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T h e  M aran taceae  are a conspicuous  e lement of  
the moist  to wet  lowland and lower montane  
tropical  forests .  T h o s e  species o f  the wette r  
fores ts  tend to have low popula t ion densi t ies  
and are generally widely scat tered.  It is in these 
w e t te r  areas  tha t  recent  additions to the f lora of  
P an am a  have been and cont inue to be dis
covered .  T h e  majori ty of  these  addit ions are 
undescr ibed  species rather  than  new records,  
which is most  probably a reflection o f  the 
difficulties encoun te red  in collect ing in the 
adjacent  areas  such as the Atlantic  s lope of  
C o s ta  Rica and especial ly the C h o c o  region of  
Colombia ,  ra ther  than endemism. T h e  n um be r  of  
species  o f  M aran taceae  current ly know n from 
P anam a  is 52.

In the recently accessible  cloud fores t  a rea  of  
San ta  F e  near  the Cont inen ta l  Divide in Vera-  
guas Province ,  Panam a,  a num ber  o f  new 
C ala theas  have been discovered.  O f  interest are 
the distributional  ties o f  several of  these  species 
with C o s ta  Rica. Calathea similis  K ennedy ,  C. 
leucostachys  Hook,  f., C. plicata  K ennedy  and 
C. aff. guzm an io ides  Smith & Idrobo  are all 
found in nor thern C o s ta  Rica on the Atlantic  
slope or  near  the Continen ta l  Divide  in the 
Cordil le ra  de Ti lerån (Alejuela Province).  
A no the r  Calathea  at San ta  Fe  was previously 
known only from a single collect ion in sou thern  
N icaragua  and has yet  to be descr ibed.  O f  the 
ten species o f  C alathea  so far  collected near 
San ta  Fe ,  four,  including C. similis  and  C.

leucostachys,  occur  in the wet  forests  in eas te rn  
central  Panam a.  Calathea cunea ta  K ennedy  and 
two undescribed species are known only from 
Santa  Fe  but  may be found in nor theas tern  
C os ta  Rica or  eas te rn  central  Panama.

In this paper  the term secondary  brac t  is used 
in place o f  mesophyll  in referring to tha t  s tructure 
inserted above  and opposing the bicarinate 
prophyll  in the inflorescence,  because  o f  the 
long-established use of  the te rm mesophyl l  in 
ano ther  sense (Andersson 1976 p. 41). This  
inflorescence s tructure has been refer red  to by 
various terms:  D eckbla t t  (Eichler 1875); Z w i 
schenblat t  or  mesophyll is  (Schumann 1902); 
bract-like bodies (Thom pson  1933); s imple bract  
or  mesophyll  (Holt tum 1951) and interphyll  
(Andersson 1976). Holt tum (1974), in discussing 
the terminology of  the Zingiberaceous  inflores
cence,  s tates: “ T h u s  the first short  axis of  the 
cincinnus,  with a f lower at its apex ,  is in the 
axil o f  a primary bract ;  later ones are all in 
the axils o f  secondary  b ra c t s . ”  T h e  same basic 
relationship perta ins to the M aran taceae ,  the 
first floral shoo t  (axis o f  the cincinnus)  is in 
the axil o f  the b rac t  and the subsequen t  ones 
in the axils o f  the “ mesophyl ls” . T h e  M a r a n 
taceae  differ in that these floral shoots  usually 
terminate  in a pair of  f lowers and  a prophyll is 
p roduced  first on the axis and then,  when 
present ,  the oppos ing “ mesophy l l”  (for a 
detailed account  see A nders son  1976). Since the
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“ mesophyl ls”  have the same functional  posit ion 
as the Zing iberaceous  secondary  bracts ,  the 
te rm secondary brac t  is preferred.

Calathea caesariata K ennedy  sp. nov.  -  Fig. 1

Planta caulescens; folia 9-13; laminae undique 
villosae, venae longitudinales 14-20(-21) intra cm 
tria; petioli, vaginae et caules villosi. Bracteae 
distichae, 9-21, utrinque villosae, virides ad flavo- 
virentes dem um  flavae; prophylla bicarinata margini- 
bus villosis; sepala glabra albida apice tincto viridi; 
corollae flavae, lobi p rae te r  caespitem pilorum ad 
apicem glabri, tubo crem eo; staminodium exterius 
flavidum tinctum violaceum, callosum bilobatum 
prope basin cremeum ad apicem tinctum violaceum.

Rhizomatous  cauline herb  88-165 cm high, 
bearing 8-12 dist ichous leaves at the base.  T h e  
final, uppermost  leaf  subtending the inflores
cence  borne above an elongated  internode 13- 
58 cm long. R h izo m e  tough,  somew hat  woody  in 
texture.  Cataphylls  na rrowly  ovate ,  inner ones  
acute,  mucronulate at apex ,  grass-green,  villous, 
innermost  to 30 cm high, usually not  pers istent  
in mature,  f lowering individuals.  L e a f  blade  
semi-char taceous,  elliptic, apex acuminate,  base 
obtuse to subround,  subtending leaf  24—66 cm 
long and 7.6-12.5 cm wide,  second  to fifth 
from above  34-66 cm  long and 7-13.6 cm wide.  
Lea f  blade villous throughout ,  hairs pale tan,  
2^1 mm long, upper  surface glittering, grass-  
green,  midrib yel low-green; leaf surface below 
light grey-green,  midrib yel low-green. Pulvinus  
subround  in cross section,  yel low-green to olive- 
green,  villous, occasionally subglabrous with 
row of  hairs along upper  and lower  sides,  
confluent  with pet iole,  (0.6—) 1—3(—3.5) cm long 
in subtending leaf, others  (1-) 1.7-5.5 cm long. 
Petiole  deep green,  villous, 0-13 cm long in 
subtending leaf, second to fifth leaves 11-56 cm 
long, very  rarely absent .  L e a f  sheath  no t  
auriculate,  deep green,  villous, 11—26(—32) cm 
long in subtending leaf, others 28-56 cm long. 
S tem  green,  villous.

In florescences  (1—)2—3 per shoot ,  depending  
on age, the first one terminal ,  the others arising 
in the axil o f  the subtending leaf, laterally 
f lat tened,  rectangular ,  8-15.5 cm high and 5-7 
cm wide,  the second and third inflorescences 
smaller than the first. Peduncle  green,  villous, 
(8—) 14—46(—55) cm long, longest  in first inflores
cence.  Bracts  (9-) 14—21 in number,  dist ichous,  
slightly leathery,  pliable, broadly ovate to

tr ansverse  broadly  ovate ,  apex retuse,  (3.0—)3 .1—
3.5 cm long and  (3.1 —)3.3—3.8 cm wide,  each 
subtending up to  6 f lower  pairs. Adaxial surface 
of  b rac t  green  in young inflorescences becoming 
yellow-green and  finally yel low in old inflores
cences ,  villous; abaxial  surface villous in upper  
half, glabrous  basal ly.  Bicarinate prophyll  m e m 
branaceous ,  t r iangular -ovate,  apex  acute,  t r an s 
lucent  yel low-green,  darkes t  at apex ,  margins 
and lateral surface o f  carina villous, glabrous 
be tween  carina,  (2.6—)2.8—3 cm high and 1-1.3 
cm wide.  S eco n d a ry  bracts  m em branaceous  
along the margins,  the central  por t ion th ickened,  
ovate-ell iptic to t r iangular-ovate ,  apex  obtuse,  
t rans lucent  yel low-green,  darker  central ly, 
appressed  villous,  (2.3—)2.5—2.9 cm high and 
(0.7—)0.9— 1.2(— 1.3) cm  wide. Bracteoles  sub 
tending individual  f lowers 1 per  f lower pair,  
(1—)1.2—1.8 cm  high and 1-2.5 mm  wide.

Sepa ls  narrowly  ovate-tr iangular ,  apex  acute,  
t r ans lucent  white below,  apex  tinged green,  
glabrous ,  1.2-1.45 cm high and 2-3.5  m m  wide.  
Corolla tube  c ream ,  2-2.3  cm long; corolla  lobes 
subequal ,  nar rowly  oblong-obovate,  apex acute 
to 90°, yel low, 0.8-1 cm ’ong and 3-4 mm wide.  
O uter s tam inode  d ished,  elliptic, apex ernargi- 
nate to rounded ,  pale yel low tinged with pink- 
purple,  7 -9  m m  long and  5-7 mm wide. Callose  
s ta m in o d e  rec tangular ,  apex cleft into two n a r 
row lobes,  basal  and  central  cal lose port ion 
semi- trans lucent  c ream,  apex  tinged pink- 
purple,  0.95-1.1 cm long and ca  4 mm wide.  
Cuculla te s ta m in o d e  pink-purple,  4.5-5 mm 
long and ca  3 mm  wide,  provided with a 
subterminal  filiform appendage.  F ilam ent  pink 
with lateral petaloid appendage  to 1.5 mm wide,  
adna te to lower 1/3 o f  anther ;  an ther  2.5 mm 
long. Style and st igma pink. Ovary  c ream, 
glabrous,  2.5-3 mm high and  1.5-2 mm in 
d iameter .  C apsule  smooth ,  thin,  obovoid ,  pale 
yel low, 1.2-1.5 cm high and 7-9.5 mm wide; 
c row ned  by a pers is tent ,  live, light green  calyx.  
S eed s  usually 3 per  capsu le ,  obovoid ,  dark 
blue, 8.5-9.5 mm high and 4—5 mm wide,  
bearing a basal  white aril 3.5-4.5 mm high.

Type: Panam a. Prov. Panama: km 19 on the El 
L lano-Carti  road, evergreen wet forest, ca 400 m. 
26.3. 1975, H. K ennedy  & R. L. D ress ie r  3500 
(holotype F  1752000; isotypes D U K E ,  K, M O, PMA, 
U ,U S ) .

Other collections  (all from  the type locality o r  its 
surroundings): D ress ie r  4299 (COL); K ennedy &



BOT. N O T IS E R  129 (1976) N e w  Calatheas  351

Fig. 1. Calathea caesariata.  A: Habit.  -  B: Inflorescence. -  C: Flow ers on upper surface o f  leaf; upper one 
tripped, lower one untripped. -  D: Capsule  with persistent calyx and arillate seeds on lower leaf surface.
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D ressier  2424 (BM, C R, PM A, S), 2583 (US), 2715 
(U), 3352 (GH); K ennedy, D ressier & C orrea  2496 
(B, M O , N Y ), M ori, Kallunki & G en try  4579 (MO).

Flower ing from Feb ruary  through Sep tember ,  
mid dry season  to mid or  late rainy season.  
T h e  start o f  f lowering is variable; in 1976 it was 
delayed,  the plants having jus t  begun f lowering 
in April.

This  species occurs  in evergreen  wet forests  
most  com monly  at the forest  edge or  roadsides 
in recently dis turbed areas.  Like Calathea s im i
lis it is usually found in more  or  less open 
areas associated with second growth species and 
might be expec ted  in natural ly disturbed areas 
such as tree falls. D ur ing  the past two years 
this species has becom e noticeably less p reva
lent in the a rea  (along Cart i  road) which may be 
a result of  its being shaded out.

This  species is dist inguished from other  
dist ichously-bracted species, Calathea  subgenus  
Calathea,  by its densely  villous brac ts ,  leaves 
(blade, pet iole and sheath)  and stems.  It is most  
closely related to C. lasiostachya  Donnell  Smith 
differing from that  species in (a) the wider  
lateral vein spacing of  the leaf, 14-20(-21) 
(average 17), com pared  with 20-24 per 3 cm; 
(b) the entirely villous ra ther  than glabrous or  
subglabrous (bearing short  hairs near  the base 
and apex) upper  leaf  surface;  (c) the villous 
rather  than glabrous  or  occasionally subglabrous 
adaxial bract surface and (d) the petals which 
are glabrous (except  for a small tuft o f  hairs 
at the apex) ra ther  than pubescent  throughout .  
In both C. las iostachya  and C. caesariata  the 
hairs are elevated on a base;  in C. lasiostachya  
this base  consis ts  o f  a single ring of  cells, 
whereas  it is larger and more  raised in C. 
caesariata,  consist ing of  3^4 rows o f  cells. T h e  
leading edge o f  the leaf and the subtending leaf  
sheath are usually tinged purple in C. lasio
stachya  whereas  both are uniformly green in 
C. caesariata. T h e  texture and  color  of  the leaf  
blade,  especial ly that o f  the lower surface,  is 
like that of  C. similis  ra ther  than C. lasiostachya.  
In C. las iostachya  the lower surface is smoother ,  
da rker  in co lor  and has a slight luster,  whereas  
it is minutely irregular , opaque  and semi- 
glaucous in C. caesariata.  T h e  measurem en t  
o f  the num ber  o f  veins was  taken from the 
middle of  the leaf, midway be tween  the midrib 
and the leaf margin.

T he  specific epithet  is taken  from the Latin 
caesaria tus  meaning covered with hairs, refer 
ring to the totally villous na ture  of  the plant.

Calathea cuneata K ennedy  sp. nov.  -  Fig. 2

Planta acaulescens; folia 2-3, lamina anguste elliptica 
apice acum inato , base anguste cuneata,  glabra praeter 
ad m edianum  tom entosa . Spica una obovoidea 7-10 
cm longa; b rac teae  spiraliter dispositae atropurpureae, 
adpresse tom entosae ,  b rac teae  superiores obtrullatae 
vel obovatae ; prophyllum bicarinatum ad apicem 
tom entosum , apice acuto , omne par florum bracteolis 
duabus com itatum . T ubus  corollae 4.6-5 cm longus 
rima ad 2.3 cm longa; s taminodium exterius obovatum  
retusum  luteum; staminodium callosum petaloideum, 
ceterum  simile staminodio exteriori.

Rhizomatous  acaulescent  herb,  1.2-1.7 m high, 
shoot  bearing 2-3 leaves basal ly,  the inflores
cence  terminal ,  borne  well below the leaf blades.  
Occasiona lly  a bladeless sheath may be found in 
place o f  the third leaf. C ataphylls  narrowly 
ovate,  som ew ha t  papyraceous ,  apex  of  inner 
ones  acute,  mucronu la te ,  ob tuse in lower ones,  
purple,  tow ards  base and w here  covered by 
ano ther  cataphyll  green to whitish,  appressed  
tom en tose  (hairs 0.3 mm  or less) above ,  subgla
brous  at  base ,  innermost  cataphyll  35-56 cm 
long. L e a f  b lade  f irm, slightly leathery ,  narrowly 
elliptic, apex  acuminate  to abruptly acuminate ,  
base nar rowly cunea te ,  (58-)65-89 cm long and 
14-20 cm  wide.  Lea f  blade above sparkling 
deep green,  glabrous  except  for tomentose  
midrib, midrib dark olive-green nearly con- 
co lorous ,  leaf  surface below opaque ,  light grey- 
green with yel low-green midrib,  glabrous except  
appressed  tom en tose  along midrib.  Pulvinus  
yel low-green,  glabrous except  for row of  hairs  
above ,  4-7(-10) cm long, ar t iculate with petiole,  
acuminately  ex tended  along the upper  side of  
the petiole for  1.5-5 cm. Petiole  green to olive- 
green,  minutely puberu len t  (hairs less than 0.3 
mm), 0-24.5 cm long, often absen t  in the inner
most  leaf. L e a f  sheath  not aur iculate,  margins 
papery,  apex green o r  green tinged with reddish 
brown, pale greenish below to greenish white 
near  base,  appressed  pubescen t  (hairs ca 1 mm 
or more) above ,  p u bescence  mainly on the 
margins be low,  if three leaves are presen t  then 
the sheath o f  the innermost  one is shorter ,  
25-30 cm long.

