% .08 4 88 2 8 0 0

P enzance 
Cumon 1862

1 .3 • 5 6 x . 0 8 5 96 2 9 1 0

Which B rough ton  
F ren ch  1 8 4 5

1 .7 • 6 6 x .10 4 100 2 9 5 0

D ouglas 
C a r ro l  1874

1 .4 .6 2  X .0 9 4 68 3 1 0 0

C a e rg u r le  
R ic h a rd s  1907

3 .0 . 9 2 X .1 0 4 72 3 3 2 0
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T a b le  11 Sporoohyte ,

/ w i t h  s e ta  S pore  d ia m e te rS e ta
crns

C o l le c t io n C ap su le
eras

C o t t e r a l  C lough 120

S u th e r la n d s h i r e 150

S to k e  Wood

F o r f a r s h i r e 130

V /in ch es te r 120 '• V

30y.08 15c

C o t t e r a l  C lough 
1827 _______

2 .0 100 20

o n a l ly

T u n b rid g e 120 20

A berdeen

R a d n a sh ire 2 0 \ .1 0 22

Over 2 .2

P e n tla n o s

H e re fo rd 2 .5

1 6 0B re c o n s h ire 20
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Sporophyte ctd .

C o l l e c t io n S e ta
ans

C ap su le
cms

/[w ith  s e ta S pore d ia m e te r  
u

A berdeen
1910

1 .0 . 25% .10 1 6 0 * 27

A b e rfe ld y 0 .8 .20% .10 1 7 0 * 21

S h ro p s h ire
1892

2 .5 .50% .08 170' 22

S h ro p s h ire
1895

0 .4 .15% .08 l8Cr 20

H anw ell 2 .0 . 2 5 %. 08 15O" 22

C a rd ig a n 1 .9 .3 5 % .1 0 155" 21

C rav esen d 1 .9 .50X .08 1 5 0 ' 21

D o rse t 3 .2 . 5 0 %. 12 1 4 0 ' 20

D arg le 0 .3 .10% .10 180" -

F l i n t 1 .8 .50% .12 1 7 0 ° 21

P enzance 2.1 ,3 5 x ,0 6 155" 19

I'diich B rough ton 1.1 .20% .10 180° 22

D ouglas 2 .2 . 3 OX.O8 145* 21

C a e rg u r le 2 .4 . 25% .08 135 ' 19
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A .undu la tum  varK ' h a u s s k n e c h t i i

The two c o l l e c t i o n s  in  D ixons h e rb a riu m  væ re from  E u ro p e . D ata  

o b ta in e d  from  th e  c o l l e c t i o n  By Schenk from  C zeck o S lo v ak ia  sjre sum m arized 

in  T a b le  12.

T a b le  12

C o l le c t io n H e ig h t
cms

L ea f s iz e  
cms

L am ellae S p in e s
2

C e ll^ m m

C zeckoS lovak ia  
Schenlc 1915______ _

1 .8 .6 4  % • 16 4 244 241.0

S e ta
cms

C ap su le
cms

^ v /i th  s e ta S pore  d ia m e te r  
u

1.9 . 4 0 %.08 180* 13

D ixon n o te d o f  S chenk’ s c o l l e c t i o n t h a t  ’A ccord ing  to Loeske

t h i s  v a r i e t y  s h o u ld  have th e  c a p s u le  s u b e r e c t . I n  th e s e  specim ens 

th e  c a p s u le s  a r e  a l l  e r e c t  and th e  p l a n t s  c a n n o t t h e r e f o r e  be  o f  th e  

ty p e .*  S in c e  however^ th e  p l a n t s  had b een  d e te rm in e d  by L o esk e , th e  

d e g ree  o f  c u rv a tu re  o f  t h e  c a p s u le  may be  c o n s id e re d  o f  l i t t l e  d ia g n o s t i c  

im p o rta n c e . The p l a n t s  o f  Schenk*s c o l l e c t i o n  had  a d i s t i n c t i v e  a p p e a ra n c e  

due to  th e  v e ry  b ro a d , u n d u la te  l e a v e s .  The lam in a  o f  th e s e  b o re  

num erous, sm a ll s p in e s ,  v/hich w ere a r ra n g e d  i n  t r a n s v e r s e  rowTS o f  up 

to  t h i r t e e n .  The c a p s u le s  w ere a l l  b o rn e  e r e c t  on th e  s e ta e  and c o n ta in e d  

r e g u l a r l y  shap ed  s p o re s  w hich a v e ra g e d  o n ly  13u in  d ia m e te r .  I n v e s t i g a t i o n s  

o f  th e  p e r ic h a e t iu m  showed t h a t  i n  m ost c a s e s  th e  a rc h e g o n ia  w ere 

form ed below  th e  a n t h e r i d ia  on th e  s tem , and t h a t  g ro w th  c o n tin u e d  

a f t e r  a n t h e r i d i a l  fo rm a tio n , a l th o u g h  p l a n t s  writh te r m in a l  a rc h e g o n ia
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w ere a l s o  fo u n d .

T ab le  13

C o l l e c t io n

H a l len 
L e t t e r  1896

H eig h t L eaf s i z e L am ellae  S p in e s  C ells/m m ^
cms cms

2 .2 .48**08 4  143  2830

S e ta C ap su le / v / i t h  s e t a  Spore d ia m e te r
cms cms u

2 . 7 .40%. 09 1 3 0 * 24

The G-eruian p l a n t s  c o l l e c t e d  by L e t t e r  (T a b le  1 3 ) b o re  p o ly s e to u s  

p e r i c h a e t i a  o r  ones c o n ta in in g  s e v e r a l  f e r t i l i z e d  a rc h e g o n ia .  The 

a rc h e g o n ia  w ere a lw ays b o rn e  above th e  a n t h e r i d i a  on th e  stem . As 

n o te d  by rV arn s to rf, t h i s  f a c t  a lo n e  i s  i n s u f f i c i e n t  t o  d e c id e  w h e th e r 

th e  p l a n t s  a r e  A .undu la tum  o r A .undu la tum  v a r  ^ h a u s s k n e c h t i i .  The 

l a r g e  s iz e  o f  th e  s p o re s  how ever, s u g g e s ts  t h a t  th e s e  p l a n t s  a i'e  

p o ly s e to u s  specim ens o f  A .undu la tum .

F our o th e r  E uropean  c o l l e c t i o n s  o f  A .undulatum  v a r  y  h a u s s k n e c h t i i  

w ere exam ined (T ab le  14)- L o i t l e s b e r g e r ’ s c o l l e c t i o n  in c lu d e d  p l a n t s  

b e a r in g  from  one to  f i v e  s e t a l  re m a in s  and  from  one to  th r e e  r i p e  

c a p s u le s  i n  a  s in g le  p e r ic h a e t iu m . i\rc h e g o n ia  w ere n ev e r t e r m in a l ,  

b u t  th e r e  v/ere v a r io u s  a rra n g em e n ts  o f  th e  sex  o rg a n s  e .g .  p u r e ly  

fem a le  p e r i c h a e t i a ,  and  ones i n  w hich th e  a n t h e r i d i a  and  a rc h e g o n ia  

w ere b o rn e  i n  th e  a x i l s  o f  d i f f e r e n t  le a v e s  on th e  stem  and  w ere 

s e p a ra te d  by g ro w th . The g am etophy te  was n o t s e p a ra b le  from  A .undu latum
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on any one c h a r a c t e r ,  b u t  th e  form  o f  th e  s p o ro p h y te , r e s e m b l in g th a t  

o f  A .ano;ustatum , a n  th e  sm a ll s iz e  o f  th e  s n o re s  was q u i t e  d i s t i n c t i v e .  

The two c o l l e c t i o n s  made by P a u l c o n s is t e d  o f  p l a n t s  b e a r in g  young 

and m atu re  s p o ro n h y te s .  The number o f  th e s e  b o rn e  on each  p l a n t  

a g a in  v a r i e d  from  one to  t h r e e ,  and  i n  a l l  c a s e s  th e r e  was some 

p r o l i f e r a t i o n  o f  th e  s tem  above th e  a rc h e g o n ia .  The sp o ro p h y te s  w ere 

a l l  e r e c t  and s le n d e r  w ith  sm a ll s p o re s .  I n  th e  c o l l e c t i o n s  by K a a la a s  

from  Norway th e r e  w ere p l a n t s  b e a r in g  one o r  two sp o ro p h y te s  and  a s  

many a s  th r e e  o ld  s e t a e .  In  th e s e  n i a n t s  l i t t l e  p r o l i f e r a t i o n  beyond 

th e  p e r i c h a e t a l  g ro u p  had ta k e n  p la c e  and th e  a rc h e g o n ia  w ere a lw ay s  

fo m e d  b elo w  th e  a n t h e r i d i a .  The c a p s u le s  re se m b led  th o s e  o f  A.a.ngus ta tu m  

and th e  sp o re s  w ere s m a ll .

T a b le  Mi. G-ameto p h y te .

C o l l e c t io n

O s te r r e ic h

O berbayern
P ap l 1902

S c h l ie r s e e  
P a u l 1911

Norway
K a a la a s

H e ig h t
crns

L e a f s iz e  
cms

L am ellae S p in e s C e l l s /  mnf

2 .2
1903

. 70% .10 4 2 5 0 3 2 2 0

1 .4 . 4 5 * .C6 5 146 2 6 8 0

1 ,6 « 60 k•06 4 130 2 8 7 0

2 .4 . 7 OX.1 4 5 2 7 0 3 2 1 0
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Table 14 ctd Sporophyteo

C o l le c t io n S e ta
cms

C ap su le
cms

/ v d t h  s e ta S pore  d ia m e te r  
u

O s te r r e ic h 1 .4 .06 ISO- 12

O b erb ay ern 1 .6 . 4 0  x .0 6 ISO" 12

S c h l ie r s e e 1 .4 *p8x.o6 1S0" 12

Norway 2 .0 *36x.06 ISO* 12

T hese r e s u l t s  s u g g e s t  t h a t  E uropean  specim ens o f  A .undu la tum  

v a r  y  h a u s s k n e c h t i i  c an  o n ly  be d i s t i n g u i s h e d  from  A ,undu la tum  by 

th e  sm a ll s iz e  o f  t h e i r  s p o re s  and  t h e i r  s le n d e r ,  e r e c t  c a p s u le .

The s iz e  o f  th e  l e a f  c e l l s  i s  n o t  d i s t i n c t  from  t h a t  o f  some spec im en s 

o f  A .undu la tum  and  a l th o u g h  th e  le a v e s  o f  th e  v a r i e t y  a p p e a r  to  be 

more sp in o u s  th a n  th o s e  o f  norm al A .u n d u la tu m  , th e  p l a n t s  o f  L e t t e r  

■with a  p o ly s e to u s  in f lo r e s c e n c e  b u t  a  sp o re  s iz e  re se m b lin g  t h a t  o f  

A .u n d u la tu m , a l s o  had  h ig h ly  sp in o u s  le a v e s*

Two c o l l e c t i o n s  o f  A .undu la tum  v a r y " h a u s s k n e c h t i i  from  B r i t a i n  

w ere exam ined and  d a ta  a r e  sum m arized i n  T a b le  15*
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T a b le  1$ .

C o l l e c t io n H e ig h t
cms

L ea f s i z e  
cms

L am ellae S p in e s C ells/ram ^

B u tte rm e re
D ixon 1895

2*6 .55X .06 4 60 2570

W alton 
V/heldon 1898

1 .8 .70;^. 10 5 106 2560

S e ta
cms

C ap su le
cms

/ y ± t h  s e t a S pore d ia m e te r  
u

2*1 *28x*08 16CT 21

The specim ens c o l l e c t e d  from  B u tte rm e re  had been  g row ing  i n  

san d  i n  th e  bed  o f  a  s tre a m . They b o re  s e v e r a l  im m ature sp o ro p h y te s  

b u t  s in c e  th e r e  w ere no r i p e  c a p s u le s  f t  was n o t p o s s ib l e  to  i d e n t i f y  

them  a s  th e  s p e c ie s  o r  v a r ie ty .T h e  p l a n t s  from  W alton b o re  l a r g e  

a r c u a te  c a p s u le s  c o n ta in in g  l a r g e  s p o re s ,  21u i n  d ia m e te r ,  an d  so i t  

i s  b e t t e r  to  r e g a rd  them  a s  a  p o ly s e to u s  form  o f  A .u n d u la tu m . r a t h e r  

th a n  a  s p e c ie s  o r  true, v a r i e t y .