In florescence  1 per  shoo t ,  te rminal ,  obconical  
to obovoid ,  7 - 1 0 .5 ( - l l )  cm high and 4.5-5 cm
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Fig. 2. Calathea cuneata.  A: H abit.  -  B: Inflorescence with tripped flowers. - C :  Tripped  flower. N o te  slit in 
upper 2 cm  of the corolla tube.
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in diameter .  Peduncle  pale green to whitish, 
occasionally tinged purple,  appressed  pubescent  
(hairs 1 mm o r  slightly longer) , 15-27 cm long. 
Bracts  12-17 in number,  spirally arranged,  semi- 
cor iaceous ,  the lowest bract  frequently ovate,  
upper  ones obtrul late to obova te ,  apex acute,  
5.3—7.7(—8) cm  high and 2.2-3.2  cm wide,  each 
subtending 3 or  more f lower pairs. Adaxial 
surface of  b rac t  dark purple,  appressed  tom en
tose,  basal 1/5 subglabrous;  abaxial surface 
pale green,  apical 1/4 appressed  tomentose .  
Bicarinate prophyll  m em branaceous ,  narrowly 
ovate,  apex acute,  t rans lucent  white basally,  
pale green above ,  tinged purple apically,  upper 
2/3 appressed  tomentose ,  4-4 .6(-5)  cm high,
0.96-1.25 cm wide carina to carina and 1.4-  
1.8 cm total width. Secondary  bract m e m brana 
ceous,  t riangular-ovate,  apex acute,  t rans lucent  
white basal ly,  pale greenish above ,  apically 
tinged purple,  upper  2/3 appressed  tomentose ,  
(4.1—)4.5—5.3 cm high and 1.4-1.6 cm wide. 
Bracteoles  subtending individual f lowers,  2, 
occasionally one per  f lower pair, m e m b ra 
naceous,  one carinate the o ther  channeled,  
narrowly triangular,  t ransparent  to t rans lucent  
faint tannish ,  apically tinged purple,  apex 
minutely puberulent ,  carinate one 2.8-3.4  cm 
long, o ther  1.2-2.5 cm long.

Sepals  mem branaceous  above,  herbaceous  
toward base,  narrowly ovate  to sublinear ,  apex 
acute,  base  white,  t inged purple above,  upper 
1/3 trans lucent  pale tan to tr ansparen t ,  glabrous,  
3.2-3.7 cm long and 0.45-0.5 cm  wide. Corolla  
tube  white at base,  c ream to pale yel low above,  
4.6-5 cm long, upper port ion of corolla tube 
bearing a slit, base of  corolla tube to slit 2 .2 -  
2.7 cm; corolla  lobes subequal ,  narrowly ovate-  
tr iangular ,  apex  twisted,  acute,  light yel low, 
glabrous,  2.7-3.1 cm long and 0.7-0.95 cm wide. 
Outer s tam inode  obovate ,  apex retuse,  basal 
2/5 white,  upper  port ion bright yel low, apical 
1/5 light cream-yellow,  2.4-3 cm long and 
1.1-1.6 cm wide.  Callose s tam inode  obovate,  
apex petaloid,  rounded to retuse,  cal lose portion 
white,  petaloid portion yel low, (2.5—)3.3—3.6 cm

long and 1.7-1.8 cm wide.  CucuUate s tam inode  
bright orange,  0.7-0.9 cm long and ca  0.5 cm 
wide provided with a subterminal  filiform 
appendage  2.5 mm long. A n th er  yel low ca  3 mm 
long, f ilament yel low with nar row petaloid 
appendage,  upper  2/3 o f  an ther  free.  Style and 
st igma golden.  Ovary  smooth ,  white,  glabrous,  
3.5-4.5 mm high and 2-2.5 mm wide.  Capsule  
smooth ,  ovoid,  apex sub truncate  with pers isten t  
calyx.

Type: Panam a. Prov. Veraguas: about 20 km N W  
o f  Santa F e ,  near Continenta l Divide, 29.3. 1975,
H . Kennedy & R. L. D ressie r  3414 (holotype F on 
two sheets , 1759017, 1759018; isotypes G H ,  K, M O, 
PM A, US).

Flower ing during the rainy season,  beginning in 
late M arch  to  April;  the te rminat ion o f  the 
f lowering period unknown.  This species occurs  
in a montane  wet to cloud forest  habitat in 
modera te  shade within the forest.

Th is  species is easily dist inguished from other  
Centra]  American  Cala theas  by its cunea te  
(a 25-35 degree angle) leaf  base,  the 2-3 leaves 
per  shoot ,  the relatively long (4—10 cm) glabrous 
pulvinus,  the spirally ar ranged dark  purple 
bract s ,  the long-tubed (4.6-5 cm) open  yellow 
flower in which the cal lose and ou te r  s taminodes  
are similar in shape and coloring,  and which 
bears a natural  slit in the upper  port ion of  the 
corolla  tube.

T h e  specific epithet  is derived  from cuneatus,  
meaning wedge-shaped ,  denot ing  the dist inct ive 
cunea te  leaf  base in this species.

Calathea plicata K ennedy sp. nov.  -  Fig. 3

Planta ad 1.3 m alta. Folia  elliptica valde plicata apice 
ro tundato  acum inato , folia caulina basi ro tundata , folia 
basalia basi cuneata, supra  viridia glabra infra pallide 
viridia puberula, petioli foliorum sum m orum  duorum 
desunt,  alii ad 40 cm longi, pars superior glabra 
vel subglabra ad 4 cm longa. Spica ellipsoidea vel 
obovoidea pedunculo tom entoso , b racteae 7-9 , spirali- 
ter  dispositae extus minutissime puberulae apice 
ro tundato  recurvato  prope basin stram ineae apicem 
versus pallide virides dem um  purpureae. Corollae 
tubo crem eo 3.3-3.5 cm longo, lobis pallide flavidis, 
staminodium exterius a lbum  obtriangulare bidentatum.

Fig. 3. Calathea plicata. A:  Habit. N o te  the elongated stem internode separating the inflorescence and two 
subtending leaves from the basal leaves and the dark purple, old inflorescence. -  B: Inflorescence. N o te  light 
color (yellow) o f  young inflorescence and the persistent calyces of developing capsules. - C :  F low ers on upper 
leaf surface; left untripped, right tripped. -  D: Capsule, nearly m ature, with persisten t,  purple calyx at left; 
arillate seeds and capsule with calyx removed at right.
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Caulescent  herb  0.9-1.3 m high; 3-7 leaves per 
shoot,  (1—)2—5 leaves borne basal ly,  the 
inflorescence subtended by 2, rarely 1 or  3, 
leaves borne  atop an elongated stem internode 
66-90 cm in height. Cataphylls  thin, herbaceous,  
narrowly ova te ,  apex acute,  mucronulate ,  green,  
minutely tom entose ,  innermost  23-52 cm long. 
L e a f  b lade  strongly ridged,  elliptic, apex 
rounded with an abruptly acuminate point,  
base obtuse to rounded in cauline leaves, 
cunea te  in basal leaves,  upperm os t  subtending 
leaf  13.5—22(—32) cm long and 6-18 cm wide,  
basal leaves 33^17 cm long and 12.8-21 cm 
wide.  L ea f  blade above  opaque,  grass-green,  
glabrous,  midrib yel low-green,  puberulent ,  
especially toward  apex; leaf surface below dull 
grey-green,  densely minute appressed  tom entose  
th roughout or  hairs restricted to the lateral veins,  
hairs less than 0.3 mm long. Pulvinus  broadly 
elliptic to round in cross sect ion,  yel low-green,  
glabrous to subglabrous (25 x )  with a row of 
minute hairs  along the upper  side,  confluent  with 
pet iole,  (0.6—)0.8—1.3 cm long in uppermost  
subtending leaf; other  leaves 1.2-4 cm long. 
Petiole  grass-green to light green,  glabrous to 
subglabrous ,  absent  in upper  two subtending 
leaves (if present ,  the third may have a short  
petiole), basal leaves 12-29 cm long. L e a f  
sheath  not  auriculate,  margins thin papery ,  
light green,  glabrous to subglabrous ,  minutely 
tom entose  along margins,  sheath o f  subtending 
leaves 7-17 cm long, basal leaves 29-45 cm long. 
S tem  green to light olive-green with scat tered 
minute hairs 0.3 mm or  less, not visible to the 
naked eye.

In florescence  terminal ,  obovoid to ellipsoid, 
imbricate, 5-6.5 cm high and 3-3.6 cm in 
diameter .  Peduncle  green to yel low-green,  
minutely appressed  tomentose ,  felt rather  than 
seen, 6-17 cm long. Bracts  6-9,  spirally a r 
ranged,  coriaceous,  depressed  ovate,  apex 
obtuse to rounded,  the apical margin recurved ,  
lower brac ts  shallowly retuse,  2.3-3 cm high 
and 3-4.2 cm wide,  the lower bracts  wider and 
shor te r  than  upper ones,  each subtending up to 6 
f lower pairs.  Adaxial  surface o f  the brac t  yel low 
basally,  the upper  1/3-1/2 light green,  in age 
turning dark  purple,  puberulent;  abaxial surface 
cream-yel low below, glabrous,  recurved  margin 
yel low-green,  puberulent .  Bicarinate prophyll  
m em branaceous ,  broadly elliptical, apex obtuse ,  
t rans lucent  pale yel low, in age turning purple,
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glabrous ,  2-2 .2 cm high and 1.4-1.8 cm wide 
total width,  0 .8 -0 .9  cm wide carina to carina.  
Secondary  bracts  m em branaceous ,  broadly 
elliptic to suboblong ,  obtuse ,  t ranslucen t  pale 
yel low, glabrous,  1.9-2.1 cm high and 1.6-1.8 cm 
wide.  B racteo les  subtending individual f lowers 
2 per  f lower pair,  channe led ,  linear, acute,  
glabrous,  2 -2 .4  cm high and ca  0.3 cm wide.

F lo w er  n e v e r  opens  spontaneously .  Sepals  
thin,  semi-spongy at base and central ly,  c h a n 
neled, nar rowly  obovate ,  ob tuse ,  white at base,  
pale yel low above ,  apical 1/3 tinged greenish,  
glabrous,  2 .8-3 .2  cm  long and  ca  0.65 cm wide.  
Corolla tube  c ream,  glabrous,  3.3-3.5 cm long; 
corolla  lobes unequa l ,  elliptic to ovate-ell iptic,  
ob tuse ,  pale yel lowish,  1.7-1.8 cm long and 
0.7-0.8  cm  wide.  O uter s tam inode  obtr iangular ,  
bidenta te ,  white ,  ca 1.2 cm long and ca  0.7 cm 
wide.  Callose s ta m in o d e  wholly cal lose,  rec 
tangular ,  golden-orange,  ca 1.3 cm long. Cucul-  
late s ta m in o d e , ca 1.1 cm long and ca 0.45 cm 
wide,  prov ided  with a subterminal  filiform, 
channe led  appendage  1.5 mm long. St igma and 
style golden.  Ovary  white, glabrous,  ca 2 mm 
long. C apsule  obovoid ,  smooth ,  thin, rounded  at 
the apex ,  1.3-1.4 cm high and 0.9-1.05 cm wide,  
c row ned  by a purple expanded ,  live calyx.  
Seeds  usually 3 per  capsule ,  t rigonous,  rugose 
on ou te r  surface,  s late-grey, 8-9  mm high and
5-6 mm wide,  bear ing a basal white aril 3-4 mm 
high.

Type: Panam a. Prov. Veraguas: abou t 20 km N W  
of Santa Fe , n ea r  Continental Divide, 650-800 m, 
8.9, 1974, R. L. D ress ie r  4738 (holotype US).

Other collections:  Panama. Prov. Veraguas: about 20 
km N W  o f Santa Fe, near Continental Divide, 29.3. 
1975, H. Kennedy & R. L. Dressier  3425 (F). -  C osta  
Rica. Prov. Alajuela: 10 km N of Rio N aran jo  on the 
Caribbean  slope, 450 m, 10° 45' N ,  85° 03' W , 7.11. 
1975, W. C. Burger & R. Baker 9801 (F); tall wet 
forest E  of Rio San Rafael and S of the hotsprings, 
W of La M arina, 500 m, 10° 23' N ,  84° 23' W , 19.5. 
1968, W. C. Burger & R. G . Stolze 5035 (F); m ontane 
wet forest 15-20 km N N W  of San Ram on, along Calle 
Los Angeles beyond La Balsa, ca 1000 m, 19.9. 1972,
H. K ennedy  1660A (MO, sterile).

Flower ing  during the rainy season,  M arch  to 
O ctober .

This  species occurs  in the montane  wet  to 
cloud forest  habitats  in mode ra te  shade within 
the forest .

This  species is readily dist inguished from 
o the r  C o s ta  Rican and  Panam anian  species of
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C ala thea  by the st rongly ridged, elliptical leaves 
and the closed f lowers  which extend well beyond 
the bracts  at anthesis .  C alathea allenii W oodson ,  
which  also has a pl icate leaf, is easily distin
guished from C. p lica ta  because  o f  the fo rm er ’s 
n um e rous  bracts  which are cleft at the apex 
with the two lobes overlapping,  ra ther  than 
ent ire at  the apex .  C alathea plica ta  is closely 
rela ted  to an undescr ibed  species from the O s a  
Peninsula ,  C o s ta  Rica (K ennedy  1601, US),  
which  also has a c losed f lower and a (less 
s trongly) plicate leaf, but  differs from the latter 
in having pubescen t ,  rounded  or  broadly  obtuse 
bract  margins.  T h e  undescr ibed  species,  on the 
o the r  hand,  has glabrous brac t  margins which 
are acuminate  central ly,  and basal  leaves single 
or  lacking.

T h e  specific ep i thet  is taken from the Latin 
p lica tus  meaning folded into pleats or  furrows 
and referr ing to the strongly ridged na ture of the 
leaf.

A cknow ledgem ents .  I would like to thank D r Robert 
D ress ie r  for making possible the collection of these 
species in the field and D r  William Burger and D r  
Jo h n  Engel for reading the manuscript. M r Steve 
A nton ium  read the Latin descriptions.
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T he  circumscription of A. sparrowii (known previously only from a single collection) 
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branch origin types. Brief descriptive notes are given for the o ther species.
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S c o t t ’s (1961) author i tat ive  t rea tm en t  of  the 
genus A p h a n o m y c e s  did much to lift obscurity 
from the concep ts  o f  certain of  its t roublesome 
species.  H e  could not,  o f  course ,  foresee all 
future  problems in species del imitat ion,  and as a 
result some taxa  remain puzzling enti ties . M o r e 
over ,  as more  and more  rep resen tat ives  of  the 
genus  are recovered  and exam ined ,  obvious 
discrepancies  appea r  in descript ive characters  
(or in their interpretat ion),  and make species 
identification uncertain.  J o h n s o n ’s (1974) a c 
count  of  unnam ed rep resen tat ives  in the A.  
sca b er -A .  s te lla tus  complex il lustrates ad e 
quately the ex istence  o f  intermediate  forms that 
at the time defied conf ident  identif icat ion.

T h e  soils and w a te r s  of  the southern  Scandi
navian Peninsula,  like those of  Iceland (Johnson 
1974), are abundan t  in rep resen tat ives  of  

A p h a n o m y c e s . T h e  character is t ics  o f  numerous  
specimens  from this portion o f  Scandinavia,  
toge ther  with the forms in the Icelandic flora, 
now make it possible to be more  precise in the 
identification of  certain  taxa.  T h i s  paper  t reats  
six species of  A p h a n o m yce s ,  with  part icular 
emphasis  on morphological  variat ion.  Insofar  as 
available records  indicate,  none  o f  these  taxa  
has been previously reported from Sweden  or 
N orw ay .  O ne  species,  A. astaci  Schikora ,  is of  
course already well known in Sw eden ,  part icu

larly through the scholarly invest igat ions by 
Unes tam.  His 1973 paper  should be consulted  
for the bibl iography covering the various aspects  
of  this organism in deplet ion of  crayfish in 
Swedish waters.

Methods

Techniques for the collection and culture o f  species 
o f  A phanom yces  are trea ted  by Scott (1961). Although 
several sources of organic m atter  (and naturally 
occurring organic debris) have been used as bait in 
gross cultures (Scott 1961), hempseed halves, or
5-6 m m 2 pieces of roach wing or boiled snake skin 
(Johnson 1974) have proven most generally useful in 
collecting and propagating representatives of the 
genus. Blonde infant hair (Sparrow 1960) is essential 
for the recovery of keratinophilic forms. In Sweden 
and N orw ay , specimens are found frequently (by 
proper gross culture methods) in pasture o r  farmed 
soils, in that from roadside ditches and hardwood 
forests, and in w ater and organic debris from lakes, 
streams, and intermittently wetted depressions. 
Representatives are much less common in acid bogs, 
and are seldom recovered from forest soils below 
the litter o f  conifers.