The m a t e r i a l  c o l l e c t e d  by V a izey  a t  B ro x b o u rn e , H e r t f o r d s h i r e ,  

and  c a l l e d  by him  C a ther i n e a  l a t e r a l i s  V a iz e y , was examined* (T a b le  16) 

T a b le  16*

C o l le c t io n H e ig h t
cms

L eaf s i z e  
cms

L am ellae
, 2

S p in e s  C ells/m m

B roxbourne 2*4 * 6 5 x .10 4 98 2650
V aizey  1886

!
1 S e ta C ap su le /[w ith  s e ta S pore  d ia m e te r

cms cms u

2*2 .44^* 14 140" 22
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The e ig h t  B roxbourne p l a n t s  were  l a r g e  and  s ix  b o re  two c a p s u le s  

and  two b o re  th r e e  c a p s u le s .  Some o f  th e  p e r i c h a e t a l  g ro u p s  c o n ta in e d  

b o th  a rc h e g o n ia  and  a n t h e r i d i a  b u t  la c k  o f  m a te r ia l  p r e c lu d e d  any 

d e f i n i t e  s ta te m e n t  on th e  a rran g e m en t o f  th e  sex  o rg a n s . The s p o re s  

w ere n o rm a lly  22u i n  d i a n e t e r  b u t  o c c a s io n a l ly  a s  sm a ll a s  l6 u .  Thus 

th e s e  p l a n t s  can  be d i s t i n g u i s h e d  from  E uropean  sp ec im en s o f  

A .undu la tum  v a r Y h a u s s k n e c h t i i  by sp o ro p h y te  c h a r a c t e r s  and  e s p e c i a l l y  

by th e  much l a r g e r  s p o re s .  I t  seems b e t t e r  to  r e g a r d  them  a s  a  p o ly s e to u s  

form  o f  A .undu la tum  r a t h e r  th a n  a  t r u e  s p e c ie s  o r  v a r i e i y .

A. undu la tum  v a r ^  m inus

Thi'ee c o l l e c t i o n s  o f  B r i t i s h  m a te r ia l  o f  this"' v a r i e t y  w ere 

exam ined and  d a ta  a r e  sum m arized in  T a b le  17*

T a b le  17* Ga m e to p h y te .

C o l le c t io n H e ig h t
cms

L eaf s iz e  
cms

L am ellae S p in e s C ells/m m

K endal
B in s te a d  1885

0 ,6 .4 5 x .0 9 4 10 2150

H e r tfo rd  
D arto n  1908

0 .9 .60X.1O 5 68 2560

W estm orland 
E.H.K. 1911

1 .0 .6 0 * . 09 5 74 2280

S porophyte#

C o l le c t io n S e ta
cms

C ap su le
cms

/ w i t h  s e ta S pore  d ia m e te r  
u

W estm orland 0 .9 . 2 5 * . 06 165° 21
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The p l a n t s  w ere much s h o r t e r  th a n  th o s e  o f  A .undu la tum

p r e v io u s ly  exam ined and th o s e  c o l l e c t e d  by B in s te a d  b o re  v e ry

s h o r t  l e a v e s .  The c a p s u le s  an d  s e ta e  exam ined w ere a l s o  s m a lle r  th a n

th o se  o f  norm al A .und u la tu m  b u t  th e  d ia m e te r  o f  th e  s p o re s  was th e  same.

2 ) .  C o l l e c t io n  o f  l i v in g  m a te r ia l .

T h is  s p e c ie s  i s  v e ry  w id e sp re a d  and  i t  was p o s s ib le  to  c o l l e c t  

p l a n t s  from  a  v a r i e t y  o f  h a b i t a t s  in  s o u th e rn  E ngland  and  W ales.

P a r t i c u l a r  s e a rc h  was made f o r  p l a n t s  show ing abnorm al s e x u a l  c h a r a c t e r s ,

3 ) * Morpho lo g y  and  c y to lo gy#

I n  l a t e  autum n p l a n t s  i n  th e  f i e l d  fo rm ed new s h o o ts  from  t h e i r  

rh iz o ra a to u s  b a s e .  These s h o o ts  o v e rv /in te re d  and  in  th e  fo llo w in g  

s p r in g  g ave  r i s e  to  a n t h e r i d i a l  p e r i c h a e t i a  a t  t h e i r  a p ic e s ,  tinder 

fa v o u ra b le  c o n d i t io n s  p r o l i f e r a t i o n  o f  th e  apex  to o k  p la c e  th ro u g h  

th e s e  p e r i c h a e t i a  and  a rc h e g o n ia  w ere fo rm ed  a f t e r  a  l i t t l e  g rov /th  

had ta k e n  p la c e .  A p ic a l g row th  o f  th e  sh o o t th e n  c e a s e d . I n  l a t e  s p r in g  

nev/ s h o o ts  a ro s e  from  th e  same p l a n t  b a s e s  and  a rc h e g o n ia  w ere form ed 

a t  th e  end.s o f  th e s e  w ith o u t th e  p r e v io u s  fo rm a tio n  o f  a n t h e r i d i a .

I n  th e  w et C a s ta n e a  woods o f  K en t, p l a n t s  o f te n  p r o l i f e r a t e d  from  

below  th e  a rc h e g o n ia l  g ro u p  and  c au se d  th e  sp o ro p h y te s  to  a p p e a r  

l a t e r a l .  These p l a n t s  w ere grow n i n  a  c o ld  fram e and  th e  more norm al 

ty p e  o f  g ro v /th , w ith o u t  t h i s  p r o l i f e r a t i o n ,  to o k  p la c e .

A s in g le  p o p u la t io n  i n  w hich a rc h e g o n ia  b u t  n o t  a n t h e r i d i a
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w ere fo rm ed , and two p o p u la t io n s  in  w hich a n t h e r i d i a  a lo n e  w ere fo rm ed , 

w ere exam ined. F u r th e r  i n v e s t i g a t i o n  o f  th e s e  p l a n t s  i s  r e p o r te d  in  

th e  s e c t io n  d e a l in g  v fith  p l a n t s  o f  abnorm al s e x u a l c h a ra c te r*

3 a ) .  Morphol ogy and  c y to lo g y  o f  norm al p l a n t s *

The p la c e s  i n  w hich p l a n t s  w ere fo u n d  may be d iv id e d  i n to  th r e e

m ain ty p e s ,  nam ely , daiïç) and  sh ad y , damp and ex p o sed , d ry  and exposed*

Those p l a n t s  from  d ry ,  exposed  p l a c e s ,  such  s.s s to n y  h i l l s i d e s ,  w ere

s h o r t  and b o re  sm a ll le a v e s  o f te n  w dth th ic k e n e d  c e l l  w a l l s .  P la n t s

from  w e t, ex posed  p la c e s  e x h ib i te d  th e  w id e s t  ra n g e  o f  fo rm , b o th  i n

p l a n t  s i z e  and l e a f  c h a r a c t e r s .  153  p o p u la t io n s  w ere exam ined from

damp, shaded  p l a c e s ,  187 from  w et exposed  p la c e s  and  147 from  d ry ,

exposed  p l a c e s .  The v a r i a t i o n  o f  c e l l  s iz e  and th e  number o f  s p in e s

b o rn e  on th e  lam in a  o f  th e s e  p l a n t s  i s  shown in  F ig s  10 and  11. L eaves

b e a r in g  few er th a n  20 s p in e s  w ere fo u n d  to  be  n o n -u n d u la te .A f te r

c u l t i v a t i o n  in  a  c o ld  fram e f o r  a  y e a r ,  th e  v a r i a t i o n  i n  numiber o f

c e l l s  was v e ry  much re d u c e d . A few  i s o l a t e d  p l a n t s  from  w et ex p o sed

h a b i t a t s  b o re  le a v e s  w ith  a b n o rm a lly  h ig h  num bers o f  s p in e s  on them

b u t  w ere o th e rw is e  in d i s t i n g u i s h a b le  from  th e  o th e r  p l a n t s .  These

r e s u l t s  a r e  shovm in  P ig s  12 and 1 3 ,Thus p l a n t s  grown in  a c o ld  fram e
2

w i l l  b e a r  le a v e s  h av in g  2000-2800 c e l l s  p e r  mm o f lam ina*

O b s e rv a tio n s  on 387 p o p u la t io n s  o f  sp o ro p h y te s  showed t h a t  

t h e r e  was some u n ifo r m ity  o f  m orphology w i th in  an  i s o l a t e d  g ro u p  

o f  p l a n t s .  E x c e p t io n a l ly ,  m alform ed c a p s u le s  o r  c a p s u le s  b o rn e  s e v e r a l
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to  a  p e r ic h a e t iu m , w ere re d u c e d  i n  s i z e ,  c a p s u le s  w ere a r c u a t e ,

th e  a n g le  betw een  th e  s e t a  and th e  l i n e  drav/n th ro u g h  th e  m outh o f  

th e  c a p s u le  v a ry in g  from  120^to  I 65* b u t  th e r e  was no c o r r e l a t i o n  

betw een  th e  d ia m e te r  o f  th e  c a p s u le  and  th e  d e g re e  o f  b e n d in g  ( a s  

in  A .a n g u s ta tu m ) . 38? i s o l a t e d  p o p u la t io n s  w ere u sed  to  f i n d  th e  

d i s t r i b u t i o n  o f  c a p s u le  le n g th  and  20 c a p s u le s  v/ere m easu red  from  

each  c o l le c t io n .T h e s e  r e s u l t s  a r e  shown g r a p h i c a l l y  i n  P ig  14*

100 s p o re s  w ere m easured  from  each  c a p s u le  and  t h e i r  a v e ra g e  s iz e  

found  to  be 21 u . Up to  70;a d ead  s p o re s  w ere fo u n d  i n  some c a p su le s*

P l a n t s  o f  th e  above p o p u la t io n s  w ere grow n i n  a c o ld  fram e 

and th e  n e x t s e a so n  w ere s e l f - f e r t i l i z e d  an d  th e  r e s u l t i n g  sp o ro p h y te s  

m easu red . The v a r i a t i o n  i n  capsu le  l e n g th  i s  shovm i n  th e  second, 

c u rv e  on P ig  14* The v a r i a t i o n  i s  re d u c e d  s l i g h t l y  i n  p l a n t s  grown 

u n d er th e  same c o n d i t io n s  i n  a  c o ld  fram e b u t  th e r e  i s  s t i l l  a  w ide 

ra n g e  o f  sp o ro p h y te  s iz e  ( 0 .2 - 0 . 5cm s*) No c a p s u le  c o n ta in e d  m ore th a n  

dead  o r  m alform ed s p o re s .  The l i v i n g  s p o re s  had an  a v e ra g e  d ia m e te r  

o f  21u .

A ll  p l a n t s  d e s c r ib e d  so f a r  w ere u se d  f o r  c y to lo g ic a l  w ork.

The number o f  h e te ro p y c n o t ic  b o d ie s  p r e s e n t  i n  th e  r e s t i n g  n u c le i  

o f  th e  gam eto p h y te  v a r i e d ,  b u t  g e n e r a l l y  c o n s is t e d  o f  t h r e e  l a r g e  

and  th r e e  sm a ll b o d ie s ,  th e  l a t t e r  o c c u r r in g  i n  th e  n u c le o lu s  (P ig  2 8 ) .  

23  p l a n t s  hov/ever, had e ig h t  such  g r a n u le s  (P ig  27) and  one p o p u la t io n  

o f  f i v e  p l a n t s  o n ly  f i v e  (P ig  2 6 ) .M i to t i c  c o u n ts  o f  N=21 (P ig  29) 

w ere o b ta in e d  from  a l l  th e s e  p l a n t s .  One p o p u la t io n  o f  p l a n t s  o f  norm al
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a p p ea ra n c e  w hich had  m o ti le  sp e rm a ta z o id s  in  th e  a n t h e r i d i a  and f e r t i l i z e d  

a rc h e g o n ia  a t  th e  stem  a p ic e s ,  had o n ly  two h e te r o p y c n o t ic  b o d ie s  

i n  th e  r e s t i n g  n u c le u s  and a  chromosome number o f  N = l8 -1 9 (P ig  3 0 ) .

T h is  was co n firm ed  by i n v e s t i g a t i o n  o f  sp o ro p tç '- tic  t i s s u e .

I n  t h i r t y  th r e e  p o p u la t io n s  from  W ales, tw en ty  from  Devon and 

te n  from  K en t, 21 b i v a l e n t s  w ere a lw ay s form ed a t  m e io s is .  I n  th e s e  

p l a n t s  th e r e  was a  l a r g e  ra n g e  o f  sp o re  m o ther c e l l  d ia m e te r ,  th e  s m a l le s t  

b e in g  l^ iian d  th e  l a r g e s t  n o rm a lly  shaped  one 24u in  d ia m e te r .  An 

i r r e g u l a r l y  sh ap ed  sp o re  m other c e l l  w ith  a  d ia m e te r  o f  33u was fo u n d  

in  one c a p s u le  (P ig  4 0 ) .  I n  a l l  o th e r  p o p u la t io n s  o f  p l a n t s  th e r e  was 

a v a r i a t i o n  i n  th e  number o f  g ro u p s  fo rm ed a t  m e io s is ,  even w i th in  a  

s in g l e  c a p s u le .  An a n a ly s i s  o f  th e  number o f  g ro u p s  a t  f i r s t  m etap h ase  

i n  c a p s u le s  from  sev en  p o p u la t io n s  i s  g iv e n  in  T a b le  l 6 .  I t  can  be 

s e e n  t h a t  i n  th e s e  c a p s u le s  th e  number o f  g ro u p s  v/as n e v e r  l e s s  th a n  

e ig h te e n  and n ev e r m ore th a n  tw en ty  t h r e e .  Some o f  th e  l a r g e r  c o n f ig u r a t io n s  

fo u n d  w ere p o s s ib ly  p o ly v a le n ts ,  and  some o f  th e  sm a ll o n es were 

c e r t a i n l y  u n iv a le n t s  s in c e  th e y  w ere ro u n d  and  rem a in ed  u n d iv id e d  

on th e  e q u a to r  a t  anap h ase  o r  p a s s e d  s lo w ly  to  one p o le  w ith o u t  d iv id in g .

F ig s  4 1 -4 4  w ere draw n from  a s in g le  c a p s u le ,  c o l l e c t e d  in  K e n t, 

i n  w hich tw e lv e  o u t  o f  th e  two th o u san d  c e l l s  exam ined showed some 

fo rm  o f  i r r e g u l a r i t y  a t  m e io s is .  An a n a ly s i s  o f  t h i s  c a p s u le  showed 

t h a t  i n  th r e e  s p o re  m other c e l l s ,  b o th  seco n d  m etaphase  p l a t e s  o f  

each  c e l l  had 21 c o n f ig u r a t io n s  on them , s u g g e s t in g  t h a t  some r e g u l a r  

f i r s t  m etap h ase  p l a t e s  w ith  21 b i v a l e n t s  on them  o ccu rred *  I r r e g u l a r
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d i s t r i b u t i o n  o f  cliromosomes o c c u r re d  in  one c e l l  w here th e r e  w ere o n ly  

20 chromosomes on one second  m etaphase  p l a t e .  A sp o re  m o ther c e l l  

i n  w hich th r e e  b i v a l e n t s  and  an a s s o c i a t e d  g ro u p  have b ee n  l e f t  on th e  

e q u a to r  a t  an ap h ase  i s  shown i n  F ig  43 and a  la g g in g  chromosome w bich 

h as  b een  e x c lu d ed  from  th e  n u c le i  i n  F ig  44# S e p a ra t io n  a t  second 

an ap h ase  was i r r e g u l a r  i n  some c e l l s  w ith  th e  fo rm a tio n  o f  b r id g e s  

and f ra g m e n ts .

T ab le  16.

C o l l e c t io n Number o f  c e l l s  c o n ta in in g  c e r t a i n  num bers 
o f  c h ro m a tic  g ro u p s  a t  1 s t  m etaphase*

W ales 3 . 2 - 1 19 - -

Devon 5# 1 - 20 22 - -

S u rre y  9 # — 2 1 8 - -

S u rre y  5# - 1 1 10 3 -

S u r re y  2 . - 2 - 7 1 1

S u rre y  27 . - - 3 5 1 -

S u rre y  35# - - 1 19 2 1

The a n e u p lo id  p la n ts (N = l8 -1 9 ) d e s c r ib e d  on p ag e  7 3 , v/ere m onoecious 

and b o re  s e v e ra l  sp o ro p h y te s , from  one o f  w hich a  s l i d e  showing
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m e io s is  was p re p a re d .  The a v e ra g e  sp o re  m o ther c e l l  d ia m e te r  was 22u 

and o n ly  f i v e  o f  th e  two th o u san d  c e l l s  exam ined had  i r r e g u l a r  

d iv i s io n  a t  m e io s is .  I n  each  o f  n in e  f i r s t  m etaphase  p l a t e s  from  t h i s  

c a p s u le  19 b i v a l e n t s  w ere d i s t i n g u i s h e d .  A c o u n t a t  second  m etaphase 

a l s o  shov/ed t h a t  19 chromosomes w ere p r e s e n t .  No b r id g e s  o r  f ra g m e n ts  

w ere fo u n d  a t  second an ap h ase  and th e  c le a v a g e  o f  th e  cy to p lasm  

was r e g u la r  (F ig  45)*

H y b r id i ty  v /ith  o th e r  s p e c ie s  o f  A trichum .

S h o o ts  o f  k . u n d u la tu m (N=21) w hich b o re  a rc h e g o n ia  b u t  no a n t h e r i d i a  

w ere o b ta in e d  by rem oving a l l  s h o o ts  b e a r in g  a n t h e r i d i a  d u r in g  

th e  s p r in g  and c u l tu r in g  th e  new s h o o ts  a r i s i n g  from  th e  o ld  

rh iz o m a to u s  b a s e s  u n d er c o n d i t io n s  o f  h ig h  h u m id ity . T hese p l a n t s  w ere 

c ro s s e d  v /ith  A. c r isp u rn , A .te n e l lu m , A .ang u s ta tu m  and A .u n d u la tu m(N=14)* 

S p e rm a tazo id s  o f  A. c risp u rn , A. te n e llu m  and  A. undu la tum (N=14 )  w ere 

u n a b le  to  e f f e c t  f e r t i l i z a t i o n  a l th o u g h  p l a n t s  o f A. undu la tum  (N =2l), 

i n  th e  same p o t s  a s  th e  e x p e r im e n ta l  p la n ts ^ p ro d u c e d  sp o ro p h y te s  

when . f e r t i l i z e d  by  A .u n d u la tum(N=21 ) s p e rm a ta z o id s . S perm atazo id js 

o f  A .a n g u s ta tum f e r t i l i z e d  egg c e l l s  o f  A .u n d u la tu m i n  th r e e  c r o s s e s  

o u t o f  th r e e  h u n d red . One m atu re  sp o ro p h y te  was o b ta in e d  , th e  o th e r s  

dy in g  when le s s ,  th a n  1mm i n  l e n g th .  The c a p s u le  was a r c u a te  when s t i l l  

g re e n  and  meas u r edO. ,1 0 cms. The av e rag e  d ia m e te r  o f  th e  sp o re  m o th er

c e l l s  was I8 u . Only one m e io t ic  m etaphase  was c l e a r  enough f o r  a 

chromosome co u n t to  be made. On t h i s  p l a t e  th e r e  w ere f i f t e e n  l a r g e  

c h ro m a tic  g ro u p s  and two v e ry  sm a ll b o d ie s ( F ig  4 8 ) .  E x c lu d ed  chromosome 

fra g m e n ts  o r  supernum aiy  n u c le i  o c c u r re d  i n  94 o u t o f  200 c e l l s
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v/hich had com pleted  d iv i s io n .

3 b ) .  Mo rp h o logy and c y to l ogy o f  p la n t s  s howing u nus u a l  c h a r a c te r s .

i .  P la n t s  c o l l e c te d  from  a p in e  wood a t  O x sh o tt, S u rre y , b o re  u n f e r t i l i z e d  

a rc h e g o n ia  a t  th e  stem  a p ic e s  a t  th e  tim e  o f c o l l e c t i o n  ( J u ly  1951)•

The p l a n t s  av e ra g ed  3*2cms in  h e ig h t  and. b o re  u n d u la te  le a v e s  C.6cms 

in  le n g th  and O .lcrns in  m d th .  T here w ere f iv e  la m e lla e  on th e  nerve  

and 5 8 -7 6  s-nines on th e  la m in a , and  246O c e l l s  were form ed p e r  mm 

o f  l e a f  la m in a . None o f th e s e  c h a r a c te r s  a l t e r e d  vdien th e  p l a n t s  w ere 

c u l t i v a t e d  i n  a  c o ld  fram e. D uring  th e  th r e e  sea so n s  t h a t  th e s e  p l a n t s  

w ere under c u l t i v a t i o n ,  a rc h e g o n ia  were form ed a t  th e  stem  a p ic e s  b u t  no 

a n th e r id ia  w ere fo und . The a rc h e g o n ia  w ere norm al i n  ap p ea ran ce  and th e  

egg c e l l s  w^ere f e r t i l i z e d  by sp e rm a ta zo id s  o f  o th e r  c lo n e s  o f  A .undulatum  

The r e s u l t i n g  sp o ro p h y te s  were a r c u a te  when r ip e  and av e rag ed  0 . 3 6 cms i n  

le n g th  and 0 .0 8 cms in  w id th . R e s tin g  n u c le i  o f  th e  garae to p h y tes  c o n ta in e d  

th r e e  la r g e  and th r e e  sm all h e te ro p y c n o tic  g r a n u le s  and 21 chromosomes 

v/ere v i s i b l e  a t  m i to s i s .  M e io s is  was r e g u la r  and 21 b iv a l e n t s  w ere fo rm ed . 

Thus th e s e  p l a n t s  w ere norm al e x c e p t f o r  th e  ab sen ce  o f  a n th e r id ia .

1

I I .  A few  p l a n t s  were c o l l e c te d  w ith  A. t e ne llu m  from  a  d r ie d  o u t 

pond bed  a t  O x sh o tt. They were sm all and d ie d  under c u l t i v a t i o n .

The p l a n t s  w ere a l l  l e s s  th a n  0 .8 cms i n  h e ig h t  and b o re  le a v e s  

0 . 4 5 cms in  le n g th  and 0 .1 cms in  w id th . The le a v e s  were u n d u la te  and 

b o re  f iv e  la m e lla e  on th e  nerve  and 54-68 s p in e s  oh th e  la m in a .
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There were 2430 c e l l s  p e r  xnm̂  o f l e a f  s u r f a c e  .No a rc h e g o n ia  w ere found  

on th e s e  p l a n t s  b u t  a n t h e r i d ia  were p r e s e n t  i n  th e  a x i l s  o f  unm od ified  

leaves.T w o  la r g e  and two sm all h e te ro p y c n o tic  b o d ie s  w ere p r e s e n t  in  

th e  r e s t i n g  n u c le i  o f  th e  gam etophyte  and i t  was n o t p o s s ib le  to  d e te rm in e  

e x a c t ly  th e  number o f chromosomes a t  m i to s i s ,  w hich a p p e a red  to  l i e  

betw een  16 and 18. Thus th e s e  p l a n t s  w ere u n u su a l b ecau se  o f  th e  ab sen ce  

o f  a rc h e g o n ia  and th e  16-18 cliromosomes in s t e a d  o f  th e  norm al 21#

I I I .  An i s o l a t e d  g roup  o f  f iv e  p l a n t s  was found  in  a  p in e  wood a t

W isley  S u rre y . These a p p e a red  d i s t i n c t  from  o th e r  A .undulatum  p l a n t s

grow ing i n  th e  same wood. The le a v e s  o f  t h i s  p o p u la t io n  av e rag ed  0 .5 5 cms

i n  le n g th  and 0 .1  Gems in  v /id th . A3.1 th e  le a v e s  w ere r i g i d  and non-

u n d u la te  and b o re  f i v e  la m e lla e  and  uii to  240 sm a ll s p in e s  a r ra n g e d

in  t r a n s v e r s e  rows o f  9 -1 2 . F ig  15 com pares th e  number o f  c e l l s  
2

p e r  mn o f  th e s e  l a t t e r  specim ens w ith  t h a t  o f  norm al A .undulatum

p l a n t s  grow ing nearby* The a v e ra g e  f o r  th e  norm al A .undulatum  p l a n t s  was
2 o

2590  c e l l s  p e r  mm and f o r  th e  u n u su a l p l a n t s  4350 c e l l s  p e r  mm. • The

p l a n t s  w ere m onoecious and b o re  a n th e r id ia  in  th e  a x i l s  o f  unm o d ified

le a v e s  below  th e  te rm in a l  g ro u p  o f  a rc h e g o n ia . Three im m ature sp o ro p h y te s

w hich w ere b o rn e  s in g ly  on th e  p l a n t s ,  w ere a r c u a te .  These sp o ro p h y te s

p ro b a b ly  a ro se  from  f e r t i l i z a t i o n  w ith in  th e  g roup  o f p l a n t s  s in c e

th e  specim ens w ere s p a t i a l l y  i s o l a t e d  from  o th e r  specim ens o f

A. undulatum . R e s tin g  n u c le i  o f  th e  g arae to p h y tes  c o n ta in e d  two

la r g e  and two sm all h e te ro p y c n o tic  b o d ie s .  No p r e p a r a t io n  v /ith  a  c o u n ta b le

m etaphase p l a t e  was o b ta in e d . At m e io s is  th e  av e rag e  d ia m e te r  o f  th e
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sp o re  m other c e l l s  was 13u, t h i s  b e in g  2u s m a lle r  th a n  t h a t  o f  th e  

s m a l le s t  sp o re  m other c e l l  fo u n d  i n  norm al A .undu la tum  c a p s u le s .