Most of  the taxa in A phanom yces  have not been 
propagated in pure culture, although techniques are 
ex tant (Scott 1961, Seym our & Johnson  1973). 
Unifungal cultures are  relatively easy  to obtain, and 
indeed the fungi grown therein may be more accurately  
expressive of the characteristics o f  species than 
those specimens propagated in pure, single-spore 
cultures. A small portion of infested bait bearing
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sporulating hyphae of thalli from a gross culture are 
p laced in a few drops o f  filtered, autoclaved (121°C, 
15 min.) lake or pond w ate r  in the bottom of a 
sterile, plastic Petri dish. T o  this culture are added 
one o r  two small pieces of  pre treated  bait (such as 
roach wing or snakeskin). T he  dishes are incubated at 
room  tem perature for 2-3 days, then half-filled with 
sterilized lake or pond water. T he  fungi usually 
transfer  readily to the additional bait by this technique. 
Pretreated  bait is prepared by floating bits o f  the 
substra tum  in Petri plates on unfiltered, unsterilized 
lake o r  pond w ater for 2 days. T he  bait is then 
rem oved, washed in distilled w ater, and then boiled 
for 3-5 minutes. These bits of  bait -  presumably 
partially decomposed by bacterial action -  may then be 
used directly in gross cultures or unifungal cultures.

Save for the keratinophilic species (which was not 
isolated), specimens grown in unifungal cultures in 
40 ml of a sterile 1:1 mix of distilled and filtered 
lake w ate r  were used for identification and char
acterization. Cultures were incubated at 23-25°C. All 
m easurem ents  and observations were based on a mini
m um  o f  50 determinations in each o f  two wet-mount 
slide preparations of the species. W here applicable, 
the 70 %  median and ranges in quantitative data were 
recorded  in compiling descriptive notes on the 
representa tives recovered from the samples. Sco tt’s 
(1961) general trea tm ent of the developm ent of vegeta
tive and reproductive structures in Aphanom yces ,  
and particularly his revealing notes on abnormalities 
to be expected , provide essential background for an 
understanding of the group.

V o u ch er  specimens of the fungi from Sweden are 
deposited  in the collections o f  the Institute for 
System atic Botany, University of U ppsala. T he N o r 
wegian vouchers are in the Institute for M arine 
Biology and Limnology, University of  Oslo. In the 
accoun t  to follow, detailed collection data  are given 
for two species only. T he remaining taxa are wide
spread  throughout the southern  Scandinavian 
peninsula. T he herbarium num bers cited are those 
from  my serially num bered personal collections.

Aphanomyces laevis deBary

This  is the most  common species (deBary  1860) 
in the genus,  a fact reflected in the Scandi
navian collect ions as well: 103 known sites. 
T h e  species has been described and illustrated

fully by Scott  (1961) and o thers  (Johnson 1974). 
On all the usual subst ra tes ,  the oögonia (18- 
31 p.m in d iameter)  are smooth .  Occas ionally ,  
as the predominan tly  diclinous antheridial 
branches  disintegrate,  some oögonia seem to be 
roughened .  Th i s  appea rance  results from a d h e r 
ence to the oogonium wall of  the persisting 
antheridial cells.

As  had been noted in som e of  the spec imens 
from Iceland (H ow ard  et al. 1970, Johnson  
1974), a few plants  from Sweden  and N o r w a y  
were provided  very sparsely with coiling 
antheridial b ranches.  This  is fundamental ly  a 
charac te r  of  recognit ion for  the next  species.

Aphanomyces helicoides von Minden

A combination  o f  two principal s tructural  
fea tures  mark  the typical express ion of^ von 
M in d e n ’s (1915) species. T h e  antheridial  b r a n c h 
es are ex tens ively  developed ,  and coil ( som e
t imes very  profusely and densely)  about  the 
hyphae ,  oögonial  stalks,  and  oögonia.  C lus te rs  
o f  som ew ha t  gnarled,  twisted ,  simple or 
sparingly b ranched ,  short,  lateral ex tensions  
from vegetat ive hyphae  const i tute the second  
distinguishing feature,  the hyphal knots  (Cut ter  
1941).

W h e th e r  A p h a n o m y c e s  laevis  and A . heli
coides  are indeed separa te  species remains 
unresolved ,  al though Scott  (1961) maintained 
both were  well-defined,  valid taxa.  C u t t e r  (1941), 
Scott  (1961), and  Jo h n so n  (1974) should be 
consulted  for i l lustrat ions o f  A. helicoides.

Col lected  (on hem pseed)  in but one locality 
in samples of  w a te r  and  organic debris  expressed  
from mats  of  S p h a g n u m  spp.:  bog at V ad b ack a  
(59° 50' 10 " N ,  17° 3 1 '0 5  " E),  west  o f  U ppsa la ,  
Sweden ,  3-V1II-76 (Herb.  N o .  13455, 13461, 
13464, 13467).

Fig. 1. A -K :  A phanom yces  scaber. -  A-E: Oögonia showing variations in shape and density  o f  o rn am en ta 
tions. - F :  Surface view o f  densely papillate oogonium. - G :  Papillate oogonium in optical section. -  H: Irregular 
and papillulate oogonium in optical section. -  I: Optical section of oogonium with irregular (crenate) wall. -  
J ,  K: Sparsely ornam ented  oögonia in optical section. -  L-X: A p h a n o m yces  stellatus.  -  L: Discharged 
sporangium ; spore cysts are poroid. -  M, N: Optical sections through oögonia; m ature oospores  each 
contain ing a single, small, refractive globule. -  O: Optical section through a m ature oogonium  with truncate  
and rounded tubercles, and papillae. -  P: Optical section of an oogonium with broad papillae, and furcate 
tubercles; oospore is immature. -  Q: Broadly papillate and broadly tuberculate  oogonium ; one ornam entation  
furcate .  -  R: Broadly papillate oögonium. -  S: Papillate and cy lindro-tuberculate  oögonium. -  T-X: O ögonia 
showing common variations in shape and density  of ornam entations. -  Figs. G - K ,  M -P ,  scale 2; others,  scale 1.
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Aphanomyces keratinophilus (Ookubo  & 
Kobayas i)  S ey m o u r  & Johnson  -  Fig. 2 A - F

Exist ing  collect ion records  (Seymour & Johnson  
1973) show this to be a widely distr ibuted 
species,  and in the southern  Scandinavian 
peninsula  it is particularly com mon in agricul
tural soils (59 collect ions).  Original ly cons idered 
to  be a form o f  A p h a n o m y c e s  laevis, the taxon 
was  raised to specific rank  (Seymour  & Johnson  
1973) on the basis  o f  its pronounced  antheridial 
branches  and its kerat inophil ic  habit.  A p h a n o 
m yces  keratinophilus  is mos t  often col lected in 
Sweden and N o r w a y  on infant hair used as bait,  
bu t  it occasionally appears  on snakeskin bai t as 
well.

Little can be  added  to the descript ion of  
A p h a n o m y c e s  keratinophilus  f rom c h a ra c 
terizat ion of  the Scandinavian  plants.  M ost  of  
the spec imens  had diclinous (Fig. 2 C), mono- 
cl inous (Fig. 2 E),  and androgynous  (Fig. 2 D) 
antheridial b ranches  in about  equal  proport ions.  
M onoclinous  and androgynous  branches  p re 
dominate  accord ing  to Seym our  and Johnson.  
A s  is characteri s t ic  of  this species, some oögonia 
were  irregular  (Fig. 2 C) or  papillate (Fig. 
2 D ,  in part); a few proliferated (Fig. 2 C).

In general,  the  Scandinav ian plants had som e
w h a t  longer oögonial s talks than  is com m on  for 
the species.  N o n e  of  the oögonia,  however ,  
w as  sessile as Johnson  (1974) descr ibed  for a 
variant  of  A p h a n o m y c e s  keratinophilus  f rom 
Iceland.  O ögonium and  oospore  sizes in the 
Scandinav ian represen ta t ives  were well within 
the ranges previous ly  recorded  (Seymour  & 
J ohnson  1973). N o  plants  with oospores  in the 
size range of  th ose  described by Johnson  (1974) 
for  a second Icelandic variant  of  A . kera tino
ph ilus  appeared  am ong  any of  the specimens  
f rom N o rw a y  and Sweden.

Aphanomyces scaber deBary  -  Fig. 1 A - K

Perhaps  no o the r  species in the genus  has 
been more  difficult to define and has suffered 
from more  widely d ivergent  interpretat ion than 
A p h a n o m yce s  scaber  (deBary 1860). M uch  of 
the uncer ta in ty  a bou t  the limits of  this taxon 
seems to cen te r  in the interpreta t ion of  the shape 
of  the oogonium wall ornamenta t ions .  In the 
descript ion,  deB ary  refer red to the o rn am e n ta 
tions as sharply pointed project ions (“ sp i tz” ), 
but the accom pany ing  figures (deBary 1860 pi. 
20, figs. 14-16) show  the vast  majori ty o f  them 
to be ro unded  apically,  and therefore papillate 
(Fig. 1 A , G)  ra ther  than spiny. H u m p h re y  
(1893) and C o k e r  (1923) identified as A. scaber  
plants with roughened  oögonial walls (crenate;  
see Fig. 1 I), o r  with papil late ones.  N e i the r  
au thor i l lustrated spiny oögonia for  A. scaber.  
H o w a rd  et al. (1970 fig. 9) f igured one spiny 
oögonium in the il lustrat ions they  provided to 
describe,  from Ice land ,  a plant  alleged to be this 
species.  Sco tt  (1961 p. 53) refers  to the oögonium 
wall o rnam en ta t ions  as ” . . .  sharp-pointed  
spines . . . ” , and in two accompanying  il lustra
tions so depicts  the oögonia.  T w o  o ther  il lustra
tions provided by him (1961 pi. 7, figs. K,  L) 
for this same spec ies  are o f  papillate oögonia.  
Although there  is no way to be certain,  deBary  
may well have misapplied the te rm “ sp i tz” 
to his species.  T h e r e  can  be no doubt  that 
H um phrey  (1893) used  the te rm loosely; the 
spiny-walled form o f  A. scaber  referred to in his 
text  matte r  is i l lustrated as papillate.

Scott  (1961) segregated  out  from A p h a n o m yce s  
scaber  all those  forms which had been described  
as having roughened  oögonial walls. Th is  in
cluded,  am ong  o thers ,  one  o f  the variants  
described by H u m p h re y  (1893) and the A.  
scaber  i llustrated by  C o k e r  (1923). All plants

Fig. 2. A -F :  A p h a n o m y ces  keratinophilus. -  A: Oögonium with a diclinous and an androgynous antheridial 
branch. -  B: Oögonium  with a diclinous and a monoclinous antheridial branch. - C :  Proliferated oögonium. -  
D: Branched oögonial stalk; right-hand oögonium is sparsely papillate. -  E: Oögonium  on a bent stalk. -  F: 
O ögonium with m ature oospore. - G - O :  A ph a n o m yces  sparrowii. - G :  D ischarged  sporangium; spore cysts are 
papillate. -  H: Term inal oögonium. -  I: Lateral oögonium with attendan t diclinous, intercalary antheridial 
cell. -  J: C luster  of oögonia showing the three types o f  antheridial b ranch origin. -  K: Sparsely spiny oögonium 
and monoclinous antheridial branch. -  L; Oögonium  with small, abundan t spines. -  M: Ovoid oögonium with 
a ttendant androgynous and monoclinous antheridial branches. -  N: Cylindrical oögonium with an aborted and 
a functional oospore , and a short-stalked, spherical oögonium. -  O: Oögonium  with m ature oospore. -  Figs. 
F .  O , scale 2; o thers ,  scale 1.



BOT. N O T IS E R  129 (1976) A p h a n o m yce s  f r o m  Scandinavia  363



364 T. W. Johnson , Jr. BOT. N O T ISE R  129 (1976)

with roughened  oögonia  -  papillulate (Fig. 1 H) 
or c rena te  (Fig. 1 I) -  were grouped by Scott  
into the new species ,4. irreguläre. Like deBary  
(1860), Scott  (1961) found little if any variation 
in the na tu re  o f  the wall o rnamentat ions .  
H o w a rd  et  al. (1970) reported specimens  from 
Iceland in which  oögonia  on the same hyphae  
were roughened  (crenate),  papillate,  and spiny. 
This  confi rmed H u m p h r e y ’s (1893) and C o k e r ’s 
(1923) conclus ions  regarding the identity of  their 
material of  T .  scaber, bu t  it mus t  be recognized 
tha t  ne i ther  o f  these invest igators  necessari ly 
dealt  with  unifungal  cultures in their obse rva 
tions. Large ly  on the basis o f  the Iceland plants,  
H ow a rd  et al. (1970) reduced A . irreguläre  to 
synonym y  with d e B a r y ’s / L  scaber.

Although J ohnson  (1974) was  aware  of  the 
earl ier  dec is ion (H oward  et al. 1970) to reduce 
A p h a n o m y c e s  irreguläre, he retained the name, 
and d iscussed  the taxon in connection with 
Ice land  spec im ens  assigned merely to the 
“A . s c a b e r -A .  irregulare-A . s te l la ta” (sic) 
complex .  T h e re  are individuals am ong the 
n um e rous  spec im ens  o f  A p h a n o m y c e s  f rom 
Sweden  and N o r w a y  that  confirm the act ion by 
H o w a rd  and his co-workers .  Oogonium wall 
o rnam en ta t ion  i n T .  scaber  is general ly densely 
(Fig. 1 A ,  F , G )  or  sparsely (Fig. 1 D , J) papillate, 
to be sure,  but  there are several notable varia
tions.  T h e  most  com m on variant of  the papillate 
pat tern is the format ion  of  papillulate (Fig. 1 H) 
or  c rena te  (Fig. 1 I) oögonia.  T hese ,  of  course,  
are identical to the pat tern in A. irreguläre. 
In unifungal cultures of  the Scandinavian plants  
6-11 %  o f  the oögonia  were provided  with some 
very b road  and  prominent  papillae (Fig. 1 B, E). 
T h e  pr imary spore cysts  in both species release 
the secondary  spores  through papillae. While 
the antheridial  b ranches  o f  A . scaber  and A.  
irreguläre  are predominantly dicl inous,  m o n o 
cl inous ones  are developed in the latter,  and 
(rarely) androgynous  ones  in the former.  In the 
Scandinavian  material,  all three types were 
found,  al though diclinous ones  were  more  
frequent .  T h e  unnam ed ornamented  rep resen ta 
tive o f  A p h a n o m y c e s  described by H ow ard  and 
Johnson  (1969) may be only a small form o f  
A. scaber  lacking antheridial branches,  but this 
canno t  now  be conf irmed from living material.

T w o  struc tura l  characteris t ics  seem c o n 
sistently enough displayed am ong  the many  
spec im ens  at hand  to be dependable  taxonomic  -

ally. F irst ,  the oögonium wall o rnamenta t ions  of  
A p h a n o m yce s  scaber  are generally small and 
inconspicuous,  or  the oögonia are crena te  to 
papillulate. S econd ,  the oögonia and oospores  of  
the species a re  small when com pared  to those 
of, for example ,  the closely allied A. stellatus.  
In the Scandinav ian specimens  o f  A. scaber,  
the oögonia  are (14-) 18-221-26) p m  in diameter .  
T h ese  sizes a re  similar to those given by Sco tt  
(1961) for  A. scaber  and for his A. irreguläre  
as well. This  fu r ther  suppor ts  the view taken  by 
H ow a rd  and his associates  (1970) regarding the 
status o f  the latter.

Aphanomyces stellatus de Bary -  Fig. 1 L -X

More  than  80 collect ions o f  this species have 
been made in southern  Sweden (principally in 
the U ppland  region),  and over 60 in N o rw a y .  
T he  a bundanc e  o f  the species provides a 
generous  sampl ing  on which to base c h a ra c 
terizat ion and identif ication.  As seems to have 
been in part  the cause  of  difficulty in identi
fying the prev ious  taxon ,  d e B a ry ’s (1860) failure 
to emphasize  the variat ions in shape o f  the 
oögonium wall o rnamenta t ions  in A p h a n o m y c e s  
stellatus  has led to later  indecision in in terpre ta 
t ion and  identif ication.  D eB ary  described the 
configurat ion o f  the oögonium in A . s tella tus  
as stellate; the wall o rnamenta t ions  were  called 
blunt o r  conical.