I n  fo u r  o u t o f  e ig h t  hundred  d iv id in g  c e l l s  ro u n d  b o d ie s  w ere l e f t  on 

th e  e q u a to r  a t  m e io s is .  I n  f o u r  m etap h ase  p l a t e s  14 b i v a l e n t s  w ere 

c l e a r l y  v i s i b l e ( F i g  4 6 ) .  I n  a l l  o th e r  p l a t e s  exam ined th e  number 

c o u ld  n o t be c l e a r l y  d i s t i n g u i s h e d  b u t  a p p e a re d  to  l i e  i n  t h a t  r e g io n ,

A s in g le  c e l l  o c c u r re d  w ith  28 g ro u p s  b u t  th e s e ,  from  t h e i r  sh a p e , 

were assum ed to  be th e  h a lv e s  o f  r e c e n t l y  d iv id e d  b i v a l e n t s  (F ig  47)* I n  

b o th  n u c le i  o f  each  o f  two sp o re  m o ther c e l l s  a t  seco n d  m e tap h ase ,

14 chromosomes w ere v i s i b l e .  I t  i s  l i k e l y  from  t h i s  c y to lo g ic a l  

e v id en ce  and  from  th e  p o s s i b i l i t y  o f  c lo n a l  f e r t i l i z a t i o n ,  t h a t  th e  

p a r e n t  gam etophyt é s  o f  th e  sp o ro p h y te s  b o th  had  f o u r te e n  chrom osom es,

TV. C e r t a in  p l a n t s ,  c o l l e c t e d  from  th e  ban k s o f  th e  R iv e r  D a rt 

i n  Devon, form ed o n ly  a n t h e r i d i a .  These w ere b o rn e  i n  th e  a x i l s  

o f  le a v e s  fo rm in g  p e r i c h a e t i a ,  and p r o l i f e r a t i o n  th ro u g h  th e s e ,

com bined w ith  th e  n o n -d ecay  o f  th e  o ld  p a r t s ,  g ave  r i s e  t o  p r o s t r a t e

p l a n t s  a s  lon^; a s  9cms. A ll l e a v e s  w ere l a x  and n o n -u n d u la te  an d  b o re  

fo u r  la m e lla e  and  a  maximum o f  n in e  s p in e s .  These c h a r a c te r s  d id  n o t 

a l t e r  u n d e r c o ld  fram e c o n d i t io n s .  Under n a tu r a l  c o n d i t io n  in  th e  f i e l d  

th e  1 e a v e s  form ed d u r in g  May a v e ra g e d  0 .68cm s i n  l e n g th  and  O.IOcms
p

i n  v /id th  and  had  3300-2^100 c e l l s  p e r  mm o f  lajm ina. Y/hen c u l t i v a t e d
2

i n  a  c o ld  fram e th e  le a v e s  had  3800 c e l l s  p e r  irm ♦ The v a r i a t i o n  i n

l e a f  c e l l  s iz e  w ith  se a so n  o f  th e  y e a r  in  th r e e  ü l a n t s ,  o n e , two ,

and th r e e  y e a r s  o ld  r e s - n e c t iv e ly , i s  shown g r a p h ic a l ly  in  F ig  I 6 . The 

le a v e s  form ed on d i f f e r e n t  p l a n t s  a t  th e  same tim e  o f  th e  same y e a r
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have a s im i l a r  c e l l  s i z e .  However le a v e s  form ed d u rin g  th e  same se a so n  

o f  d i f f e r e n t  y e a r s  may have a  w id e ly  d i f f e r e n t  c e l l  s i z e ,  even v/hen 

b o rn e  on th e  same p l a n t .  M o tile  sp e rm a ta z o id s  from th e  a n t h e r i d i a  

o f  th e s e  p l a n t s  w ere u n a b le  to  e f f e c t  f e r t i l i z a t i o n  o f  egg c e l l s  

o f  any o f  th e  o th e r  B r i t i s h  s p e c ie s  o f  A trichum  # R e s t in g  n u c le i  o f  

th e  g am eto p h y te8 had two l a r g e  and two sm a ll h e te r o p y c n o t ic  b o d ie s  in  

them . M i to t i c  f ig u r e s  showed 14 chrom osom es, o f  v/hich s ix  w ere J  shaped  

and  e ig h t  V s h a p e d ,in  a l l  th e  c e l l s  exam ined.

A trichum  undjjlaJ^um v a r ^  m inus*

P la n t s  w ere c o l l e c te d  which w ere s im i l a r  to  th o s e  d e s c r ib e d  by 

Rose ( 1 9 5 0 ) a s  A, u n d u la turn vapgm in u s@ and  c o n s is te d  o f  fe m a le  p l a n t s  

b e a r in g  a rc h e g o n ia  and s ro r o p h y te s ,  s t e r i l e  p l a n t s  and  r a r e  m ale p l a n t s .  

The le a v e s  w ere l a x  and  n o n -u n d u la te  and th e s e  c h a r a c te r s  d id  n o t 

change u n d er c u l t i v a t i o n .  T here v/ere f o u r  la m e l la e  on th e  n e rv e  an d  

l e s s  th a n  e le v e n  s p in e s  on th e  la m in a . 2370 c e l l s  w ere fo rm ed  p e r  mn? 

o f l e a f  la m in a . The c a p s u le s  w ere e r e c t  o r  i n c l in e d ,  nearer a r c u a te ,  and  

a l th o u g h  up to  100; j o f  th e  sp o re s  in  c a p s u le s  c o l l e c t e d  from  th e  f i e l d  

v/ere d ea d , c a p s u le s  c o l l e c t e d  v/hen young and  m atured  i n  a  c o ld  

fram e c o n ta in e d  l e s s  th a n  15% dead s p o re s .  The m ale and  fem a le  p l a n t s  

w ere grown a s  s e p a ra te  c lo n e s  f o r  t l r r e e  s e a so n s  and  w ere s t r i c t l y  

d io e c io u s .  D ata a r e  sum m arized in  T a b le  17*
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Table 1?

C o l le c t io n

io u d h u rs t

H e ig h t L eaf s iz e  L am ellae  S p in e s  Gellq/m ni 
cms cms

1 .0

S e ta
cms

1 . 2

.4 O x . 07

.20x.08

4 2370

C ap su le  / w i t h  s e ta  Spore d ia m e te r  
cms u

180" 18

The la x ,w e a k ly  sp in o u s  le a v e s  and. th e  sm a ll e r e c t  c a p s u le s  a r e  

t y p i c a l  o f  A .te n e llu m  r a t h e r  th a n  a v a r i e t y  o f  A .undul a t u m. The 

s t r i c t  d io e c y  o f  th e  p l a n t s  shows t h a t  th e y  c a n n o t be 

A .undula tu m  v a r/?  m inus s in c e  t h i s  v a r i e t y  i s  m onoecious.

Fem ale p l a n t s  w ere c ro s s e d  v /ith  b o th  A .und u la tu m and A .te n e l lu m *

No f e r t i l i z a t i o n  o c c u rre d  v /ith  s p e rm a ta z o id s  o f  A. u n d u la  turn b u t  

sp e rm a ta z o id s  o f  A .te n e llu m  f e r t i l i z e d  th e  egg c e l l s  and  th e  r e s u l t i n g  

sp o ro p h y te s  re se m b le d  th o se  o f  A .te n e llu m  r a t h e r  th a n  th o s e  o f  A .u n d u la tum 

T h is  s u g g e s ts  t h a t  th e  p l a n t s  w ere in  f a c t  specim ens o f  A .te n e llu m .

A trichum  undula tu m  v a r ^  h a u ssk n e c h t i i .

No p l a n t s  w ere c o l l e c t e d  v/hich re se m b le d  th e  h e rb a riu m  specim ens 

o f  t h i s  v a r i e t y ,  p r e v io u s ly  exam ined.
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CHAPTER V.

DISCUSSION.

I n  th e  f i r s t  c h a p te r  o f t h i s  w ork , th e  d a ta  o b ta in e d  from  

th e  v a r io u s  f l o r a s  w ere rev iev /ed  and  th e  B r i t i s h  s p e c ie s  o f  A trichum  

d e s c r ib e d  on th e  b a s i s  o f  t h i s  in fo r ro a t io n . The c h a r a c te r s  u se d  i n  

t h e i r  d e s c r i p t i o n  w i l l  now be d is c u s s e d .

1 ) .  The p la n e  o r  u n d u la te  c h a r a c te r  o f  th e  l e a f .

The* u n d u la te  c h a r s .c te r  o f  th e  l e a f  a p p e a rs  to  be m ost m arked 

v/hen th e r e  a r e  many s p in e s  a r ra n g e d  on th e  lam in a  in  d i s t i n c t  t r a n s v e r s e  

rows and  when th e  l e a f  c e l l s  a r e  l a r g e  and  t h i n  w a lle d . L eaves w ith  

s p in e s  s c a t t e r r e d  i r r e g u l a r l y  o v er th e  la m in a  a r e  p la n e ,  a s  a r e  le a v e s  

i n  w hich th e  c e l l s  a r e  sm a ll and th ic k  v /a lle d . S in c e  i t  h as  b een  

shown t h a t  th e  number o f  s p in e s  v a r i e s  v /ith  e n v iro n m e n ta l c o n d i t io n s ,  

a s  d o es  th e  s i z e  o f  th e  l e a f  c e l l s ,  i t  i s  to  be e x p e c te d  t h a t  d i f f e r e n t  

e n v iro n m e n ta l c o n d i t io n s  w i l l  g iv e  r i s e  to  le a v e s  w ith  d i f f e r e n t  

d e g re e s  o f  u n d u la t io n .  T h is  may e x p la in  th e  o c c u rre n c e  o f  specim ens 

o f A .an g u st atum  w ith  u n d u la te  le a v e s  and  specim ens o f  A .undu la tum  N=21 

w ith  p la n e  le a v e s .

2 ) .  The s i z e  o f  th e  l e a f  c e l l s .

The s iz e  o f  th e  l e a f  c e l l s  i s  d i s t i n c t i v e  in  some s p e c ie s ,  

so t h a t  A. c r i  spurn c a n n o t be  c o n fu se d  v /ith  A .ap g u sta tu m  . Under 

c e r t a i n  e n v iro n m e n ta l c o n d i t io n s  A. c r i  spurn can  be c o n fu se d  v /ith  l a r g e  

c e l le d  A. undu la tum  and  A. t en e llu m  , and s i m i l a r l y  A .angu s ta tu m  can  

be c o n fu sed  v /ith  sm a ll  c e l l e d  A .undu la tum  . A .undulatum  and  A .te n e llu m
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c a n n o t be d i s t i n g u i s h e d  from  each  o th e r  on th e  c h a r a c te r  o f  c e l l  s i z e .

3 ) .  The number o f  s p in e s  on th e  lam in a  and  th e  number o f  la m e lla e  

on th e  n e rv e .