In the Scandinav ian  plants,  the oögonial wall 
o rnamenta t ions  were  commonly  variable in 
shape even  on the same oögonium (Fig. 1 T ,  
V -X ) ,  but  almost  always  are stout  and p rom i
nent . M ore  than  half  o f  the oögonia  in most  
cultures possessed  cy l indro-tuberculate  o rn a 
menta t ions (Fig. 1 S), or  distinctly trunca te  
tubercles (Fig. 1 O). A b o u t  4 0 %  of  the oögonia 
were marked  by broad ly  papillate ex tensions  of  
the wall (Fig. 1 N ,  R), and often oögonia 
displayed both  papil late and broad ly  tubercula te  
o rnam en ta t ions  (Fig. 1 U ,  V). Som e  prominent ,  
furcate or  “ inde n ted” tubercles (Fig. 1 P, Q,  
W,  X) were  presen t  on about  20 %  o f  the 
oögonia in spec imens  from most  of  the col
lections.  T h e re  is no doub t  that  deBary  (1860 
pi. 19, figs. 11-13) saw such variat ions in the 
ornamenta t ions  on the oögonia of  his plants .

D eB ary  (1860) did not  illustrate any oil 
deposi t ion  a r rangem ent  in the oospores  of  
A p h a n o m y c e s  s tella tus.  C o k e r  (1923 p. 164)



BOT. N O T ISE R  129 (1976) A p h a n o m y c e s  f r o m  Scand inavia  365

thought the oospores  to be “ . . . e c c e n t r i c . . .  
with an inconsp icuous  lunate series o f  droplets  
on one  side but he did not il lustrate this
dispos i t ion o f  oil reserve.  Accord ing to Scott  
(1961), A . stella tus  lacks a conspicuous  oil 
d rople t  in the oospores .  In the Scandinavian 
plants  at  hand,  some oospores  each had a small, 
cent r ic  or  eccen tr ic  oil globule (Fig. 1 M, N),  
but  o thers  (Fig. 1 O)  were devoid o f  a visible 
oil deposi t .  T h e  Icelandic plants which Johnson  
(1974 figs. 38-46) identified positively as A .  
stella tus  had oospores  with an oil droplet  (as 
is characteri s t ic  of  most  species in the genus). 
In this feature,  at least, A . stellatus  seems quite 
variable.

A n  occasional  oögonium in unifungal cultures 
o f  A p h a n o m y c e s  stellatus  developed only a few 
broad ,  low papillae,  and thus  resembled  some 
oögonia  p roduced  by A . scaber  (Fig. 1 B). In 
A . s te lla tus,  however ,  the oögonia (and o o s p o 
res) are general ly noticeably larger than  in A .  
scaber.  T h e  oögonia in the Scandinavian 
spec im ens  were  (21—)26—29(—34) p m  in diameter  
( inclusive o f  the wall o rnamenta t ions) ,  and the 
oospores  were  (14-)21-24(-28) p m  in diameter .

Earl ier ,  Jo h n so n  (1974) described but did not 
nam e  a num b e r  o f  ornamented  species of  
A p h a n o m y c e s  f rom Iceland.  Com par ing  speci
mens  o f  these  plants  with those from Sweden 
and N o r w a y  1 can  now identify with certainty 
some of  the Icelandic specimens .  Isolates 2892, 
and the plants  illustrated by me (1974) in 
f igures 60-68 as A . scaber  were  in reality 
A . s te lla tus. A p h a n o m yce s  irreguläre, depicted 
in my paper  as figures 53-59 is properly to 
be identified as A. scaber,  as are the plants 
shown in f igures 47-52 and 64-68 in the same 
publicat ion.

Aphanomyces sparrowii  C u t te r  -  Fig. 2 G - O

Sparrow (1930) first observed  this fungus in the 
internodal  cells of  a collect ion o f  Nitella  sp. 
from N e w  York .  H e  identified it as A p h a n o 
m yces  phycophilus  deBary (1860), but later 
(1933 p. 532) noted tha t  the fungus  was too 
small and delicate,  and the o rnamenta t ions  too 
spine-like “ . . .  to  be identical with A. p h yco 
p h i lu s .” C u t t e r  (1941), reexamining S p a r ro w ’s 
material (preserved?),  agreed,  and named the 
plants from N e w  York  A . sparrowii.

A p h a n o m y c e s  sparrowii has been found but

a single time in Scandinavia:  on ce l lophane ,  in 
soil from stream bank at c ross ing  o f  Route  154 
over  south end o f  Langen (59°43'25 " N ,  
11°00'30 " E),  N o rw a y ,  25-VIII-75 (Herb.  No.  
12922 B). This  is the first r epor t  o f  the 
recovery  o f  living material o f  this species s ince 
its discovery by Spar row in 1929.

The  character is t ics  of  the N orw eg ian  plants  
varied somewhat from those o f  spec im ens  in the 
only o ther  known collect ion (Spar row  1930). 
General ly ,  the oögonia  had many  large,  sharp 
spines that were  somet imes  curved  o r  furcate 
(Fig. 2 H , I, O), but in 6 %  of the cases,  
the spines were very short (Fig. 2 L),  and in 
some instances  sparse as well (Fig. 2 K). In 
exceptional  cases (Fig. 2 J) ,  the spines were 
20-26 £im long; in the type material ,  14 p m  was  
the maximum length reported .  Only  diclinous 
antheridial branches  were noted  by C u t t e r  in the 
specimens  he examined .  T h e  spec imens  from 
N o rw ay  had  androgynous  (Fig. 2 J ,  M ,  in part)  
and monoclinous  (Fig. 2 K, L ,  N )  ones  as well. 
T he re  were  minor var iat ions be tw een  the type 
and  the N orwegian  plants in such  features  as 
oögonium shape and sporangium length.  O ö g o 
nium size and oospore  d iam ete r  in the plants  
on  cel lophane were  remarkab ly  like those 
recorded  (Cut ter  1941) for  the species.

A n  expanded descript ion o f  A p h a n o m y c e s  
sparrowii, reflecting the variat ions exhibited by 
the N orwegian  specimens,  fol lows. T h e  pat tern 
of  spore discharge behavior is descr ibed  here for  
the first time.

H yphae  hyaline,  intramatrical  or  extramatr ica l ,  
sparingly branched.  Sporangia f i lamentous ,  
unbranched,  3.5-11 p m  in diameter ,  up to 210 
/xm long; somet imes  tapering imperceptibly 
toward the apex.  Primary planonts formed in a 
single row in the sporangium; elongate at 
discharge ,  and usually connec ted  to one another  
by a s lender,  cy toplasmic  strand;  emerging 
apically from the sporangium, rounding up 
immediately,  and clustering in a loose ball at 
the orifice; each  secondary  planont  emerging 
from a cyst  through a small papilla, and swim
ming away  at once  as a lateral ly biflagellate 
cell; primary  planont cysts  7-10 p m  in diameter .  
Oögonia  lateral or  terminal;  general ly spherical,  
infrequently ovoid or  cylindrical;  wall thin, 
hyaline,  unpit ted,  densely or sparsely o rna 
m ented  with straight,  cu rved ,  or  furca te ,  short

25 -  B o tan iska  N o tise r  129:4
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or long spines, these reaching a length o f  26 g m ;  
stalks slightly irregular  or  s traight,  o f  varying 
lengths,  but  generally (70%  median) as long as 
the d iamete r  of  the oögonium, and up to three 
t imes longer than the  diameter;  (16—)21—24(—28) 
(im in diameter ,  exclusive  of  the o rn am e n ta 
tions.  Antheridial b ranches  usually presen t ,  1-3 
at tendant  to the oögonia ;  simple or  sparingly 
branched,  often short ;  p redominantly diclinous,  
occasionally (20 %) androgynous  or  m o n o 
cl inous; antheridial cells clavate  to bel l-shaped,  
applied terminally o r  lateral ly; fertilization tubes  
not observed .  O ospo re  single, but a second,  
small,  aborted one occurr ing in a few oögonia;  
pale yel lowish to pale golden yellow, containing 
a single, spherical,  centr ic  or  subcentr ic ,  c o n 
spicuous oil globule; (14-) 19-22(-26) ptm in 
diameter;  germination not  observed .

A p h a n o m yce s  sparrowii superficially resembles 
A . phycophilus  deBary ,  and  Wille’s (1899) A.  
norvegicus  (originally described from N o rw a y ,  
this species has not  again been found in the 
Scandinavian peninsula) .  While the oögonia of  
all three species are usually densely o rnamented ,  
the project ions in A .  phycoph ilus  and A .  
norvegicus  are shor t ,  conical ,  and  rounded  at 
the apex (papillate). Wille’s and d e B a ry ’s 
species are known only from infested algae, 
but  as the N o rw ay  collect ion of  A. sparrowii 
shows,  subs tratum m ay  be o f  little consequence  
taxonomically.  T h e  spec imens described briefly 
from Iceland (H ow ard  et al. 1970) under  the 
name ,4. norvegicus  certainly differ prominently  
from A . sparrowii as  this species is represented  
in the single collect ion at hand.
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A new Tribulus (Zygophyllaceae) from India 
M. M. Bhandari and V. S. Sharma

Bhandari, M. M . & Sharm a, V. S. 1977 01 28: A new Tribulus (Zygophyllaceae) from 
India. Bot. N otiser  129: 367-369. Stockholm. ISSN 0006-8195.

Tribulus rajasthanensis  Bhandari & Sharm a sp. nov. is described from the N W  
Rajasthan desert in India.

M. M . Bhandari, B otany D epartm ent,  University o f  Jodhpur, Jodhpur, India.
V. S. Sharma, Taxonom y and Herbarium  Division, N a tiona l  Botanic Gardens,  
L u ckn o w , India.

Tribulus rajasthanens is  Bhandari  & Sh a rm a  sp. 
nov. -  Fig. 1

Tribuli terrestris valde affinis, a ttam en ab hac specie 
facile distinguendus coccis constan te r  magis dense 
hirsutis, spinis secundariis prom inentibus firmioribus 
magis frequentibus e t spinarum pari inferiore toto 
carenti.

H e rb a  perennis vel raro  annua, diffuse prostrata 
vel subascendens. Caules multi e rhizomate sublignoso 
orti, usque ad 30 cm longi, dense pubescen tes  atque 
eodem  modo sparse hirsuti g labrescentes striati. 
Folia 2-5 cm longa, opposita vel in parte  inferiore 
interdum a l tem a, ad nodos sem per inaequalia, 
maiora paribus foliolorum 7, minora paribus foliolorum 
usque ad 5. Folio la 6 -1 0 x 4 -5  mm, obscure 
petiolulata, obliqua, oblongo-ovata vel lanceolate- 
ovata ,  acuta vel subobtusa, saepe m ucronulata ,  subtus 
dense sericea vel villosa, supra sparse pubescentia  
vel glabrata. Stipulae  6 - 7 x ] , 5-3 mm, subulatae, 
plerumque falcatae persistentes. Flores  1.5 vel 1.6 cm 
diam., laete lutei. Pedunculus  1-2 cm  longus, saepe 
quam folium susten tum  longior vel eo aequilongus, 
dense pubescens. Sepala  6 -7 x 1 .5 -2 .5  mm, lineari- 
lanceolata acu ta , marginibus scariosis, extus villosa, 
intus in parte superiore minute pubescentia .  Petala
6-8 x  4-5 mm, late obovato-cuneata ,  apice subtrunca- 
to-rotundata . Stam ina  8-10, filamentis 3^4 mm longis, 
antheris 1.5-1.7 mm longis ovato-oblongis subaequa- 
libus, base tuberculato-inflalis. Stylus  usque ad 3 mm 
longus, elongatus cylindricus. S tigm a  pyramidale, 
saepe asym m etricum . Glandulae intrastaminales  non 
connatae, late triangulares vel varie lobatae. G landu
lae extrastaminales  ca. 1 mm longae, ro tundae, 
truncatae vel subem argina tae , quam instrastaminales 
crassiores, Fructus  5-coccus, ad m aturita tem  1.2-1.4 
cm  latus; cocci 6-7 x 5-6 mm, co n s tan te r  dense 
hispidi, coccis singulatim spinis duabus divergentibus

5-6 mm longis ad partem  m ediam insertis munitis 
p rae terea  spinis alteris 20-25, inaequalibus minoribus 
vel secundariis, dorse et cristatim dispositis  et 
dispersis, atque saepe ad dimidiam longitudinis 
spinarum principalium attingentibus, spinis singulatim 
setis tuberculatis com parate  multo longioribus termi- 
natis. N um erus  chrom osom atum  n =  6.

Closely allied to Tribulus terrestris L.  but  easily 
dist inguished by its constant ly m u c h  more  
densely hirsute cocc i ,  having much more  p ro 
nounced  and s touter  secondary  spines,  and 
complete  absence  o f  lower  pair  o f  spines.

Perennial  or rarely annual ,  diffusely pros tra te  
or  som ew hat  ascending herb.  S tem s  m any  from 
a somew hat  woody roo ts tock ,  up to 3 dm long, 
densely pubescen t  and sparingly hirsute,  gla- 
brescent ,  striate. Leaves  2-5 cm long, opposite  
or  somet imes al terna te in the low er  region,  
always unequal  at the node ,  the larger  with up 
to 7 pairs  o f  leaflets, the smaller  with  up to 5 
pairs of  leaflets. Lea fle ts  6 - 1 0 x 4 - 5  mm, 
indist inct ly pet iolulate,  oblique,  ob long-ova te  or 
lanceola te-ovate,  acute  or  subobtuse ,  often 
mucronulate ,  densely  si lky-pubescent  o r  villous 
benea th ,  sparingly pubescen t  or g labra te on the 
upper  surface.  Stipules  6-7 x 1.5-3 mm, sub 
ulate, usually falcate,  persistent .  Flow ers  1.5-
1.6 cm across ,  bright  yel low. Pedunc le  1-2 cm 
long, usually shor te r  than or  as long as the 
subtending leaf, densely pubescent .  Sepals
6 - 7 x 1 . 5 - 2 . 5  mm ,  l inear-lanceolate,  acute,
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Fig. 1. Tribulus rajasthanensis.  -  A: Branch, x  1. -  B: F low er,  x 2 .5 .  -  C: O vary ,  x 6 .  -  D: C occus,  lateral 
view (hairs removed), x 7 .  -  E: Sam e, dorsal view, x 7 .  -  F: Portion  o f  coccus showing hairiness, x 7 .  -  G: 
U pper  portion o f  spine showing terminal tubercu la te  bristle, x  6.
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margins  scarious ,  villous outside,  minutely 
pu b es cen t  inside in upper  half. Petals  6-8  x 4—5 
m m ,  broad ly  obovate-cuneate ,  with somew hat  
t runca te  apex.  S ta m en s  8-10; fi laments 3-4 mm 
long; an thers  1.5-1.7 mm long, ovate-oblong,  
subequal .  O vary  with bulbous-based  bristly 
hairs  direc ted upwards.  Sty le  up to 3 mm long, 
elongate ,  cyl indrical.  S tigm a  pyramidal ,  often 
a sym m etr ic .  In ters tam ina l g lands  not connate,  
b roadly  triangular  or  variously lobed.  E xtra - 
s ta m in a l  g lands  c. 1 mm long, round,  t runca te  
or  s o m e w h a t  emarginate,  th icker  than the 
in ters taminal  glands.  Fruit breaking up into 5 
cocc i ,  1.2-1.4 cm wide at maturi ty (excl. two 
main spines);  cocci 6-7 x  5-6 mm, invariably 
dense ly  hispid,  each with two,  5-6  mm long, 
d ivergent  spines inserted almost  central ly,  and 
with 20-25 unequal ,  smaller  (secondary) ones,  
c re s ted  as well as dispersed at the back and 
of ten reaching  half the length of  the main

spines;  every spine te rminated by a tuberculate 
bristle much longer than the spine itself.
Collections.  India, Rajasthan. Jo d h p u r  distr.,  common 
on the rocky plateau o f  M assuria , 3.10. 1959, 
Bhandari 537 (CAL holotype, K, JA C , C A L , LWG);
10.8. 1959, Bhandari 12 (JAC); 29.3. 1955, T andon  
337 (JAC) -  Ja isa lm er distr.,  on rocks N  Jaisalmer,
22.8. 1961, Bhandari 985 (JAC); 1.12. 1955, Vasvani 
s.n. (JAC) -  A jm er distr., Beaw ar-Jodhpur road, 
near Sendra , on gravelly ground, 13.9. 1960, Sharm a 
1618 (LW G).

C h ro m o so m e  num ber. Tribulus ra jasthanensis  
has n = 6  (voucher:  Kai lana on rocks ,  Jodhpur ,  
Bhandar i  35, JAC) .  In o ther  Indian rep resen ta 
t ives o f  the Tribulus terrestris  complex  n = 6  
as well as 12, 18 and 24 has been found.
A cknow ledgem en ts .  T he  au thors are grateful to D r  
R. C. Bakhuizen van den Brink, Rijksherbarium, 
Leiden, for the Latin description. T he  second au thor 
also wishes to express his gratitude to  D r  T . N . 
K hoshoo , D irector o f  the National Botanic G ard en s ,  
L ucknow , for working facilities.



The main subdivisions of Leguminosae
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El-Gazzar, A . & El-Fiki, M. A. 1977 01 28: T he main subdivisions of Legum inosae. 
Bot. N o t is e r  129: 371-375. Stockholm. ISSN 0006-8195.

On the basis o f  seed morphology, distribution o f  alkaloids, flavonoids and canavanine and 
susceptibility to U rom yces  rusts, De C andolle ’s classification o f  the Legum inosae into 
two major groups (Rectembriae and Curvem briae) seems superior to the m ore  familiar 
recognition o f  the three subfamilies M im osoideae, Caesalpinioideae and Papilionoideae. 
De C ando lle ’s association of the Swartzieae with the Papilionoideae is m ore  in line 
with flavonoid distribution than their currently  accepted position in the Caesalpinioideae.

A . EI-Gazzar, B o tan y  D ep a r tm en t ,  Faculty  o f  S c ience , C airo  University , Cairo , E gyp t.
M . A . El-Fiki, D e p a r tm e n t  o f  Agricultural B o tany , Faculty  o f  A gr icu ltu re , A l-A zhar  
University , Cairo , E g yp t .

T h e  earl iest com pre hens ive  taxonom ic  t rea t 
ment o f  the Legum inosae  is tha t  o f  D e  Candolle 
(1825), w ho  arranged this vas t  ar ray  o f  plants 
into two “ sub o rd e r s ” with a num b e r  of  sub
ordinate taxa:
S uborder I. C urvem briae  (embryo axis curved)

1. Papilionaceae (sepals free, s tam ens perigynous, 
corolla papilionate)
a. Phyllolobae (cotyledons thin and leafy), 3 

tribes, 7 subtribes
b. Sarcolobae (cotyledons fleshy), 3 tribes

2. Swartz ieae (calyx inflated with indistinct lobes, 
s tamens hypogynous, corolla 0-2), 1 tribe

Suborder II. Rectembriae (embryo axis straight)
1. M im oseae (sepals and petals valvate, stamens 

hypogynous), 1 tribe
2. Caesalpineae (petals im bricate, stam ens peri

gynous), 3 tribes

This a r rangem ent  was accep ted  only by Loudon  
(1841), and  was followed by the system of 
Bentham & H o o k e r  (1862), in which the 
Leguminosae  are divided into three  “ sub
o rd e r s ” :
Suborder I. Papilionaceae (calyx gamosepalous; 

posterior petal outerm ost; radicle inflexed or 
curved, rarely short and straight), 11 tribes 

Suborder II. Caesalpinieae (calyx free, rarely 
gam osepalous; petals im bricate , posterior inner
m ost; radicle straight, rarely  slightly oblique; 
stamens usually free), 7 tribes

Suborder III. M im oseae (flowers regular, small; 
calyx gam osepalous or free, valvate; petals  valvate, 
usually connate  at base; s tamens free or mona- 
delphous), 5 tribes

Bentham & H o o k e r  kept  De C ando l le ’s 
Swartz ieae  as one o f  the 11 tr ibes const i tut ing 
their Papil ionaceae.  The  sys tem of  Bentham & 
H ooke r  was later modified by T a u b e r t  (1891), 
who trea ted their “ sub o rd e r s ” as subfamilies 
and m oved  the Swartz ieae  to the Caesa lp in io i
deae.

T h e  subdivision of  Leguminosae  into three 
subfamilies has received universal  accep tance ,  
al though some authors (e.g. J o n e s  1955, 
Hutch inson  1964, Dahlgren 1975) w en t  so far  as 
to p romote  the Leguminosae  to an order  
(Fabales or  Leguminales)  with three  families 
(Mimosaceae ,  Caesa lp in iaceae  and  Papil io
naceae  or  Fabaceae) .  Th is  represen ts  only a 
hierarchical ad justment without  any  im prove
ment in diagnoses  or  c ircumscr ip t ion o f  the 
three groups.

W e have set  out  to s tudy the taxonomic  
subdivision o f  Leguminosae  in the light o f  seed 
morphology,  chemist ry  and susceptibi l i ty to 
rusts.  T h ese  charac te rs  have been selected 
because  they  have been studied in so many
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Table  1. T he distribution of 7 characters  from seed morphology within the Leguminosae.

Mimosoideae and Caesalpinioideae 

Ovules ana tropous

Seeds sym m etrical, chalaza and hilum at opposite 
ends

Hilum small, rounded , with a median grove

C otyledons cordate  at base

Radicle and em bryo  axis short and straight

Funicle long, som etimes spirally twisted

O ne vascular bundle recurren t in the subhilar tissue 
of the median line around the seed

Papilionoideae 

Ovules cam pylo tropous

Seeds asym m etrica l,  raphe shorter than antiraphe

Hilum relatively large, elongate, som etimes without 
median grove

C oty ledons ovate-ellip tica l,  never cordate

Radicle and em bryo  axis elongate and curved o r  in 
a short spiral

Funicle short,  n ev e r  spirally twisted

T w o recurren t vascu la r  bundles in the subhilar tissue 
of the median line around the seed

genera  and species  that  it should be possible 
to make general izat ions o f  the taxonomic  c o n 
clusions that might acc rue from the analysis.

Seed morphology

Table  1 shows strong correlat ion am ong  cha rac 
ters  from seed  morphology recorded  by Corne r  
(1951) and Isely (1955). T h e  distinct ion be tween 
two main groups o f  leguminous plants comes  out 
clearly: one group covers  the Mimosoideae  
and Caesalp inioideae,  the o ther  is equivalent  
to the Papil ionoideae.  The  two groups coincide 
with De C a n d o l le ’s two “ sub o rd e r s ” R ec tem 
briae and C urvem br iae  respectively.  T h e  cu r 
rently accep ted  classificat ion into three sub
families does not  so well reflect the know n facts 
about  seed morphology.

The alkaloid pattern

According to the reviews by Mears  and Mabry 
(1971) and G ibbs  (1974), there are some 260 
alkaloid com pounds  distr ibuted in about  400 
species from 67 leguminous genera.  O n  the basis 
of  their chemical  s t ructure ,  these com pounds  
have  been classified by Mears  and M abry  into 
19 groups ,  4 o f  which include highly infrequent  
substances .  T h e  distribution of  the remaining 
15 groups am ong  the genera and species of  the 
three traditional subfamilies of  Leguminosae  is 
given in Tab le  2.

O f  the three  subfamilies, the Papil ionoideae 
is r ichest in alkaloids, both in te rm s  of  num ber

of  com p o u n d s  and  num ber  of  species producing 
them. Th is  is especial ly evident  in the case  of  
tert iary and  qua te rna ry  quinolizidine der iva
t ives,  w here  hardly any o f  the papil ionaceous 
species exam ined  so far is lacking in them. 
M oreove r ,  o f  the 15 groups o f  alkaloids 
rep resen ted  in Tab le  2, 11 are totally confined 
to m e m bers  o f  the Papil ionoideae,  whereas  
three o f  the remain ing four  can be encounte red  
in all th ree  subfamilies with a notable c o n c e n 
trat ion of  phenyla lanine- and ty rosine-der ived 
alkaloids in the  M imosoideae .  T h e  taxonomic  
implicat ion o f  this biased distr ibution of  alka
loids in Legum inosae  is that the Mimosoideae  
and Caesa lp in io ideae  ought  to com e closer  to 
each  o the r  than  ei ther  of  them to the Papil io
noideae.  This  is fur ther  suppor t  to D e  Cando l le ’s 
idea o f  recognizing only two main groups  of  
leguminous plants .

Canavanine

T h e  Legum inosae  are unique am ong  angio- 
sperms  in possess ing  the free non-protein amino 
acid canavan ine  in their  seeds (92 families 
tested;  T u r n e r  & H arb o rn e  1967). Fu r therm ore ,  
o f  the 10 species  ( represent ing 7 genera)  of  
M im oso ideae  and  the 26 species (from 17 genera) 
o f  Caesa lp in io ideae  examined  none  contains 
canavanine .  By cont ras t ,  nearly 550 species 
from 127 genera  o f  the Papil ionoideae have been 
tested for the occurrence  of  this acid and no 
less than 271 species (i.e. c. 5 0 % )  representing 
54 genera  reac ted  posit ively (Alston & T u rn e r
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T ab le  2. T he distribution of 15 groups of alkaloids among the genera (g) and species (spp) of the three 
subfamilies of  Leguminosae. M M im osoideae, C Caesalpinioideae, P Papilionoideae.

G ro u p s  of alkaloids N u m b er  Subfamilies 
of
com pounds M C

g spp g spp

P

g spp

Binary quinolizidine 6 0 0 0 0 7 36
T ertia ry  quinolizidine 9 0 0 0 0 19 125
Q uate rnary  quinolizidine 36 0 0 0 0 22 183
M atrine (quinolizidine) 7 0 0 0 0 4 15
Q u in tem ary  quinolizidine 9 0 0 0 0 2 10
U nknow n quinolizidine 18 0 0 0 0 9 21
Pyrrolizidine (Crotalaria) 53 0 0 0 0 3 43
Physostigm a 7 0 0 0 0 2 7
Erythrina 14 0 0 0 0 1 31
A m m odendrine-hy  sterine 5 0 0 0 0 2 11
Alkylamine and related com pounds 15 0 0 0 0 18 21
Erythrophleum 9 0 0 1 4 0 0
Phenylalanine and tyrosine-derived 12 3 34 2 2 8 12
Bicyclic tryptophane-derived 15 4 17 2 2 8 35
Tricyclic tryptophane-derived 3 1 1 1 1 1 1

Total num ber of taxa  screened 7 47 5 11 55 336

1963, Bell 1958, 1962, 1966, 1971, Bell & F o w d e n
1964, Bell & T i r im anna  1965, T u rn e r  & Har-  
borne 1967).

Although  canavan ine  has been found in the 
seeds of  only 5 0 %  o f  the species examined  
from the Papil ionoideae,  its total absence  in the 
o the r  two subfamilies suggests  a higher degree 
of  taxonomic  affinity be tween them than 
be tween  ei ther  o f  them and the Papil ionoideae.

Flavonoids

T h e  results of  extensive surveys to date  (Bate- 
Smith 1962, H arborne  1967, 1971, G ibbs  1974) 
show that every species o f  the Leguminosae  
contains f lavonoids of  some kind.  T h e y  also 
brought to light some further  taxonomica lly 
important  facts:

( 1 )T h e  three com mon flavonols myricet in,  
querce t in  and kaempferol  are almost  exclusively 
confined to the predominantly  arborescent  
M imosoideae  and Caesa lp in io ideae,  with only a 
rare occurrence  in the Papil ionoideae.

(2) T h e  natural  tannins o f  the  leucoantho- 
cyanidin group  (which are essential to the 
leather  industry)  are nearly universal  in both 
the Mimosoideae  and Caesa lp in io ideae,  and

have as yet been identified in only a few 
woody species of  Papil ionoideae.

(3) T h e  two com m on  flavones  luteolin and 
apigenin are strictly confined to the Papil io
noideae.

(4) Some 55 different com pounds  of  the 
isoflavonoid group occur  characterist ical ly in 
the Papil ionoideae.  T h e y  have been found in 
species from 9 of  the 10 tr ibes const i tut ing this 
subfamily,  and it is felt (H arborne  1967) that  
more intensive search might well reveal their 
presence  in the remaining tribe (Loteae) .

Isoflavonoids have also been  found in the 
hear twood o f  Sw artzia  m adagascariensis ,  
Cordyla africana  (both from the tribe 
Swartzieae)  and A m p h im a s  pterocarpoides  
which have often been  grouped with the 
Caesalpinioideae.  T h e s e  are the only repor ts  of  
isoflavonoids in leguminous plants  other  than 
Papil ionoideae.  H ow e ve r ,  these  genera were 
associated with the Papil ionoideae by De 
Candol le  (1825) as well as Bentham & H o o k e r  
(1862) and H utch inson  (1964).
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Rust susceptibility

Leguminous  plants  have for  long been known 
as suitable hosts  to numerous  species and 
physiological races of  U rom yces  Link,  but this 
seems to be the first at tempt to apply rust 
susceptibi li ty da ta  in the ta xonomy o f  the 
Leguminosae .  We collected all the records  of  
U rom yces  species on leguminous plants  made  
by Ahm ed  (1956), A r thur  (1929), de Bary & 
Rehm (1884), Er ickson  (1930), G ä u m a n n  (1959), 
O udem ans  (1919-20), Saccardo  (1888-1905) 
and Wilson & H enderson  (1966) from all parts  
o f  the world.  It  appeared  that several hundred  
leguminous species from 65 genera are s u sc ep 
tible to 138 U rom yces  species.  T h e  susceptible 
genera are the following:

M imosoideae (3 genera): Acacia , Inga, Prosopis.
Caesalpinioideae (1 genus): Bauhinia.
Papilionoideae (61 genera): Anagyris , Anthyllis,  

Arachis, A sp a la th u s , Astragalus, Bolusia, Bonaveria,  
Cajanus, C am ptosem a, Caragana, Cicer, Cladrastis, 
Clitoria, Colutea, Coronilla, Crotalaria, Cytisus, 
Desm odium , Dolichos, Dorycnopsis, Ervum , Galega, 
Genista, Glycyrrhiza, Gueldenstaedtia, H edysarum ,  
H ippocrepis , H ymenocarpus, Indigofera, Inocarpus , 
Laburnum , Lathyrus, Lens, L espedeza ,  Lotus ,  
Lupinus, M edicago, Melilotus, M ucuna , Neuro-  
carpum, Onobrychis, Ononis, O rnithopus, Oxytropis,  
Phaca, Phaseolus, Pisum, Pseudarthria, Psopho-  
carpus, Psoralea, Ptelea, S a ro th a m n u s , Sophora,  
Spartium , Tetragonolobus, Trifolium, Trigonella, 
Ulex, Vicia, Vigna.

I t  appears that,  in terms of  number  of  genera ,  
the Papil ionoideae are far  more  susceptible to 
U rom yces  rusts  than the Mimosoideae  and 
Caesalp inioideae ,  which together  con tr ibu te  
only 4 of  the 65 susceptible genera.

It has not  been possible to count  exactly 
the number  of  susceptible species since many 
records  are made  only in terms o f  genera.  
N ever the less ,  while only a few species from the 
Mimosoideae  and Caesalpin io ideae are on 
record  as yielding to rust at tacks ,  about  60 
Trifolium  species, 50 Vicia species,  3 0 P haseolus  
species and 20 Lathyrus  species (making a 
total of  160 species from only 4 of  the 61 
papilionoid genera in the list) are known to 
ha rbour  these parasites.

O f  the 138 U rom yces  species afflicting the 
Leguminosae ,  only 13 species infect members  
o f  the Mimosoideae  and Caesalp inioideae .  T h e  
remaining 125 rust species have been e n c o u n 
tered on members  of  the Papil ionoideae only.

Again ,  the results indicate a major dist inc
tion be tween  the M imosoideae  and C aesa lp i 
nioideae as one group and the Papil ionoideae as 
another .