I n  a l l  th e  s p e c ie s  s tu d ie d  th e r e  i s  a v a r i a t i o n  in  th e  number 

o f s p in e s  on th e  lam ina, and  th e  number o f  la m e lla e  on th e  n e rv e .

The number o f  s p in e s  a p p e a rs  to  be in f lu e n c e d  by many e n v iro n m e n ta l 

f a c t o r s .

4 ) .  The d io e c io u s  o r  m onoecious c h a r a c te r  o f  th e  p l a n t s .

The d io e c io u s  n a tu re  o f  th e  th r e e  s p e c ie s  A .c risp u rn , A .te n e llu m  

and A .an g u sta tu m  i s  c o n s ta n t  i n  B r i t a i n ,  a l th o u g h  A. te n e llu m  may 

o ccu r a s  a  m onoecious r a c e  i n  F in la n d .  T h is  c h a r a c te r  can b e  u s e d  to  

s e p a ra te  them  from  m onoecious p l a n t s  o f  A .u n d u la tum. H ow ever, 

u n is e x u a l r a c e s  o f  A .undula tu m  o c c u r  i n  B r i t a i n  and  may be co n fu sed  

v d th  th e  n o rm a lly  d io e c io u s  s p e c ie s .

5 ) .  The m orphology o f  th e  s p o ro p h y te .

The c h a r a c te r  o f  th e  so o ro p h y te  a p p e a rs  to  be w e ll  d e f in e d  

when th e  c a p s u le s  o f  th e  d i f f e r e n t  s p e c ie s  a r e  g row ing u n d e r i d e n t i c a l  

c o n d i t io n s .  Under u n h e a te d  g ree n h o u se  c o n d i t io n s  A . t e n e l lu m c a p s u le s  

a r e  o b o v a te  and e r e c t  and so ca n n o t b e  c o n fu se d  w ith  th e  a r c u a te  

c a p s u le s  o f  A .undu la tum  grown u n d e r th e  same c o n d i t i o n s .A .undu la tum  

c a p s u le s  c a n n o t be c o n fu se d  v /ith  th o se  o f  A .an g u sta tu m  grow n i n  a 

u n h e a ted  g re e n h o u se , b u t  u n d e r  c o n d i t io n s  o f  low  te m p e ra tu re  

A .an g u sta tu m  c a p s u le s  may be b ro a d  and  a r c u a te  and o n ly  d i s t i n g u i s h a b le  

from  th o s e  o f  A .undu la tum  on th e  s iz e  o f  t h e i r  s p o re s .  F u r th e r  

c o n fu s io n  i s  c a u sed  by th e  v a r i e t y  A .undul atum  var(T h a u s s k n e c h ti i  i n
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w hich th e  c a p s u le  i s  s le n d e r  and e r e c t  and  c o n ta in s  sm a ll s p o re s ,  

s im i l a r  to  th o s e  o f  A .angustatum #

6)#The s i z e  o f  th e  spo res#

The mean s i z e  o f  th e  l i v i n g  s p o re s  i s  re m ark ab ly  c o n s ta n t  

w i th in  a s p e c ie s ,  b u t  th e  ra n g e  o f  s iz e  o f  th e  sp o re s  o f  a  s in g le  

c a p s u le  i s  l a r g e  and  depends on c o n d i t io n s  o f t e n p e r a tu r e  and h u m id ity  

a t  th e  tim e  o f  s p o re  m a tu ra t io n .  Thus mean s p o re  s iz e  can  be u se d  to  

d e l im i t  a  s p e c ie s  p ro v id e d  t h a t  a  l a r g e  number o f  s p o re s  from  many 

c a p s u le s  i s  an a ly sed #

The v a r i a t i o n  w hich o c c u rs  w i th in  a  s p e c ie s  and  th e  r e l a t i o n s h i p  

b e tw een  sex  e x p r e s s io n  and c y to lo g ic a l  s t a t u s  w i l l  now be d is c u s s e d  

and th e s e  r e s u l t s  co o p e red  w ith  th o s e  o f  f o r e ig n  w o rk e rs .

A. c r i  spurn.

The s e p a r a t i o n  o f  B r i t i s h  spec im ens o f  A .c risp u rn  from  th e  o th e r  

s p e c ie s  o f  A trichum  r e s t s  l a r g e l y  on th e  s p in e l e s s ,  n o n -u n d u la te  

form  o f  th e  le a v e s  and  th e  l a r g e  s iz e  o f  th e  l e a f  c e l l s  ( 2 9 - 3 7 u)

The f i r s t  two c h a r a c t e r s  a r e  c o n s ta n t  in  e x p re s s io n  b u t  v a r i a t i o n  

i n  th e  s iz e  o f  th e  c e l l s  i s  such  t h a t  th e r e  id  a n  o v e r la p  w ith  t h a t  

o f  A .undu la tum  K=21 and  A .te n e llu m # T h e re  a r e  u s u a l ly  few er th a n  fo u r  

i n t e r r u p te d  la m e l la e  on th e  n erv e  b u t  sm a ll spec im ens may be  co n fu se d  

w ith  A .te n e llu m  v/hich a l s o  h as  p la n e ,  l a r g e  c e l l e d  le a v e s  w ith  few  

o r no s p in e s  and  fo u r  l a m e l la e .  The l a r g e  a n t h e r i d i a l  p e r i c h a e t i a  

o f  A .c risp u m  s e rv e  to  d i s t i n g u i s h  i t  from  A .te n e llu m  w here th e  

p e r i c h a e t i a  a r e  v e ry  sm all and r a r e .  The u n is e x u a l  n a tu r e  o f  th e
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B r i t i s h  p l a n t s  o f  A*LMrÂ-PiH3 b as  to  be i n f e r r e d  s in c e  no a rc h e g o n ia  

have been  found  on any  p l a n t .  E x p e rim e n ta l work on th e  v a r i e t y  

■A.cris-nnm var/^  de n s ifo l iu m  s u g g e s ts  t h a t  th e  v a r i e t y  i s  o n ly  an  

enviroruT iental form  o f  th e  s p e c ie s .  The f a i l u r e  o f  A. c r i  spurn to  

h y b r id iz e  w ith  o th e r  s p e c ie s  o f  th e  genus i n  th e  l a b o r a to r y ,  com bined 

w ith  th e  r e s t r i c t e d  h a b i t a t  o f  th e  s p e c ie s ,  s u g g e s ts  t h a t  no h y b r id s  

a r e  to  be e x p e c te d  i n  th e  f i e l d .  The s p e c ie s  in  B r i t a i n  i s  h a p lo id ,  

w ith  a  chromosome com plem ent o f  N=7= 1H(v ) +3J +3V , o f  w hich one 

i s  a  t o t a l l y  h e te ro p y c n o t ic  chromosome.

T hese r e s u l t s  a g re e  f a i r l y  w e ll  w ith  th o s e  o f  Lowry f o r  A m erican 

m a te r i a l .  The c h i e f  d i f f e r e n c e  l i e s  in  th e  s m a l le r  c e l l s  o f  th e  

A m erican p l a n t s  ( 20 -25u  i n s t e a d  o f  2 9 -3 7 u ).

A .angus t atiHQ.

The s e p a r a t io n  o f  B r i t i s h  specim ens o f  A .a n g u s ta tu m from  th e  

o th e r  s p e c ie s  o f  A trichum  can  be c a r r i e d  o u t u sirig  b o th  th e  c h a r a c te r s  

o f  c e l l  s iz e  and  sp o re  s i z e .  The le a v e s  a r e  u s u a l ly  r i g i d  and  non- 

u n d u la te  w ith  many s p in e s  and  sm a ll  c e l l s  ( l2 ~ 1 4 u  ) ,  b u t  u n d e r  c e r t a i n  

e n v iro n m e n ta l c o n d i t io n s ,  u n d u la te  le a v e s  may be fo rm ed w ith  c e l l s  

I8 u  i n  d ia m e te r .  I n  th e  ab sen ce  o f  sp o ro p h y te s  th e  l a t t e r  c o u ld  be c o n fu se d  

w ith  sm a ll c e l l e d  fo rm s o f A. undu la tum  and  v/ould ap p ro x im a te  to  th e  

d e s c r ip t i o n s  o f  A .an g u sta tu m  var/g  rh y s to p h y llu m . S in c e  no r a c e  o f  

A .an g u sta tu m  h as  b een  fo u n d  i n  v/hich th e  u n d u la te  c h a r a c te r  o f  th e  

le a v e s  i s  g e n e t i c a l l y  d e te rm in e d , th e  v a r i e t y  i s  n o t c o n s id e re d  to
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be a t r u e  o n e . D ixon h im s e lf  n o te d  t h a t  th e  v a r i e t y  in te y g ra d e s  

w ith  th e  t r u e  s p e c ie s  and. so i s  n o t d i s t i n c t .  I t  i s  i n t e r e s t i n g  

to  n o te  t h a t  Low iy’ s A m erican specim ens o f  A .an g u sta tu m  b e a r  u n d u la te  

le a v e s  composed o f  c e l l s  1 2 ~15u in  d ia m e te r  and  t h a t  th e s e  p l a n t s  a r e  

s im i l a r  to  th e  J a p a n e se  m a te r ia l  o f  K u r i ta  (1937)* The d im en sio n s  o f  th e  

sp o ro p h y te  v a ry  w ith  th e  te m p e ra tu re  o f  m a tu ra t io n ,  and  a l th o u g h  norm al 

c a p s u le s  a r e  e r e c t  and s le n d e r  and  can  o n ly  be c o n fu se d  w ith  A .undu la tum  

v a r y  h a u s s k n e c h t i i , a r c u a te  c a p s u le s  a r e  form ed a t  te m p e ra tu re s  below  

8" G w hich can  b e  c o n fu se d  w ith  th o s e  o f  A. u n d u la tu m . Many a r c u a te  

c a p s u le s  w i l l  be  fo rm ed in  th e  f i e l d  d u r in g  y e a r s  when f r o s t s  and  

c o ld  w e a th e r  o c c u r  e a r ly  in  th e  autum n. A lthough  th e  a r c u a te  c a p s u le s  

can  be c o n fu se d  w ith  th o se  o f  A.u n d u la tu m , th e  sm a ll s i z e  o f  th e  s p o re s  

( l1 u )  i n  b o th  th e  e r e c t  and  a r c u a te  c a p s u le s  o f  A .a n g u sta tu m  d i s t i n g u i s h  

them  from  A .u n d u la tu m  N=21 w here th e  s p o re s  m easure 21 u . They can  

how ever, be c o n fu se d  w ith  A .undu la tum  var^6 h a u s s k n e c h t i i  w here th e  

s p o re s  m easure 12 -13u .

A .an g u sta tu m  i s  r e g u l a r l y  h a p lo id  i n  B r i t a i n ,  th e  chromosome 

com plem ent b e in g  N=7= 1H(V) +3V + 3J. T h is  d i f f e r s  from  t h a t  o f  J a p a n e se  

m a te r ia l  w here T atuno  found  N=7= 1 d (v ) +1h +3V + 2J. I n  th e  B r i t i s h  

m a te r ia l  no *h* chromosome i s  p r e s e n t ,  a l th o u g h  th e r e  i s  a  sm a ll  

h e te ro p y c n o t ic  s p o t  i n  th e  n u c le o lu s .

I t  i s  p o s s ib le  t h a t  A .an g u sta tu m  may h y b r id iz e  v /ith  A .te n e llu m  

i n  th e  f i e l d ,  a l th o u g h  no e v id e n c e  f o r  t h i s  h a s  y e t  b een  o b ta in e d .

The c r o s s  betw een  A .ang u s ta tu m  and  A. te n e llu m  made i n  th e  l a b o r a to r y  

p ro d u ced  c a p s u le s  c o n ta in in g  l i v i n g  s p o re s ,  b u t  th e s e  d id  n o t grow  i n t o
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a d u l t  n i a n t s .  The c ro s s  betw een  A .an g u sta tu m  and A .undu la tum  p ro d u c ed  

c a p s u le s  c o n ta in in g  o n ly  dead s p o re s .  S in ce  sex  o rg an s  o f  A .te n e llu m  

r ip e n  e a r l i e r  th a n  th o s e  o f  A .an g u sta tu m  , t h e r e  i s  l e s s  p o s s i b i l i t y  

o f  a  n a tu r a l  h y b r id  b e in g  form ed betw een  th e s e  s p e c ie s  th a n  b e tw een  

A .an g u sta tu m  and  A .u n d u la tum.

A .ten e llu m *

The s e p a r a t io n  o f  B r i t i s h  specim ens o f  A . t e nellum  from  

A .a n g u sta tu m  can  be c a r r i e d  o u t u s in g  th e  c h a r a c te r s  o f  l e a f  a p p e a ra n c e  

and s p in o u s n e s s .  I n  B r i t i s h  A .te n e llu m  th e  le a v e s  a r e  n o n -u n d u la te  

w ith  few  o r  no s p in e s  and  th e  l e a f  c e l l s  a r e  l9 -2 2 u  in  d ia m e te r .  These 

c e l l s  a r e  o f  th e  same s iz e  ra n g e  a s  th o s e  o f  A .undu latum  N=21 so t h a t ,  

i n  th e  ab sen ce  o f  p e r i c h a e t i a  and s*porophytes, w eakly  s p in o u s  fo rm s 

o f  th e  l a t t e r  c a n n o t be d i s t i n g u i s h e d  from  A .te n e l lu m . S im i la r ly  

i n  th e  a b se n ce  o f  a n t h e r i d i a l  p e r i c h a e t i a ,  sm a ll fo rm s o f  A .c risp u rn  

can  be c o n fu se d  w ith  A .te n e llu m  . The d io e c io u s  n a tu re  o f  th e  p l a n t  

h as  b een  c o n s ta n t  i n  th e  B r i t i s h  spec im ens exam ined, b u t  t h i s  may 

n o t be  so f o r  a l l  E uropean  specim ens s in c e  F in n is h  p l a n t s  have K=14 

and may p o s s ib ly  be  m onoecious. The c a p s u le s  o f  th e  B r i t i s h  p l a n t s  

a r e  a lw ay s s m a lle r  th a n  th o s e  o f  A .u n d u latum  an d  A .an g u sta tu m  and  

a r e  n ev er a r c u a te .  The l a r g e  num bers o f  dead  s p o re s  u s u a l ly  fo u n d  i n  

th e  c a p s u le s  a r e  due to  a d v e rse  e n v iro n m e n ta l c o n d i t io n s ,  p ro b a b ly  

e x c e s s iv e  d ry n e s s  when th e  c a p s u le s  a r e  m a tu rin g  d u r in g  th e  m onths 

o f  A ugust and  S ep tem ber. P la n t s  i d e n t i f i e d  by Rose a s  A .u n d u la tu m  

v a r /3 m inus have been  shown to  b e lo n g  to  A. t e n e l lum#
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The B r i t i s h  m a te r ia l  o f  A .te n e llu m  i s  a l l  h a p lo id ,  w ith  a  chromosome 

coriiplement o f  N=7 =1H(v ) +3V + 3 J, a lth o u g h  th e  o c c u rre n c e  o f  a n e u p lo id  

and p o ly p lo id  a n t h e r i d i a l  t i s s u e  su^fgests  t h a t  t h i s  s p e c ie s  may 

g iv e  r i s e  to  p o ly p lo id  fo rm s. These have so f a r  n o t b een  d is c o v e re d  in  

B r i t a i n .  The p l a n t s  o f  A .te n e llu m  c o l l e c t e d  by Varaama from  F in la n d  

have a chromosome com plem ent o f  N=14, and  d i f f e r  from  th e  B r i t i s h  

p l a n t s  i n  t h e i r  l a r g e ,  su in o u s  le a v e s  and  s t r o n g ly  a r c u a te  c a p s u le s .

The c e l l  s i z e  o f  th e s e  F in n is h  p l a n t s  hov/ever, i s  l i t t l e  d i f f e r e n t  

from  t h a t  o f  th e  N=7 B r i t i s h  -n ia n ts  an d  i t  seem s l i k e l y  t l i a t  th e  

F in n is h  spec im ens a r e  e i t h e r  o ld  p o ly p lo id s  d e r iv e d  from  A .ten e llu m . N=7 

w hich  have l o s t  a l l  'g ig a s*  c h a r a c t e r s ,  o r  a  re d u c e d  r a c e  o f  A. und u la tu m  

N=21. I n v e s t i g a t i o n s  o f  th e  h y b r id s  betw een  th e s e  d i f f e r e n t  p l a n t s  

a r e  n e c e s s a ry  b e f o re  t h i s  p o in t  can  be s e t t l e d .

A .te n e llu m  may form  h y b r id  c a p s u le s  w ith  o th e r  s p e c ie s  o f  

A tr ic h u m , b u t  t h i s  h as n o t b een  o b se rv e d  i n  th e  f i e l d .  I n  th e  l a b o r a to r y  

th e  c r o s s  b e tw een  A. te n e llu m  and  A .anp:ustatum  p ro d u ced  l i v i n g  g re e n  

s p o re s .  T h ere  i s  l i t t l e  p o s s i b i l i t y  o f  t h i s  c r o s s  ta lc in g  p la c e  i n  

th e  f i e l d  s in c e  th e  two s p e c ie s  r a r e l y  grow  to g e th e r  and  th e  sex  

o rg a n s  a r e  r i p e  a t  d i f f e r e n t  t im e s  o f  th e  y e a r .

A. undu la tum

A .u n d u la tu m  h as  b een  found  i n  B r i t a i n  b o th  a s  th e  w id e ly  d i s t r i b u t e d  

t r i p l o i d  (N=21) r a c e  and a s  two l o c a l l y  d i s t r i b u t e d  d i p l o i d  (N=14) 

r a c e s .  As th e  d i p lo id s  o c c u r  i n  v e ry  sm a ll numbers i t  i s  l i k e l y  t h a t  

o th e r  s im i l a r  r a c e s  o c c u r  i n ,  a s  y e t  u n d isc o v e re d , s i t u a t i o n s .
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The c h a r a c te r s  u sed  to  d e l in e a t e  A .undu la tum  a r e  th e  s t r o n g ly  

u n d u la te  l e a v e s ,  th e  m onoecious n a tu re  o f  th e  p l a n t s  and  th e  a r c u a te  

n a tu re  o f  th e  c a p s u le s .  Of t h e s e ,  o n ly  th e  a r c u a te  n a tu re  o f  th e  c a p s u le s  

i s  a t  a l l  c o n s ta n t  i n  e x p re s s io n .  The u n d u la te  na.ture  o f  th e  l e a v e s  

o f  th e  N=21 r a c e  v a r i e s  c o n s id e ra b ly  in  th e  f i e l d ,  a s  d o es  th e  number 

o f  s p in e s  on th e  la m in a . The d ia m e te r  o f  th e  l e a f  c e l l s  v a r i e s  from  

15 t o  2 4 u in  th e  f i e l d  b u t  o n ly  from  19 to  22u i n  a n  u n h e a te d  g re e n h o u se . 

T hus, i n  th e  ab sen c e  o f  p e r i c h a e t i a  and  s p o ro p h y te s , sm a ll c e l l e d  

p l a n t s  o f  A .undu la tum  (N=21) can  be c o n fu se d  Vvlth l a x  fo rm s 

o f  A. a n g u s ta tu m , an d  s p in e le s s  fo rm s o f  A. undu la tum  (N=21) w ith  

A .te n e l lu m . The le a v e s  o f  th e  d i p l o i d  m ale r a c e  o f  A .undu la tum  a r e  

l a x ,  s p in e l e s s  and n o n -u n d u la te  and  th e  l e a f  c e l l s  a v e ra g e  1$u i n  

d ia m e te r .  Thus young p l a n t s  o f  t h i s  r a c e  can  be c o n fu se d  w ith  sm a ll 

c e l l e d  specim ens o f  A .te n e l lu m . S im i la r ly ,  th e  d i p l o i d  m onoecious r a c e  

o f  A .undula tu m  h a s  r i g i d ,  s p in o u s ,  n o n -u n d u la te  le a v e s  m t h  l e a f  c e l l s  

l6 u  i n  d ia m e te r  and  so re se m b le s  A .anp:ust atum .

A n th e r id ia l  fo rm a tio n  may ta k e  p la c e  b e fo re  a r c h e g o n ia l  i n i t i a t i o n  

w hich may be on a s e p a ra te  b ra n c h  o f  th e  p l a n t ,  so t h a t  th e  m onoecious 

n a tu re  o f  A .u n d u la tu m (N=21) i s  o f te n  n o t a p p a r e n t .  Some p l a n t s  o f  

A .undu la tu m  (N =21), a l th o 'jg h  norm al v e g e t a t i v e l y ,  a r e  u n is e x u a l ,  an d  i t  h a s  

b een  shown t h a t  such  p l a n t s  may have th e  norm al com plem ent o f  chromosomes 

o r  may be a n e u p lo id s .  The m onoecious d ip lo id  r a c e  fo rm s a n t h e r i d i a l  

p e r i c h a e t i a  on th e  stem  below  th e  te r m in a l  a rc h e g o n ia  i n  th e  same way 

a s  th e  N=21 r a c e ,  b u t  th e  m ale d i p l o i d  r a c e  fo rm s s u c c e s s iv e  a n t h e r i d i a l  

p e r i c h a e t i a  a lo n g  th e  stem  in  th e  same way a s  A. c r i  spurn. Hov/ever, i t
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can  be d i s t i n g u i s h e d  from  th e  l a t t e r  by th e  sm a ll s iz e  o f  i t s  l e a f  c e l l s .  

The l e n g th  o f  th e  c a p s u le s  o f  A .und u latum  v a r i e s  from  0 .1  to  0 .5 cm s 

b u t  a l l  a r e  s t r o n g ly  a r c u a t e .  T h is  c h a r a c te r  can  be u se d  to  d i s t i n g u i s h  

A. undu la tum  from  norm al A .an g u sta tu m  b u t  n o t from  fo rm s w here th e

c a p s u le  h a s  m a tu re d  a t  low  te m p e ra tu re s .  The sp o re  s i z e  o f  21u how ever, 

w i l l  a lw ay s  d i s t i n g u i s h  A .u n d u la tu m E=21 from  A. a n g u s ta tu m v/hose s p o re s  

m easure  11u. The u n d u la te  c a p s u le  a l s o  d i s t i n g u i s h e s  A .undu la tum  

from  B r i t i s h  fo rm s o f  A .te n e llu m  b u t  n o t from  A .te n e llu m  N=1A a s  fo u n d  

i n  F in la n d .  The s p o re  m o th er c e l l  d ia m e te r  o f  th e  m onoecious d i p l o i d  

r a c e  o f  A. undu la tum  s u g g e s ts  t h a t  th e  sp o re  d ia ra e te r  o f  t h i s  p l a n t  

w i l l  be o n ly  15u so t h a t  p l a n t s  o f  t h i s  r a c e  c o u ld  be c o n fu se d  w ith  

some sped im ens' o f  A .angus t a t u m and  A .undu la tum  v a r  ^ h a u s s k n e c h t i i .

A. undu la tum  var/j> m inus i s  d e f in e d  a s  a  o la n t  much s m a lle r  i n  

a l l  p a r t s  th a n  A .undu la tum  w ith  l e s s  u n d u la te  le a v e s  b u t  o th e rw is e  

re se m b lin g  th e  s p e c ie s .  The m onoecious d i p l o i d  r a c e  o f  A .u n d u la tu m  

i n  w hich th e  le a v e s  a r e  s h o r t e r  and  n o n -u n d u la te  and  th e  l e a f  c e l l s  

sm a ll c o u ld  be su ch  a  v a r i e t y .  Even s o , i t  w ould be b e t t e r  to  d is c o n t in u e  

th e  u se  o f  th e  v a r ie ty j^ m in u ^ , e s p e c i a l l y  a s  th e  w ide e n v iro n m e n ta l 

v a r i a t i o n  fo u n d  i n  th e  s p e c ie s  c a u s e s  c o n fu s io n  v/hen th e  v a r i e t y  i s  

d e f in e d  on q u a n t i t a t i v e  m or].)hological d a ta  a lo n e .  P l a n t s  a r e  b e t t e r  

d e f in e d  on c y to lo g ic a l  d a ta  accom panied  by a  d e s c r i p t i o n  o f  t h e i r  

m orphology .

A .undu la tum  v a r ^  h a u s s k n e c h t i i  h a s  n o t b e en  fo u n d  i n  B r i t a i n .