Discussion

T h e  observat ions  on seed morphology,  dis
tr ibution o f  alkaloids, canavanine,  f lavonoids 
and susceptibili ty to U rom yces  rusts  point  
collect ively to the recognit ion of  only two major 
groups  within the Leguminosae:

Group A  (Mimosoideae and Caesalpinioideae) 
is defined by a combinat ion  o f  ana t ropous  
ovules,  corda te  co ty ledons ,  straight radicle 
and em bryo  axis,  long funicle which may be 
spirally twisted,  one vascular  bundle in the 
subhilar  tissue of  the seed coat ,  total lack of  
quinolizidine,  pyrrolizidine and alkylamine 
alkaloids, absence  o f  canavanine ,  a high yield 
of  f lavonols (myricet in,  quercet in ,  kaempferol)  
and tannins o f  the leucoanthocyanidin  type,  
and a meagre record  of  susceptibi li ty to 
U rom yces  species.

Group B  (Papil ionoideae,  including the 
Swartz ieae)  is charac te r ized  by cam pylo t ropous  
ovules,  ovate-el l ipt ical  co ty ledons,  cu rved  or 
spiral radicle and em bryo  axis, short funicle,  
two vascu la r  bundles  in the subhilar  t issue of  
the seed  coat ,  a high content  of  alkaloids 
(especially quinolizidine,  pyrrol izidine and 
alkylamine derivat ives) ,  the p resence  of  
canavanine,  the rich product ion o f  f lavones 
(luteolin and apigenin)  and a wide range of  
isoflavonoids, and a vast  record  o f  rust  su scep 
tibility.

G ro u p s  A and B are comparable  with De 
C ando l le ’s two “ s u b o rd e r s ” Rectembr iae  and 
C urvem briae  respect ively,  and to this ex tent  
his classificat ion o f  the Leguminosae  is superior  
to all subsequen t  t r ea tm en ts  which subst i tu ted 
these two major groups  by three  groups  of  
equal hierarchical  s tatus.  H ow ever ,  the six 
clearly papi l ionaceous genera Arachis,  
V oandzeia , Brongniartia  ( including Peraltea),  
Andira, G eoffroea  and  D ipteryx  const i tut ing 
the tribe G eoff reae  in D e  C ando l le ’s Caes-  
alpineae should be  m oved  to the Papil ionoideae.  
Brownea  is the only genus  in this tribe that 
should be left in the Caesalpin ioideae.  This  
minor modificat ion will make  D e  Cando l le ’s
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system fully compatib le  with the results  p re 
sented here.
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P sychotria  gardneri  (Thwaites) H ooker  f. var. ja y a su r iy a e  Sohm er and P . zeylanica  
Sohm er are described as new. P sychotria  w aasii  Sohm er and P . fo sb e rg i i  Sohmer are 
given as new names for the species previously known as P. f i l ip e s  (Thwaites) H ooker 
f. and P. e longa ta  (Wight) H o o k e r  f., respectively, which are later hom onym s.

S. H. Sohm er, U niversity  o f  W iscon sin -L a  C rosse ,  La C rosse ,  W isconsin 54601, U .S .A .

While revising Psychotria  in Sri Lanka  for the 
F lora  o f  Cey lon  Project ,  sponsored  joint ly by 
the Univers i ty  of  Ceylon,  Peradeniya,  D e p a r t 
ment o f  Agriculture,  Peraden iya and the 
Smithson ian Inst itution,  Washington,  the follow
ing addi t ions  and changes  for the genus were 
found to be required.

Psychotria gardneri (Thwaites)  H o o k e r  f. var. 
jayasuriyae S ohm er  var. nov.

A rb o r  parva vel frutex ad 3 m altus, petiolis foliorum
0.1-1.5 cm longis, laminis foliorum obovatis vel 
ellipticis coriaceis 0 . 8 x 2  to 3 x 6  cm  latis longisque, 
basibus acutis, apicibus acutis vel acuminatis, nervis 
lateralibus 4-7 paribus, in axillis saepe foveis 
conspicuis instructis, inflorescentia 2.5-5.5 cm longa, 
ramis ve rticill a t is , corolla tubo apicem versus 
dilatato fauci non hirsuto, fructu globoso 5-7 mm 
longo, pyrenis  asulcatis endosperm io ruminato. A var. 
gardneri  foliis parvioribus, inflorescentia parviore, 
et corolla tubo fauci non hirsuto distinguenda.

Type:  Sri Lanka , N uw ara  Eliya Dist.: D iyagam a T ea  
Estate Road to H orton  Plains, 27 O ct. 1975, Sohm er & 
Sumithraarachchi 9986 (US holotypus! BISH, F , G H ,  
K, M O , N Y , P, PDA, U W L , W isotypil).

Small t ree  or  shrub to 3 m. L ea ves  with narrow, 
ovate,  caducous  stipules 2-5 mm long, with 
pet ioles 0.1-1.5 cm long and with obovate,  
elliptic, retuse,  coriaceous  blades  0 . 8 x 2  to 
3 x 6  cm wide and long, acute at base,  and with 
acu te  to abruptly shor t-acuminate apices,  and 
often with conspicuous  pits in the axils o f  the

4-7 pairs of  lateral veins. In florescence  with 
one main axis,  1.5-3.5 cm long and with up to 
3 nodes  which each  have whor ls  of  4 branches,  
each  branch  sub tended  by prominent ,  wide,  
dilated bracts  and te rm inated  by cym ose  clusters 
of  9-20 sessile f lowers.  Calyx  1.5-2 mm long 
with tube dilated towards  the apex and with 
small acute lobes. Corolla  white, 3.5-4.5 mm 
long with the tube dilated towards  the summit  
and glabrous at the throat  and with the lobes 
about  equal to the tube and reflexed at anthesis .  
Fruit globose,  5-7 mm long with pyrenes  not  
sulcate and with endosperm ruminate.  The  type 
specimen is il lustrated in Fig. 1.

Distribution a n d  ecology:  Rather  widely dis
tr ibuted in the Central  Highlands in montane  
forests  from about  1500 to 2 000 m, al though 
not  particularly common.  F lower ing  usually 
begins in M arch-A pr i l  and the fruits mature 
by A ugus t -Sep tem ber .  Endemic  to Sri Lanka.
S pec im en s  exam ined:  N uw ara  Eliya Dist.: Gonipitiya 
Tea Estate boundary jungle, Sohm er & Sum ithra
arachchi 10179 (GH, M O, N Y , PDA, U S , U W L ); 
Fairyland T ea  Esta te ,  rem nan t boundary  jungle, 
Sohm er and Sumithraarachchi 10212 (GH, MO, N Y , 
PDA, U S , U W L); ridge west o f  N uw ara  Eliya T ow n, 
Fosberg  36770 (US); forest above Lindula, Koster- 
mans 24606 (K); slopes above Hakgala Botanic 
G ardens ,  C ooray  7002119R (PDA, US); Elk Plains 
near Am baw ella , K osterm ans s.n. Apr. 1969 (K). -  
Badulla Dist.:  N am unuku la ,  T irvengadum , Cram er, 
Waas & Bandaranayake 595 (PDA, US). -  W ithout 
collection data: C ollector unknown (K).
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Fig. 1. Psychotria gardneri var. jayasuriyae  Sohm er (holotype, US).
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T h e  individuals of  this taxon have m asqueraded  
ra ther  successfu l ly in Sri Lanka  in years  past 
as m em bers  o f  what  has been called Psychotria  
bisulcata  W. & A. due to a remarkab le  r e s em 
blance in habit  and leaf  morphology.  T h e  seeds,  
however ,  are ruminate ,  and not  sulcate as are 
those  of  the individuals o f  the latter  taxon.  The  
mos t  obvious character s  that  delimit this taxon 
from P. bisulcata  (now P. zeylanica)  reside  in 
the morphology  of  the inflorescence.  In both 
variet ies  o f  P. gardneri  the branches  o f  the 
inflorescence are verticillate, not opposite ,  and 
are sub tended  by relatively broad,  conspicuous  
bracts .  T h e s e  bracts  also distinguish the 
species from all other  Sri Lankan represen ta t ives  
of  the genus .  Psychotria gardneri var.  j a y a 
suriyae  differs from the nominate  variety by 
the smaller leaves,  smaller  inflorescences,  and 
the corolla tube  that is glabrous,  not  bearded 
at the throat .

T h e  varie ty is named after M r  A. H. Magdon 
Jayasur iya ,  a botanical assistant  with the F lo ra  
o f  Ceylon  Projec t  who has aided me immensely  
in the field and  in the herbarium.

Psychotria zeylanica Sohmer  sp. nov.

Psychotria bisulcata  sensu auctt. non Wight and 
A rno tt ,  Prodr. FI. Penins. lndiae Orient. 434 (1834);
G . H. K. T hw aites ,  Enum . PI. Zeyloniae. 148 
(1859); J. D. H ooker,  FI. British India 3: 171 (1880) 
(in part); H. T rim en, H and-B ook FI. Ceylon 2: 362 
(1894).

A rbor parva vel frutex ad 3 m altus, ramosissimus, 
caulibus junioribus saepe flavovirentibus, stipulis 
irregularibus ovatis-deltatis, acuminatis, laminis 
foliorum nervis lateralibus 5-10 paribus nervis 
tertiariis in paginis inferioribus plerumque conspicuis, 
ramis inflorescentiarum divaricatis bracteis parvulis 
subtentis et apicem versus floribus pedicellatis in 
cymulis dispositis, calyce glabro 2-2.5 mm longo 
apicem versus valde dilatato latior quam corolla, 
corolla 5-6  mm longa, fructu obovoideo-ellipsoideo 
9-12 mm longo, pyrenis 2-sulcatis endosperm io non 
ruminato. A Psychotria bisulcata  W. & A. inflores
centia ramis divaricatis stipulis acutis non acuminatis 
nervis tertiariis foliorum plerumque conspicuis dis- 
tinguenda.

Type: N u w ara  Eliya Dist.: M oray T ea  Estate trail to 
A d am ’s Peak, M askeliya, Sohm er & Sumithraarachchi 
9902 (US holotypus! BISH, F, G H ,  K, M O , N Y , P, 
PDA, U W L , W isotypi!) .

Shrubby  tree to 3 m, diffusely b ranched ,  with 
ovate-deltoid,  glabrous,  caducous  stipules to 12 
mm long, leaving a laciniate scar  after abscis 
sion. L eaves  with pet ioles 0.1-1.5 cm long and

with obovate ,  ob lanceola te  or  elliptic, cor ia
ceous blades 0.8 x  2.9 to 4.5 x  12 cm wide and 
long, acute to obtuse at base ,  ob tuse  or acute 
at apex ,  often with a m u c ro n a te  tip or  long 
acuminate one,  frequently with  pits in the axils 
o f  the 5-9 pairs of  lateral ve ins  and with tert iary 
veins often relatively consp icuous  below. In flo 
rescence  with one  main axis 2 .4-6  cm long with 
divaricate,  oppos ite  b ranching  which begins,  
usually,  1/2 to  3/4 of  the way  f rom the base,  the 
b ranches  subtended by small bracts  and usually 
te rminated by cym ose  clus te rs  o f  f lowers. Calyx  
glabrous 2-2.5 mm long, abrupt ly  dilated 
tow ards  the apex,  and m u c h  wider  than the 
base o f  the corolla tube ,  with  small t riangular 
lobes.  Corolla  white 5-6  m m  long, with tube 
slightly dilated terminally,  and  bearded at th roat  
and with ovate lobes about  equa l  to the tube.  
S ta m en s  exser ted  at an thes is  and  stigmas in
cluded.  Fruit obovoid-el l ipsoid,  black,  9-11 mm 
long and 4-6 mm wide at maturi ty ,  capped  by 
persistent  and frequent ly very  p rominent  calyx,  
with pyrenes  with 2 deep  sulci on back and 
endosperm not ruminate.  T h e  type spec im en is 
shown in Fig.  2.

Distribution and  ecology:  V e ry  c om m on  and 
widespread in the wet  fo res ts  o f  the Central  
Highlands above  about  1500 m.  Flower ing  c o m 
mences  about  M arch-A pr i l  and  often c o n 
t inues until D e c e m b e r - J a n u a ry ,  and  individuals 
in f lower and fruit can  f requent ly be seen 
during the last mon ths  of  the year.  Endemic  
to Sri Lanka.
R ep resen ta t ive  sp ec im en s:  N u w a ra  Eliya D ist.:  Pidu- 
rutalagala, C ram er & T irvengadum  3896 (US); 
A d a m ’s Peak Trail from M oray T e a  Esta te ,  M askeliya, 
Sohm er & Sumithraarachchi 9963 (PDA, U S ,  U W L); 
D iy ag am aT ea  E state  road to H orton  Plains, Sohm er & 
Sumithraarachchi 9984 (BISH, F ,  G H ,  K, M O, N Y , 
P, PDA, U S , U W L ), 9990 (M O, NY, PD A , U S , 
U W L); slopes above Hakgala Botanic G arden ,  
Hoogland 11494 (PDA, US), S o h m er  & Sum ith ra
arachchi 10076 (BISH, F , G H ,  K, M O , NY, P, PDA, 
U S , U W L ); To tupo la ,  W orthington 1734 (PDA); 
H orton  Plains n ea r  F a r r  Inn, C . F. & R. J. van 
Beusekom 1496 (PDA, US), C o m a n o r  961 (PDA, 
US); H orton  Plains near Big W o rld ’s End, Sohm er & 
Sumithraarachchi 10041 (BISH, F , G H ,  G O E T ,  K, 
M O, NY, P, PD A, U S, U W L , W). -  Badulla Dist.: 
N am unukula ,  T irvengadum , C ram er ,  W aas, & 
B andaranayake 592 (US).

This  species differs in several  respec ts  from 
the one which  Wight  and A rn o t t  (1. c.) described 
from the Nilgiri Highlands  o f  Southern  India  and
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Fig. 2. Psychotria zeylanica  S ohm er (holotype, US).
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which name was  used for this taxon in Sri L anka  
up to  the presen t .  T h e  inflorescence o f  P. 
zeylanica  a lways  has opposite ,  not verticil late 
branching,  and the first branching node  usually 
occurs  at least  hal f  way from the base or  more .  
In many ins tances ,  the first branching node  will 
be 3/4 to 4/5 f rom the base (Fig. 2). The  
stipules are del toid ova te and acute,  whereas  
in P. bisulcata  Wight  & Arnott  the stipules are 
ovate with long acuminate ,  almost  ar is ta te tips. 
T h e  leaves more  often than not in P. zeylanica  
have  the ter t iary veins conspicuous  below,  
and the f lowers and fruits are larger. T h e  fruit 
is usually conspicuous ly  capped by the p e r 
sistent  calyx tube.

Psychotria waasii S ohm er  nom. nov.

P sycho tr ia  b isu lca ta  var. ß  T hw aites,  Enum . PI. 
Zeyloniae 148 (1859).

Psych o tr ia  f i l ipes  H o o k e r  f., FI. British India 3: 
170 (1880), non A. G ray ,  Proc. Amer. Acad. 4: 46 
(1850); H. T rim en, Hand-book FI. Ceylon 2: 361 
(1894). -  Type:  G ard n er  4508 (K lectotype!).

A new specific name is required for  this ta xon  
which was first noted by T hw ai te s ,  who ,  h o w 
ever ,  did not  name it. The  name given to it by 
J.  D.  H ooker ,  who provided a concise identi

fication a t  the same t ime,  is a later homonym. 
T h e  specific epithet  f i l ipes  had already been 
used by A s a  G r a y  for  a species of  Psychotria  
f rom Fiji. T h e  new nam e  is given in honor  of  M r  
Shelton W aas ,  an o th e r  botanical  assistant  o f  the 
F lo ra  o f  Cey lon  Pro ject  who has given me 
grea t  aid dur ing my field work in Sri Lanka.

Psychotria fosbergii S ohm er  nom. nov.

P sych o tr ia  e lo n g a ta  (Wight) H o o k er  f., FI. British 
India 3: 163 (1880), non Bentham ex Örsted, Kjoeb. 
Vidensk. M eddel. 32 (1852); H. T rim en, H and-Book 
FI. Ceylon 2: 359 (1894). -  Grumilea e longata  Wight, 
leones  PI. Indiae O rien t.  3:t. 1036 (1845). -  Type  
(herein designated): t. 1036 in Wight, leones PI. Indiae 
O rient,  part III (1845), lectotype.