The c h a r a c te r  o f  th e  p e r ic h a e t iu m  i s  u n s ta b le  in  A .u n d u la tu m  and  th e  

p e c u l i a r  form  o f  th e  in f lo r e s c e n c e  o f te n  found in  t h i s  v a r i e t y  may be
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c o n s id e re d  a s  r e l a t i v e l y  u n im p o r ta n t.  S pore  s i z e  how ever, i s  a  v e ry  

c o n s ta n t  c h a r a c te r  and th e  sm a ll s p o re s  o f  th e  E uropean  spec im ens 

o f  A .undu la tum  v a r y h a u s s k n e c h ti i  ( l2 -1 3 u  in  d ia m e te r )  d i s t i n g u i s h

them from  A .undu la tum  N=21 a s  fo u n d  in  B r i t a i n .  T h is  sm a ll sp o re  

s iz e  com bined w ith  th e  form  o f  th e  c a p s u le ,  w hich re se m b le s  t h a t  o f  

A .a n g u s ta tu m, s u g g e s t  t h a t  t h i s  v a r i e t y  may be a  d i p l o i d  r a c e  o f  

A ..undulatum  . C a th e r in e a  l a t e r a l i s  V a iz e y , i s  o n ly  a  p o ly s e to u s  

form  o f  A .u n d u la tu m .

A .u n d u la tu m o c c u rs  i n  B r i t a i n  m a in ly  a s  th e  N=21 r a c e  w ith  s p o ra d ic  

a n e u p lo id  p l a n t s ,  and  a s  two N=14 r a c e s .  T a tu n o  fo u n d  t h a t  J a p a n e s e  

m a te r i a l  o f  A .u n d u la tu m  had  N=21 and  A .undu la tum  v a r  m inus N=7*

So f a r ,  a l l  N=7 s p e c ie s  o f  A trichum  and  P o ly tr ic h u m  have b een  

d io e c io u s ,  and  i t  may be i n f e r r e d  t h a t  h i s  N=7 p l a n t s  were s im i l a r .

H is  d ia g n o s is  o f  th e s e  p l a n t s  a s  th e  v a r i e t y ^m inus may th e r e f o r e  be 

q u e s t io n e d  i n  t h a t  t h i s  v a r i e t y  i s  m onoecious. I n  A .undu la tum  N=21 

he i d e n t i f i e d  t h r e e  sex  chromosomes o f  w hich two V sh ap ed  chromosomes 

w ere X and  one J  sh ap ed  one a  Y. I t  has  n o t b een  p o s s ib l e  to  i d e n t i f y  

th e  sex  cliromosomes w ith  any d e f i n i t e  shape o f  chromosome i n  th e  

B r i t i s h  m a t e r i a l ,  b u t  th e r e  a p p e a rs  to  b e  v a r i a t i o n  i n  th e  number 

o f  X and Y chromosomes p r e s e n t .  I f  sex  d i f f e r e n t i a t i o n  i s  o f  th e  

XY ty p e ,  th e n  A .undu la tum  N=21 v /ith  th r e e  sex  chrom osom es, w i l l  be 

m onoecious w ith  a  ten d en cy  to  e x p re s s  one sex  more s t r o n g ly  th a n  th e  

o th e r .  T h is  w i l l  depend  on w h eth er (3A +2X +1Y) o r  (3A +1X +2Y) 

chromosomes a r e  p r e s e n t  i n  th e  n u c le u s . I n  th e  c a se  o f  th e  H=19 n i a n t s  

o f  A .undulatum  (p ag e  7 3 ) one h e te ro p y c n o t ic  chromosome, a  sex  cliromosome^
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was m is s in g , b u t  b o th  m ale and  fem ale  sex  c h a r a c te r s  w ere e x p re s s e d  

a s  i n  norm al N=21 p l a n t s .  Thus th e s e  p l a n t s  may have had  b o th  an  X 

and  a  Y chromosome. O th e r  p l a n t s  v /ith  N=16-18 (p ag e  76 } and a l s o  

v /ith  one sex  chromosome m is s in g , e x p re s s e d  o n ly  m ale c h a r a c te r s  

and  so may have had  two Y chrom osom es. S im i la r ly  th e  m onoecious 

d i p l o i d  r a c e  (p ag e? 7 ) may have had  (2A +X +Y) and th e  m ale d i p l o i d  

r a c e  (p ag e  7 8 )  (2A +2Y) cliromosomes. The p l a n t s  w hich w ere p u r e ly  

fem a le  (p ag e  76 ) and  v/hich had  th r e e  sex  cliromosomes, may have had  

(3A +3X). S p o res  v /ith  d i f f e r e n t  d i s t r i b u t i o n s  o f  sex  chromosomes 

m ig h t a r i s e  from  i r r e g u l a r  m e io t ic  d i v i s i o n  and  g iv e  r i s e  to  p l a n t s  

w ith  v a r io u s  sex  c h a r a c t e r s .  I n  d io e c io u s  s p e c ie s  o f  A trichum  X 

and Y chromosomes p a i r  to g e th e r  a t  m e io s is  an"' s e p a r a te  r e g u la r ly #

I n  t e t r a p l o i d  Grimmia M u h len b e ck ii ( Varaama 1949) X and  Y chromosomes 

c o n tin u e  to  p a i r  to g e th e r  even  in  th e  p re s e n c e  o f  a  hom ologous p a r t n e r .

I n  N=21 A .undul a t u m v rith  fo u r  X and  tv/o Y, o r  fo u r  Y and  two X chromosomes 

in  th e  sp o re  m o ther c e l l s ,  such  p a i r in g  w ould le a d  to  i r r e g u l a r i t i e s  

in c lu d in g  th e  fo rm a tio n  o f  t r i v a l e n t s  and  u n iv a l e n t s .  E x p e rim e n ta l 

ev id e n c e  f o r  th e  fo rm a tio n  o f  u n iv a le n t s  h a s  b een  fo u n d . S in ce  th e  

s iz e  o f  th e  chromosomes i s  sm a ll and  th e  number o f  p a i r i n g  segm ents 

a v a i l a b l e  l i m i t e d ,  i t  i s  n o t s u r p r i s in g  t h a t  th e  fo rm a tio n  o f  t r i v a l e n t s  

h a s  n o t been  o b se rv e d .

I t  i s  p o s s ib le  t h a t  A .un d u la tu m may h y b r id iz e  wi.th b o th  A . t e n e l lum  

and  A .A ngustatum  i n  th e  f i e l d  b u t  no e v id e n c e  f o r  t h i s  h as  been  

o b ta in e d .  A .te n e llu m  c o u ld  b e  c ro s se d  w ith  A .undula tu m  N=21 i n  th e  

l a b o r a to r y  b u t  no sp o ro p h y te s  m a tu red . A .u n d u latum  c o u ld  be c ro s s e d

91



i n  b o th  d i r e c t i o n s  w ith  A .en g u sta tu m  and  c y to lo g ic a l  e v id e n c e  s u g g e s ts  

t h a t  a few  v ia b le  s p o re s  m ig h t be fo rm ed.
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CHAPTER VI.

CONCLUSIONS.

The genus A trich u m  e x i s t s  i n  B r i t a i n  a s  fo u r  d i s t i n c t  s p e c ie s .

Of th e s e ,  th e  s p e c ie s  A. c r i  spurn and  A. a n g u s ta tu m  shov/ no e v id e n c e  

o f  d i s t i n c t  i n t r a - s p e c i f i c  r a c e s .  A .te n e llu m , a l th o u g h  o n ly  fo u n d  

so  f a r  a s  th e  N=7 r a c e  i n  B r i t a i n ,  o c c u r s  a s  th e  M=14 r a c e  i n  F in la n d  

and  d i f f e r s  m o rp h o lo g ic a l ly  from  th e  B r i t i s h  fo rm . A .undu la tum  

o c c u rs  m ain ly  a s  th e  1T=21 r a c e  w ith  v e ry  o c c a s io n a l  a n e u p lo id  p l a n t s ,  

and  a l s o  a s  two d i s t i n c t  N=14 r a c e s  w hich occupy v e ry  r e s t r i c t e d  

h a b i t a t s .  The v a r i e t y  A .undu la tu m  v a r ^  m inus w ould b e s t  be d e le te d  

from  th e  f l o r a s  ov/ing to  i n s u f f i c i e n t  c h a r a c te r  d e f i n i t i o n .  The d i p l o i d  

r a c e s  can th e n  be  d e s c r ib e d  u n d er t h e i r  d i s t i n c t  chromosome num bers 

and  l e f t  u n - named, s in c e  i t  i s  p ro b a b le  t h a t  many more such  r a c e s  

may be found  w ith  v a r io u s  d ia g n o s t i c  f e a t u r e s .  The v a r i e t y  

A .un d u la t i mi v a r y  h a u s s k n e c h t i i  s h o u ld  be r e t a i n e d  i n  th e  f l o r a s  

s in c e  i t  may o c c u r  i n  some m o u n ta in o u s d i s t r i c t s  an d , a t  p r e s e n t ,  

i t s  c y to lo g ic a l  s t a t u s  i s  unknown.

The fo llo w in g  k ey  f o r  th e  s e p a r a t io n  o f  th e  B r i t i s h  s p e c ie s  

o f  A tric h u m . b a se d  on d a ta  d e r iv e d  from  th e  p r e s e n t  i n v e s t i g a t i o n  

c o u p led  w ith  a  s tu d y  o f  th e  r e l e v a n t  l i t e r a t u r e ,  may now be a t t e m p te d : -
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1)

2 )

3 ) .

L e a f c e l l s  29-37  u - - - - - - - - - -  -  o r  i  spurn.

L e a f  c e l l s  12-27u -  - -  - -  - -  - -  - -  2 .

C ap su le  s h o r t ,  o b o v a te , e r e c t  o r  i n c l i n e d  -  -  -  te n e llu rn .

C ap su le  lo n g , e r e c t  , o r  lo n g , a r c u a te  -  -  -  -  3 ,

L ea f c e l l s  12—15u, N=7 # — — — — — — — — — apg^u s t a  turn,

L eaf c e l l s  15~22u, N=14 o r K=21 - - - - - -  un d u la tu m .

T h is  work i n d i c a t e s  t h a t  th e s e  s p e c ie s  a r e  d e f in e d  a s  f o l l o w s : -  

A trichum  crisp u rn  ( Jam es) B u l l .

P l a n t s  0 .é~ 2 .3 cm s i n  h e ig h t .  L eaves ob long  l a n c e o l a t e ,  n o t 

u n d u la te ,  l e a f  c e l l s  2 9 -3 7 u « no s p in e s  on th e  la m in a , la m e l la e  0 -4  

weak and  i n t e r r u p t e d .  D io e c io u s , m ale p e r i c h a e t i a  form ed f r e q u e n t ly ,  

fem a le  p l a n t s  n o t found  in  B r i t a i n .  Growing on th e  b an k s o f  s h a llo w  

s tre a m s  in  exposed  p l a c e s .  N=7>

A trichum  an g u s ta tu m  (B r id )  B. and S.

P l a n t s  1 .3 -2 .3 c m s  i n  h e ig h t .  L eaves l a n c e o l a t e ,  p la n e  o r  

s l i g h t l y  u n d u la te ,  l e a f  c e l l s  1 2 -13u , 90 -160  s p in e s  fo rm ed on th e

lam in a  in  r e g u la r  ro w s, la m e lla e  4 - 8 ,  u s u a l ly  3* D io e c io u s . C a p su le s  

n o rm a lly  e r e c t ,  s le n d e r ,  u n d er c e r t a i n  c o n d i t io n s  a r c u a t e ,  b ro a d e r .  

S pore d ia m e te r  13u * Growing on a c id  c la y s  in  damp p l a c e s .  N=7.
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A trichum  te n e llu rn . (R o h l) B .an d  S.

P l a n t s  0 .6 - 2 .3  cms in  h e ig h t .  Leaves o b long  l a n c e o l a t e ,  non- 

u n d u la te ,  l e a f  c e l l s  18 -2 7u i n  d ia m e te r ,  l e s s  t han 1 7 _ sp in e s  on th e  

la m in a , la m e l la e  u s u a l ly  4* D io e c io u s  , m ale p e r i c h a e t i a  sm a ll and  

r a r e .  C ap su le  sm a ll o b o v a te , e r e c t  o r  i n c l in e d  . S nore  d ia m e te r  l8 u  

Growing on a c id  n e a ty  s o i l  in  damp p la c e s .  N=7 .

A trichum  undu latum  (Hedw. )p .B eau v .

1)# N=21. P l a n t s  1 .2 -1 0 .0 c m s  in  h e ig h t .  L eaves l a n c e o l a t e ,  

v a ry in g  from  p la n e  to  s t r o n g ly  u n d u la te ,  l e a f  ce l l s  l8 -2 2 u i n  d ia m e te r ,  

0 -1 7 0  s p in e s  on th e  la m in a  i n  r e g t i la r  row s, la m e lla e  4 ~ 7 , u s u a l ly 3 . 

M onoecious o r  r a r e l y  u n is e x u a l .  C ap su le  a r c u a te .  S nore d ia m e te r  21u . 

Growing on s o i l  i n  v/oods and  h e a th s .

2 ) . N=14 P la n t s  2 . perns i n  h e ig h t .  L eaves l a n c e o l a t e ,  # p n -u n d u la te  

l e a f  c e l l s  13- 1 8u i n  d ia m e te r ,  100-240 s p in e s  on th e  lam ina, i n  r e g u l a r  

row s, la m e l la e  3# M onoecious Capsul e s a r c u a t e . Spore d ia m e te r  

p ro b a b ly  13u. Growing on s o i l  in  a  n in e  wood, O x s h o tt,  S u r re y .

3 ) .  N -14 f P la n t s  up to  1 0 .Gems in  h e i g h t , p r o s t r a t e .  L eaves 

la n c e o la te  l a x  and  n o n -u n d u la te , l e a f  c e l l s  13 - l 8 u i n  d ia m e te r ,

0 -9  s p in e s  on th e  la m in a , la m e l la e  3* ï ïn is e x u a l ,  o n ly  m ale p l a n t s  known. 

Growing bn th e  banlcs o f  th e  R iv e r  D a r t  above Hoi ne B r id g e .

4 ) .  v a r y h a u s s k n e c h ti i  . G am etophyte s im i l a r  to  A. u n d u la tum N=21 

b u t  hav in g  te r m in a l  a n t h e r i d ia  su rro u n d e d  by a rc h e g o n ia .  M onoecious. 

C ap su le  s le n d e r  e r e c t  o r  i n c l i n e d ,o f t e n  s e v e r a l  b o rn e  i n  one
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p e r ic h a e t iu in .  Spor e  d ia m e te r  j ^ u .N o t known to  o ccu r i n  B r i ta in *
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T h is  i n v e s t i g a t i o n  h a s  b een  c a r r i e d  o u t d u r in g  th e  te n u r e ,  

f i r s t  o f  a  D. S .I .R .  m a in ten an ce  g r a n t  an d , l a t e i )  o f  a  T u to r i a l  

R e se a rc h  S tu d e n ts h ip  a t  R oyal H ollow ay C o lle g e ,  U n iv e r s i ty  o f  London.

I  w ish  to  e x p re s s  my g r a t i t u d e  to  P r o f e s s o r  J a n e ,  D .S c. f o r  

g u id a n c e  and  encouragem en t th ro u g h o u t t h i s  work and  to  Dr M .A.P.M adge 

f o r  much h e lp f u l  c r i t i c i s m .

I  am a l s o  in d e b te d  to  Dr P .R o se  f o r  e c o lo g ic a l  in fo r m a t io n  

c o n c e rn in g  c e r t a i n  s p e c ie s ,  and  to  th e  T r u s te e s  o f  th e  B r i t i s h  Museum, 

( N a tu ra l  H is to r y )  f o r  p e rm is s io n  to  u se  th e  h e rb a riu m  and  l i b r a r y .
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50 D evon
C h e sh ir e
both fo r m s  under cu lt iva tion

40

5-30

20

12001000800

P ig  1. A. c r i  spurn. V a r ia t io n  in  th e  number o f o e l l^ n m ^  in  two form s 

o f  th e  s p e c ie s  from  th e  f i e l d  and v a r i a t i o n  a f t e r  th e  

p la n t s  had been  grow ing under i d e n t i c a l  c o n d it io n s  in  

a  c o ld  fram e. 5 p o p u la t io n s  from Devon and 1 from  

C h esh ire  exam ined^( see  page 2 6 .)



male

fem ale

6 0 0 0

4 0 0 0

Q.
3

x:oco>o o

F ig  2 , A ^ar^usta tun im V a r ia t io n  in  c.ells/mm^ d u rin g  one y e a r ,  in

male and  fem ale p la n t s  in  th e  f i e ld s  1200 m easurem ents 

made on b o th  male and fem ale  p l a n t s - ( s e e  page 34<^)

—  wild
—  u nder  cu ltivation
  m ale c lone  under

c u lt iv a t io n

5 0

4 0

S 30 c
LL.
S 20
o
o

8 0 0 06 0 0 0  
2

4 0 0 0
Cells/mm

F ig  3* A .ap g u sta tu m , V a r ia t io n  in  c e l l s /  mm in  May form ed le a v e s .

1700  m easurem ents on p l a n t s  from  th e  f i e l d ,  17O 

m easurem ents on p l a n t s  under c u l t i v a t i o n  and  50 on male

c lo n e .



 collected Oct 3
................  Oct 27
  •* Nov 17

60

4>O
S ^ o -
L.L
3ÜÜo

^  2 0 -

180150120 '

4 . - A,.anp:us t atum > V a r ia t io n  in  th e  a n g le  o f  i n c l i n a t i o n  6 o f

c a p su le s  in  a s in g le  p o p u la t io n  sam pled on th re e  s u c c e s s iv e  

d a te s - 150  c a p s u le s  m easured on Oct 3 rd , 173 on O ct 27 th  

and 180  on Nov 1 7 th -( s e e  page 37»)

trea ted  for 24 h rs  
" " 4 8 h rs

" 72hrs 
" 120hrs

6 0

o
£ 4 0
L L
3Ü O

o 20

120 150 180

F ig  3 . A.a^ngustatum.V a r ia t io n  i n  0 in  c a p s u le s  o f  a  s in g le  p o p u la t io n
o a

m a in ta in e d  a t  4 -8  C f o r  v a r io u s  p e r io d s -40 c a p s u le s  m easured 

a t  each  t r e a tm e n ts ( see page 38»)
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2
P i g  6 .  A , t e n e l l u m ^  V a r i a t i o n  i n  o e l l ^ r a r a  i n  May f o r m e d  l e a v e s  o f

w i l d  p l a n t s ( l 3 9 0  m e a s u r e m e n t s ) ,  t h e  sam e a f t e r  c u l t i v a t i o n ^

i n  a c o l d  f r a m e ( 6 9 5  m e a s u r e m e n t s ) ,  and  v a r i a t i o n  i n  c e l l i ^

2
mm in  F in n is h , N=14, p la n ts ( 5 0  m easu rem en ts ,)5 0

4 0

o
c

E :3O
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20

10

0

wi Id
----------t r a n s p l a n t e d
............. cul 11 voted
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P i g  7 -,  A ,> ten e l lu r n . V a r i a t i o n  i n  c a p s u l e  l e n g t h  i n  2 4 3  w i l d ,  d 4 7

t r a n s p l a n t e d  and 7 3  c u l t i v a t e d  p l a n t s , ( s e e  p a g e  3 ^ * )
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8 . „ iA. teneTlum^ V a r ia t io n  in  sp o re  d iam eter in  117 w ilri c a p su le s

and 130  c a p s u le s  ,p;rown in  a co ld  fram e, 200 sp o re s  m easured 

from each  c a p s u le , ( s e e  pacre 5 2 .)

100
o c c u r r e n c e
m o r ta l i ty

50

10 15 20 25
Spore d iam ete r in \l

P ig  9- A .te n e llu rn . V a r ia t io n  in  sp o re  d ia m e te r  and p e rc e n ta g e  m o r ta l i ty  

o f  th e  d i f f e r e n t  s iz e d  spor^g  in  a s in g ]e  cap su le  m atured  

under d ry  c o n d i t io n s ;5 OO s p a re s  examined^ ( s e e  page 5 4 0
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F ig  10. A.undulatum. V ariation  in  cells/mra^ in  153 populations c o lle c te d  

frooi damp,shady p la c e s , in  147 populations from dry, . 

exposed p la ces  and 187 populations from w et, exposed p la c es .

(se e  page 71 . )
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Fig 11. A.undulatum. V ariation  in  nunaber o f sp ines on the lamina in  

p la n ts  c o lle c te d  from the three types of p la ces l i s t e d  

above, (see  page 71 . )
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Pig 12, A.undulatum,. V ariation  in  cells/m m ^  in  153 populations frcsn 

damp, shady i^laces, 147 from dry,exposed p laces and 187 

from w et,exposed p la ces when grown in  a co ld  fram e,(see

page 71 , )5 0 - damp shady
• dry ex p o se d
• w e t  exp osed
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P ig 13-* .A,undulatum. V ariation  in  number o f sp ines on the lamina in

the p la n ts  l i s t e d  above when grown in  a co ld  frame. ( see

page 71e )
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P ig  14* A eundulatum A V a r ia t io n  in  c a p su le  le n g th  in  3^7 p o p u la t io n s  

c o l l e c te d  from  th e  f i e l d ,  and th e  same p o p u la t io n s  

a f t e r  grow th  in  a colr\ fram e .(  see page 7 2 . )
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P ig  1 3 # A .u r^ u la tu ra .V a r ia tio n  in  c e l l s  /mm^ i n  N=21 m onoecious p la n t s  

and  N=14 m onoecious p l a n t s  grow ing n ear to  each  o th er#  

180  and 100 m easurem ents r e s p e c t iv e ly # ( see  page 77*)



3 y e a r  o l d  s p e c i m e n .

5 0 0 0

4 0 0 0
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2 y e a r  o l d  s p e c i m e n .
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1 y e a r  o l d  s p e c im e n

5 0 0 0
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li is
Fig 1 6 . A .undulatum  (N=14 m ale r a c e . )  V a r ia t io n  in  c e l l s  /mm^ in  le a v e s  

o f th re e  p l a n t s  from  th e  same p o p u la t io n  in  th e  f i e l d . 34 

le a v e s  exam ined each s e a s o n .( s e e  page 7 8 .)



191% 18

Figs17 '-19 * À . c r i  sp u rn . 17 a n d  18 , r e  s t i n g  n u c l e i .  1 9 , g a - i e t o p h y te

met a p h a s e  N ~ 7 .
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P ig s 2 0 - 2 3 . A . t e n e l l u r n .  20 , r e s t i n g  n u c l e u s . 2 1 ,g a m e to p h y te

m e ta p h a s e  N - 7 .  22 a n d  2 3 ,a n e u p lo x d  g a m e to p h y te  

m e ta p h a s e  N - 1 0 ,  N - 1 4 ,

24

P igs24-25  .

25

A .a n g p : s t a t u m . 24 , r e s t i n g  n u c l e u s  .2$ , g a m e to p h y te  

r a e ta p h a s e  N - 7 .
A l l  d r a w i n g s  X 3 2 0 0



/ i '

2(5 217
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N - 2 1 ,  N - 1 9 ,  N - 1 4 ,

A l l  d r a w i n g s  X 3 2 0 0
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P ig s5 2 -3 5  A . t e n e l l u r n , 3 2 ,m e l o t i e  m s t a p h a s e . N y 7 . 5 5 ^ a n a p h a s e

54 an d  5 5 , s p o r e  f o r m a t i o n .
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36 57 58 59,

P ig s3 é -3 9 . A . a n g u s t a t u m . 36 , m e i o t i c  m e ta p h a s e  N - 7 .  a n a p h a  s e  

38 , s p o r e  f o r m a t i o n .5 9 . ,g i a n t  s p o r e  m o th e r  c e l l .

A l l  d r a w i n g s  4  2 2 0 0
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Pigs40~43 - A , u n d u l a t u m  ,4 0   ̂g i a n t  s p o r e  m o th e r  c e l l .  41 a n d  42

m e i o t i c  m e t a p h a s e . 4 3 , a n a p h a s e .

44 45 46 4 7 .

P ig s4 4 -4 7  . A . u n a u l a t u m .44  , t e l o p h a s e  . 4 5 , m e i o t i c  t a p h a s e  N -1 9

4 6 ^ m e i o t i c  m e ta p h a s e  N - 1 4 . 4 7 , a n a p h a s e  N - 1 4 .
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.P ig48 "A .u n d u la t u m  X A . a n g u s t a t u m . m e i o t i c  me * 'a p h a se  ,

• A l l  d r a w in g s  X 220 0
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