T h e  nam e  P sycho tr ia  elongata  (Wight) H ooke r  
f. is a later  ho m o n y m .  The  new name honors  
D r  F.  R. Fosberg .
A c k n o w le d g e m e n ts .  1 thank Drs F. R. Fosberg , 
L ym an  Smith and P. S. Green for reviewing the 
m anuscrip t  and offering suggestions, and D r  D. 
N icolson  for aid in several points concerning Latin 
term inology. A  Sm ithsonian  Institution Postdoctoral 
R esearch  Fellow ship  presented  me with the o pportu 
nity to do this w ork  concom itant with a leave-of- 
absence g ran ted  by the University of Wisconsin-La 
C rosse  with financial support. The Flora of Ceylon 
Pro ject made field work in Sri Lanka possible.
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The genus Dipsacus in tropical Africa
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Field and herbarium  studies dem onstra te  that all high-level material o f  Dipsacus  L. 
(Dipsacaceae) in Ethiopia and East Africa forms one ±  continuous variation range, 
which displays striking ecoclinal variation in height and branching, and includes the 
type material not only of D. pinnatifidus  Steud. ex A. Rich., D. appendiculatus  Steud. 
ex A. Rich., D. bequaertii  D e Wild., D. kigesiensis  G ood , and D. eremocephalus  Pichi 
Sermolli but also o f  D. acaulis  (Steud. ex A. Rich.) N a p p e r  (Simenia acaulis (Steud. 
ex A. Rich.) Szabo). T he Asiatic D. inermis Wall, ex Roxb. falls in most respects within 
the same variation range, but pending a generic revision we refrain from further 
nomenclatural changes.

Inga H edberg and  Olov Hedberg, Institute o f  Sys tem atic  Botany, University o f  Uppsala, 
P. O. Box 541, S-751 21 Uppsala 1, Sweden.

In the  course of  the revision of  the genus 
D ipsacus  L. for  the ” Afroalpine Vascu lar  
P la n t s ”  (Hedberg  1957) D. p inna tifidus  Steud.  
ex A. Rich, was found to be so variable in leaf 
shape ,  size of  f lower heads ,  length of  involucral 
brac ts  and length o f  receptacle scales that four 
o the r  taxa  (D. p innatifidus  var.  integrifolius  
Engl . ,  D. appendicula tus  Steud. ex  A. Rich.,  
D. bequaertii  D e  Wild, and D. kigesiensis  Good)  
were reduced to synonymy.  W hen  in 1973 the 
sen ior  au thor  had the opportuni ty to visit the 
two highest  mountain areas in Ethiopia ,  the 
High Simien and Bale Mts,  he paid special 
a t tent ion to this genus as well as to the enigmatic 
genus  Sim enia ,  described from the Simien 
mountains .  I ts  only species was  first described 
as Cephalaria acaulis  (Richard 1847-1848 p. 
368), then p romoted  by Szabo (1940 p. 404) 
to an independent  genus, and transfer red  again 
by N a p p e r  (1968 p. 470) to a species o f  Dipsacus  
conspecif ic  with the later  described  D. erem oce
phalus  Pichi Sermolli.  T h e  field studies in this 
a rea  gave the impression that the shor t- s temmed 
and sparsely branched spec imens earlier  re 
ferred  to Sim enia  only represent  one end of  a ±  
cont inuous  variation range (Fig. 1; cf. H edberg

1975). In Bale Mts  the variation is even wider,  
specimens  from above  4100 m altitude being 
almost  acaulescent  (Fig. 1C). In o rder  to clarify 
the taxonomic  position o f  D ipsacus acaulis  
(Steud.  ex A. Rich.) N a p p e r  a detailed m orpho
logical s tudy was made on a representat ive 
herbarium material from Ethiopia.  M easu re 
ments and diagram construct ion  were made in 
collaborat ion with R. Svensson  and M. Wigren.

M ateria l and m ethods

Apart from field observations by O. Hedberg this 
revision is based on herbarium  material from BM, K, 
LE, P, S and U PS (abbreviations according to H olm 
gren & Keuken 1974). All adequately labelled 
Ethiopian material available was m easured, com 
prising 28 collections. T h e  main distinctive char
acters used within this group by earlier authors 
(Richard 1847-1848 p. 367, De Wildeman 1921-1922 
p. 555, G ood  in G ood , B aker & N orm an  1924 p. 334, 
Szabo 1940 p. 404, and Pichi Sermolli 1951 p. 223) 
concern the height and branching o f  the stem, leaf 
shape and pubescence , size of  flower heads, length 
of involucral bracts , length of receptacle scales, and 
occurrence o f  prickles on the stem. M ost of these 
characters  have been shown to display ra ther con 
tinuous variation in E ast African materia! (Hedberg 
1957 p. 322). T he  p resen t study was therefore
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Fig. 1. Dipsacus pinnatifidus.  -  A: Bale M ts, Bale N ational Park , near the H eadquarte rs ,  3200 m, in open 
H ypericum  woodland. Height of specimen c. 1.5 m. -  B: Bale M ts. near G a rb a  G u rach a  C am p. 3950 m. 
Height o f  specimen c. 0.4 m. -  C: Bale M ts, Mt Batu, 4150 m. D iam ete r of rosette  c. 13 cm. -  A -C : Pho to  O. 
H edberg XI. 1973.

concentrated  on those features which appeared most 
promising, viz. plant height, length of receptacle 
scales, occurrence of pinnatipartite leaves, and 
occurrence of prickles on the stem. T he plant height 
was measured along the longest shoot of  each 
collection o r  taken from statements on the labels. 
The figure for length of the receptacle scales rep re 
sents the mean of three m easurem ents  from each 
collection (in order to avoid dissection o f  too many 
capitula only the dark-coloured terminal portion was 
measured, cf. Fig. 5). T he occurrence o f  pinnatipartite 
leaves and stem prickles was assessed according 
to scales with three degrees (cf. Fig. 4). T he  results are 
given in the diagrams in Figs. 2-4.

R esu lts and d iscussion

T he  length of  the stem displays very wide 
variation in this material (Figs. 2, 4), ranging 
from 300 to 1.5 cm (or even  0.5 cm in one

specimen  of  H edberg  5592). Fig. 2 dem ons t ra tes  
negative correlat ion be tween  plant  height and 
al t itude,  suggesting that this cha rac te r  is s trongly 
influenced by env i ronm enta l  condit ions.  The  
plant  height there fore seems useless for  t axo
nomic separat ion within this group.  Similar  
clinal variation in stem length has been d e m o n 
s tra ted,  e .g . ,  in C onyza  subs capos a O.  Hoffm.  
(Hedberg  1957 p. 336).

Also the size and shape o f  the terminal 
port ion of  the receptacle  scales show a wide 
variat ion in the material s tudied,  from very 
short  and  obtuse  to long and  acum inate  (Figs. 
3, 5). In this feature  as well the variat ion is far 
too continuous  to suppor t  taxonom ic  segregation 
(cf. H ed b e rg  1957 p. 332 for material from T ro p i 
cal E as t  Africa).
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Fig. 2. D ipsacus p innatifidus.  Relation between 
altitude (horizontal axis, m), and specimen height 
(vertical axis, cm) in the herbarium material inves
tigated.

T h e  posi tive correlat ion between receptacle 
scale length and plant  height dem onst ra ted  in 
Fig. 4 is to be expec ted ,  s ince taller and more 
vigorous spec im ens  are likely to have larger 
f lowers and inf lorescences,  but there is no 
distinct correlat ion be tween  receptacle scale 
length and al t itude (Fig. 3).

Lea f  shape turns  out  to be a very  variable 
feature.  Specimens  with entire leaves and 
those  with pinnatipart i te  leaves often occur  in 
the same popula t ion,  as in the type collect ion of  
D ipsacus p inna tifidus,  and there is no absolute 
co incidence  be tw een  the occurrence  of  entire 
leaves and the variat ion in the o ther  character s  
s tudied (Fig. 4). A lso  in material from Tropical  
Eas t  Africa leaf  shape  was found useless for 
t axonomic  subdivision o f  this group (Hedberg  
1957 p. 332). O n  the o ther  hand,  the frequency 
of  specimens with ent ire leaves seems to differ 
in different populat ions  -  they  appea r  to be less 
com m on in Bale M ts  than  in the Simien.

T he  occur rence  o f  prickles on the stem,

Fig. 3. Dipsacus p in n a tif id u s . Relation between 
altitude (horizontal axis, m), and length of the terminal 
portion o f  the receptacle  scales (vertical axis, mm) 
in the herbarium material investigated.

finally, was  also found  of  little taxonomic  use 
in this group.  Prickly stems were  found only in 
spec imens  taller  than  40 cm,  and not  above  
3650 m al titude.  But  prickly and unarmed 
spec imens often occur  toge ther  in the same 
area ,  and this feature  varies independently  of  
leaf  shape and length of  receptac le  scales 
(Fig. 4).

Accord ing  to Szabo  (1940) his new genus 
S im enia  differs from D ipsacus  and  Cephalaria  
in fruit ana tom y,  having a larger  num ber  of  
“ s te reome s t r ands” . Invest igat ion  of  sect ions of  
fruits from a larger  material (Sch imper  563, 
H edberg  & A w eke  5350, 5397, Thulin 1470, 
H edbe rg  5539, 5592) revea led  no anatomical  
difference be tween  S ch im per  563 (the type 
collect ion of  S im en ia  acaulis  (Steud.  ex A. 
Rich.)  Szabo) and the o ther  material ,  however .  
T h e  sc lerenchymat ic  s trands  evidently  become 
more  distinct when the fruit r ipens, and 
presumably  the samples  studied by  Szabo  were 
not  o f  comparab le  ages.

Obvious ly none  o f  the p resum ed  dist inct ive 
charac te rs  does  in fact suppor t  taxonomic  
subdivision within the material studied.  All 
the spec imens  invest igated must  therefore be 
g rouped in one species,  the cor rec t  name of
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Fig. 4. D ipsacus p inna tif idus . C orre la ted  variation in receptacle  scale length (horizontal axis, mm), specimen 
height (vertical axis, cm, logarithmic scale), leaf dissection and occurrence of prickles on the stem. -  a denotes 
sheets from the type collection of Sim enia  acaulis,  b denotes  the type collection of D ipsacus erem ocephalus.

which is D ipsacus pinnatifidus  S teud.  ex A. 
Rich. T h e  o ther  taxa  described on this material,  
including D ipsacus (S im enia) acaulis  and D. 
erem ocepha lus  must  be reduced to synonymy.

As long as only Afr ican material is cons idered 
the si tuat ion now appears  satisfactory.  But when

also Asiat ic  material is cons idered  matters  
becom e more  complica ted .  T h e  Himalayan  
species  D ipsacus inermis  Wall,  ex Roxb.  falls 
in mos t  respects  within the same variation range 
as the African plant,  and it could easily be 
just if ied to lump the two, in which case the 
African  material should be called D. inermis.
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Fig. 5. D ipsacus pinnatifidus.  R epresenta tive  receptacle  scales from 15 collections. A Schim per 563, B Thulin 
1470, C H edberg  & A w eke 5397, D  H edberg  5592, E H edberg  5539, F  H edberg  & A w eke 5350, G  H edberg  
71 (Kenya, Elgon, 3700 m, U PS), H  Lye & L este r  998 (U ganda, near Kashengi, 2300 m, UPS), I Fries  & Fries 
745 (Kenya, M t K enya, 2350 m, U PS), J Fries  & Fries 2755 (K enya, M t A berdare ,  3000 m, U PS), K  Fries  & 
Fries 1339 (K enya, M t K enya, 3000 m, U PS), L H edberg  1027 (K enya, M t Elgon, 2700 m, UPS), M Fries & Fries 
2778 (K enya, A berdare ,  3000 m, U PS), N  H edberg  4187, O  H edberg  5592. -  All x 2 .

T h e  same chrom osom e  num ber  (2n =  18) has 
been counted  in both (H edberg  & H edberg  
1977, Bolkhovskikh et al. 1969). But the 
taxonomic  interrelat ions be tw een  D ipsacus  
inermis, D. m itis  D.  D on ,  D. asper  Wall,  ex 
D C . ,  D. ja p o n icu s  Miq. ,  D. p ilosus  L.  and 
D. strigosus  Willd. are far from satisfactorily 
known,  and pending a ta xonomic  revision o f  the 
genus we have therefore refrained f rom further  
nomenclatural  changes  for the Afr ican  plant.

T he  type  of  variation displayed by D ipsacus  
pinnatifidus  is o f  considerable  in teres t  from an 
evolutionary  point  o f  view. Firs t ly ,  this species 
provides an uncom monly  beautiful example  o f  
an ecocline,  showing progressive adapta t ion  to 
the increasingly severe envi ronmenta l  cond i 
tions tow ards  higher al t i tudes (cf. H edberg  
1964 pp.  73, 87, Figs. 71-75; 1973 p. 79 and 
PI. V; 1975). T h e  adap t ive nature  o f  this 
reduced height was  suggested by M o o n e y  on 
the label o f  collect ions 843 a, b: “ herb dwarfed 
by its en v i ro n m e n t” . Secondly,  w hereas  the 
species occurs  in mountain a reas  th roughout  
East  Tropical  Africa and Ethiop ia  it has only 
become thoroughly  adapted  to afroalpine c o n 
ditions in Ethiopia,  particularly in Bale Mts.

In Tropica l  Eas t  Afr ica it has been  recorded  
from the afroalpine bel t only on Elgon (where 
it a scends  to 3950 m, H edberg  1957 p. 183). 
Th i rd ly ,  as em phas ized  above ,  different m o u n 
tain popula t ions  evidently  differ not  only in the 
ex ten t  of  adapta t ion  to high level condit ions  
but  also,  e .g. ,  in f requency  o f  specimens  with 
pinnatif id leaves and  prickly stem, etc. Fu r the r  
de tai led invest igat ions of  this species including 
popula t ion studies,  cont rol led  hybridizat ions 
and com para t ive  cult ivat ion would certainly 
be worth  while.

Equally rewarding  might be a detailed study 
o f  the E u ropea n  and  Asia t ic  taxa mentioned  
above .  In this s tudy should also be included 
D. cephalarioides  M at thew s  & Kupicha,  
recently  described from T u rk e y  (Chamberla in 
et al. 1972 p. 327). T h e  interspecific differences 
be tw ee n  at least some o f  these  taxa  depend  on 
cha rac te r s  which in Afr ican  material display 
con t inuous  variation.  It might there fore be 
eas ie r  to distinguish be tween  the Euras ian  taxa 
themse lves  than to keep  them separate from
D. p in n a t i f id u s .
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Synopsis

Dipsacus pinnatifidus Steud. ex A. Rich.

A. Rich., T en t .  Fl. A byss. 1 p. 367 (1848). -  Orig, 
coll.: Ethiopia, Simien, Mt A ber .,  Schim per II: 665 
(K, P lectotype, S).

D. p innatifidus  var. integrifolius Engl. Bot. Jahrb. 
19 Beibl. 47 p. 49 (1894). -  Orig. coll.: Tanganyika, 
Kilimanjaro, Volkens 862, 967 (BM isosyntypes), 
1550 (E, L E  isosyntype).

D. appendiculatus  Steud. ex A. Rich. 1. c. -  Orig. 
coll.: E thiopia , Simien, Mt Aber. Schim per II: 865 
(K, P holotype).

D. bequaertii  De Wild. PI. Bequaert.  1 p. 554 
(1922). -  Orig. coll.: Belg. Congo. Ruwenzori, Lanuri 
Valley, 3000 m, Bequaert 4655 (BR holotype).

D. kigesiensis  G o o d ,  Journ. Bot. (Lond.) 62 p. 334 
(1924). -  Orig. coll.: U ganda, Kigezi, Behungi, 
G odm an 189 (BM holotype).

D. erem ocephalus  Pichi Sermolli, M issione Stud. 
Lago T ana ,  7 (1) p. 223 (1951). -  Orig. coll.: Ethiopia, 
Simien, N E  slope of Mt Buahit, 4300 m, Pichi 
Sermolli 2619 (FI holotype, K photograph).

Cephalaria acaulis  Steud. ex A. Rich. T en t.  FI. 
Abyss. 1 p. 368 (1848). -  Simenia  acaulis  (Steud. 
ex A. Rich.) Szabo, M atem at. T erm esze ttud .  Ertes. 
59 p. 404 (1940). -  Dipsacus acaulis  (Steud. ex A. 
Rich.) N apper ,  K ew  Bull. 21 (2) p. 470 (1968). -  Orig. 
coll.: E thiopia , Simien, M t Buahit, Schim per 563 
(K, P holotype, UPS).

Collections measured

AH collections from Ethiopia.

Beghem der:  M t Bachit, Schimper 563 (K  four sheets, 
U PS  two sheets) -  Mt Buahit, 4300 m, Pichi Sermolli 
2619 (K photograph) -  G eech , 3600 m, H edberg  & 
Aw eke 5350 (UPS); 3700 m, H edberg  & Aweke 
5397 (UPS) -  Lori, 3500 m, Scott 272 (K) -  M eda, 
2900 m, M ooney 6172 (K).

Tig re v. Beghem der:  Schimper 1436 (K).
Godjam: C hoké Mts, 2750 m, E vans 354 (K); 

3050 m, Evans & Hiller 90 (K); 3050 m, Evans & 
Lythgoe 11 (K); 3050 m, Leakey 109 (K); 3650 m, 
Flenley & Leakey  615 (K).

Shoa:  34 km W of A m bo, 2490 m, M eyer  7671 (K). 
Harar: K ondudo M ts, 2600 m, Burger 1224 (K) -  

G a ra  M ulatta ,  2900 m, Burger 2358 (K).
Kaffa:  Y asuke la  near A bera, 2000 m, M ooney 

8702 (K) -  D ekano , 2620 m, M ooney 8278 (K).

Arussi:  G o b e ,  2700 m, Thulin  1470 (UPS) -  Mt 
Chillalo, 2750 m, M ooney 5171 (K); above  2750 m, 
M ooney  5163 (K) -  M t G alam a, 2750 m, Hedberg  
4187 (K).

Bale:  A ngasu ,  3500 m, M ooney 8305 (K) -  above 
Rira, 4000 m, M ooney 8343 a (K), 8343 b (K) -  
G a rb a  G u rach a ,  3950 m, H edberg  5539 (UPS) -  Mt 
Batu , 4150 m, H edberg  5592 (UPS).

G am u-G ofa:  M tT o la ,  4150 m (?), M ulvany  29 (K).
Sidam o:  A gherem ariam, 2200 m ,G il le t t  14703 (K).
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Equisetites fylensis sp. nov. in the Middle Jurassic flora of 
Eriksdal, Fyledalen, Southern Sweden
Hans Tralau

Tralau , H. 1977 01 28: Equisetites fylensis sp. nov. in the Middle Ju rass ic  flora o f  Eriksdal, 
Fyledalen, Southern  Sw eden. Bot. N o tiser  129: 391-394. Stockholm. ISSN 0006-8195.

Equisetites fy lens is  sp. nov. is described from layer N o . 36 of the  Bajocian-Bathonian 
beds at Eriksdal in southern  Sweden. C om parison has been made with about 100 fossil 
species o f Equisetites ,  five of which are briefly discussed.

H ans Tralau, The Swedish  M useum  o f  Natural History, Section o f  Palaeobotany,  
S-104 05 S tockho lm , Sw eden .

T h e  Middle Jurassic macrof lora  o f  the section 
exposed  in the gravel pit a t  Eriksdal  in the 
val ley o f  the r iver  Fylan,  Scania,  was  descr ibed 
by Tra lau  in 1966. In 1968 Tralau  also described 
the microf lora o f  these Bajocian-Bathonian  
beds. Since those days the au thor  has repeatedly 
collected fossils at this locality,  and  a cons ider 
able collect ion of  fossil plants has been ac c u m u 
lated. Inevitably,  ten years  of  collect ing resulted 
in several  new,  wel l-preserved spec im ens  some 
o f  which deserve  to be descr ibed.  This  publi
cat ion is in tended to be the first in a series of  
descrip t ions and redescript ions o f  fossi ls from 
the f lora o f  Eriksdal  aiming at  a fuller under
standing of  the vegetat ion in sou th  Sweden  
during Dogger  time.  T h e  Equise tites  spec imens  
described as a new species in the present  
publicat ion were collected in layer N o .  36 in 
the gravel pit at Eriksdal .  Refe rence  is made 
to Tralau  1966 (Figs. 1-2) and 1968 (Figs. 1-2) 
for maps  o f  locat ion and detailed descr ipt ions  
o f  the Bajocian-Bathonian sequence  o f  s trata at 
this locality. L aye r  N o .  36 cons is ts  o f  a sandy 
and silty clay immediately over lying a coal 
seam (Layer  N o .  37) and conta ins  an abundance  
o f  m acroscop ic  plant fragments.

Specimens  of  Equise tites  fy le n s is  sp. nov.  
were encoun te red  earlier  by Ni ls son  (see Tralau 
1968, pi. X X IV ,  fig. 1) in an unidentif iable 
place at Eriksdal ,  mentioned  as “ the inner part 
o f  the tu n n e l” (no longer accessib le) .  This

material was provisionally referred to E qu ise tum  
(Equise tites) laterale. C loser  examinat ion,  how 
ever,  p roved  this species dist inct from E qu ise ti
tes lateralis, a l though,  admittedly,  th e re  is a 
close resemblance  be tween  the two.  A n o th e r  
species o f  Equisetites ,  i .e. ,  the one descr ibed 
by Möl ler  & Halle (1913) as E quise tites  mo-  
bergii, “ one of  the most  characteri s t ic  plants 
at K ur rem öl la”  is probably  also from the  Er iks
dal area ,  i.e. ,  f rom the gravel pit under  c o n 
siderat ion. Unfor tuna te ly  we do not  know 
exactly where their specimens  were col lected,  
at least not  in relation to  the p resent-day  
quarry,  which did not exist during those  days.  
This  species is quite  distinct from the  one 
about  to be descr ibed,  and spec im ens  of
E. m obergii  have never  been found again within 
the area  of  the fossil f lora of  Eriksdal .

T h e  genus Equise tites  is known s ince the 
Permian  and seems to have been  most  abundan t  
with regard to num ber  o f  species during Tr iass ic  
and Jurassic  t imes. At present  there are at least 
100 recognized species (Boureau  1964, V a k h r a 
meev 1964, V akh ram e ev ,  Dobrusk ina ,  Zaklin-  
skaya & M eyen  1970).

Equisetites fylensis Tralau  sp. nov.  -  Fig. 1

Type specim en:  Swedish M useum  of N atural H is tory , 
Section o f  Palaeobotany , S-104 05 Stockholm (Fig.
1 A).
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Fig. 1. Equisetites fylensis Tralau sp. nov.
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Aerial  s tem slender ,  unbranched,  normally 4-5 
mm wide at node;  nodes slightly swollen; 
b ranches  have  not been observed  in the nodal 
region o f  the aerial shoot; internode normally 
14—20 mm long,  t ransversed  by ±  6 f lat tened 
ribs on the visible side (consequently about  12 
ribs all a round  the stem); leaf  sheath 5-10 mm 
long, forming a cup-like structure emerging into 
12 acute  leaf  teeth in most  cases;  free leaf  
teeth straight and (3?)—6 mm long; rhizome 
unknown.

Al though there  are numerous  Jurassic E quise
tites  species from all parts o f  the world known 
at p resent ,  no  species is identical with the one 
descr ibed above .  H ow ever ,  some o f  the fossil 
species are close to the present  one.  E quise
tites lateralis, described by Phillips (1829) 
from the Y orksh i re  Jurassic  as E qu ise tum  
laterale  is one  of  the closest  related species.  
Equise tites  lateralis  is distr ibuted over vast 
geographic areas,  ranging from China  in the 
East  (Sze 1931, 1933; Tei lhard  de Chardin  & 
Fritel 1925) to Romania (Semaka 1956), and to 
the Precaspian  area  (Baranova,  Kirichkova  & 
Sauer  1975), as well as England in the Wes t  
o f  the Euras ian  continent.  H ow ever ,  E quise
tites lateralis  differs distinctly from E. fy lens is  
by having a somew hat  wider s tem and at least 
twice the num ber  of  leaf  teeth.  E. elegans  
described by Vladimirovich (1960) is similar to 
the presen t  species, al though the name is 
invalid, as Kräusel  (1959) has previously 
described a certain E. elegans  f rom the K euper  
o f  Switzerland.  E. elegans  sensu Vladimirovich 
was also mentioned  by Baranova ,  Burakova & 
Bekasova  (1963) in the Jurassic flora of  T u r k m e 
nia and it was renamed as E. turgaicus  by 
Kirichkova in Baranova,  Kirichkova & Sauer  
(1975). This  species is close to the present  
species with regard to size, but it differs 
distinctly in the num ber  and shape o f  the leaf  
teeth.  A n o th e r  closely related species is E. 
endoi, descr ibed by K o n ’no (1962) from the 
Bajocian-Bathonian o f  Japan .  With  regard to leaf  
sheath and leaf  teeth morphology,  this species 
is without  doubt  the most  closely related of  
all E quisetites  known at present .  H owever ,  
the length of  the internodes is so distinctly 
different in the two species under  considerat ion  
that I do not hesitate to refer  the present  
material to a species of  its own. In the Eriksdal

material  no rh izomes have been found,  nor could 
any ep idermal remains be obta ined .  The  matrix 
is relat ively coarse ,  which might well be the 
reason why organic matter  is so badly preserved 
in the specimens  invest igated.  As specimens 
referable to this species have been found 
earl ier ,  as ment ioned above ,  be t te r  preserved 
material may turn up on later  occasions,  thus 
giving us a more  complete pic ture of  the presen t  
species.  As a rule, fossil remains o f  Equisetites  
tend to be f ragmentary  and  it is virtually 
impossible to obtain a complete picture of  the 
whole plant,  let alone the variabili ty of  the 
populat ion .

References

Baranova, S. E ., Burakova, A . T . &  Bekasova, N . B. 
1963: S tratigrafiya, lito log iya  i flo ra  ju rsk ikh  otlo- 
shenij Tuarkyra . V SE G E l nov. ser. 88.

-  K ir ich ko va , A . I. &  Sauer, V . V . 1975: S tratigrafiya 
i flo ra  ju rsk ikh  otloshenij vostoka Prikaspiskoj 
vpad in ij. V N IG R I Trudy 332.

Boureau, E. 1964: Traité de paléobotanique, III. 
Sphenophy ta ,  N oeggerath iophyta .  Paris.

K on 'no , E. 1962: Some species o f Neocalam ites and 
Equisetites in Japan and Korea. Sei. Rep. Tohoku  
Univ., Ser. 2, Geol. Spec . Vol. 5: 21-47.

K räusel, R. 1959: D ie  Keuperflo ra von Neuew elt 
bei Basel 111. Equisetaceen. M em . Suiss. Paleont.  
77: 1-19.

M ö lle r, H . &  H alle , T . G . 1913: The fossil flo ra  o f 
the coal-bearing deposits o f south-eastern Scania. 
A rk .  Bot. 13 (7).

Phillips, J. 1829: Illustrations o f  the geology o f  
Yorkshire: or, a description o f  the strata and  
organic remains o f  the Yorkshire coast.  Y ork .

Semaka, A . 1956: C on tribu tii a la flo ra  liasica de la 
Vulcan-Codlea. A ca d .  Rep. Popul. R om .,  Bui. 
Sti., Sec t.  Sti. Geol. Geogr. I: 1-2, 107-121.

Sze, H . C . 1931: Beiträge zur Liassischen F lora von 
China. M em . N a t.  Res. Inst. Geol. N anking  12: 
1-85.

-  1933: M esozoic plants from  Kansu. M em . N at.  
Res. Inst. Geol. N ank ing  13: 65-76.

Te ilhard  de C hard in , O. &  F rite l, P. H . 1925: Note 
sur quelques grés Mésozoiques å plantes de la 
Chine septentrionale. Bull. Soc. Géol. France 4: 25: 
523-540.

T ra lau, H . 1966: Botanical investigations in the fossil 
flo ra  o f Eriksdal in Fyledalen, Scania. Sv. Geol. 
U n d ers . Ser. C 611, Å rsb. 60 (6).

-  1968: Botanical investigations in the fossil flo ra  
o f E riksdal in Fyledalen, Scania. Sv. Geol. Unders. 
Ser. C  633, Å rsb. 62 (4).

Vakhram eev, V . A . 1964: Jurassic and early C re
taceous floras o f Eurasia and the palaeofloristic 
provinces o f this period. Acad. Sei. U S S R , Geol. 
Inst. 102.

-  D obruskina, I. A .,  Zaklinskaya, E. D. &  M eyen,



394 H a n s  Tralau BOT. N O T ISE R  129 (1976)

S. V. 1970: Palaeozoic  and M esozoic floras of 
Eurasia  and phytogeography of this time. Acad .  
Sei. U S S R ,  Geol. Inst .  208.

Vladimirovich, V. P. 1960: N ovyj vid liasovogo 
khvoshcha  severo-zapadnogo K azakhstana i Sibiri. 
In N o vye  vidy dvernikh rastenij bespozvonochnykh  
S S S R .  M o skva :  32-34.



Structure and function of trichomes in Spartocytisus filipes
Ole B. Lyshede

Lyshede ,  O . B. 1977 01 28: Structure and function of trichomes in Spartocytisus  filipes. 
Bot. N o t ise r  129: 395-404. S tockholm. ISSN 0006-8195.

The T -shaped  trichom es of the stem of Spartocytisus fi lipes  W ebb & Berth, are tri- 
cellular. T h e  s truc tu re  and fine s tructure o f  the hairs are described and d iscussed in 
relation to  experim ents  o f  w ater  absorption. T he  results clearly indicate tha t  absorption 
takes place. T he  role of the trichom es is briefly discussed in relation to  the ecology of the 
plant.

Ole B. L yshede ,  D epartm en t  o f  Plant Physiology and A n a to m y,  R o ya l  Veterinary and  
Agricultural University, DK-1871 Copenhagen V, D enm ark.

Plants  often have hairs with anatomica l  features 
fitting th em  for w ate r  absorp tion .  Th in  walls 
or  pores  in the basal cells,  of ten intruding deep 
into the  under lying t issue,  are characteri s t ic  
o f  the se  hairs .  Volkens  (1887) described  several  
such  hairs  and dem ons t ra ted  their  ability to 
absorb  w a te r  in desert  plants  from N o r th  Africa.  
Mar lo th  (1910, 1926) obse rved  similar  features  
in vSouth African xerophytes .  T he  wate r-ab
sorbing tr ichomes of  the Bromeliaceae  (Haber-  
landt 1924) are another  well -known example.  
O th e r  results  are sum m ar ized  by U p h o f  (1962) 
toge ther  with a review o f  li terature.

T r ichom es  on the ass imilat ing s tems of  
Spar tocy t isu s  fi lipes  W ebb  & Berth.  (Faba- 
ceae)  probab ly  absorb  water .  T h e  development 
and  s t ruc tu re  of  these tr i chomes  are described 
and exper iments  concern ing  w a te r  absorption 
are presen ted .

Material and methods

FAA-fixed stems of Spartocytisus  fil ipes  from the 
Canary  Is lands and fresh stem s from  plants in the 
Botanical G arden  of C openhagen  were used.

Cross and longitudinal sections w ere  cut on a 
cryosta t m icrotom e (8-12 p)  and stained with saf- 
ranin fast green, J o h a n se n ’s quadrup le  stain (Jo
hansen 1940), or sudan IV. H istochem ica l reactions 
were carried out with ru thenium  red and hydroxyl- 
amine-ferric chloride.

F o r  electron m icroscopy small pieces o f  fresh  stems 
were fixed in 3 % glutara ldehyde and postfixed in 
2 %  O s 0 4, both in 0.1 M K H 2P 0 4 buffer, p H  6.8. 
A fte r  embedding in EPO N  812 (Juniper e t al. 1970) 
sections were cut with glass knives on a  LKB 
ultrotome type 4801A, stained in uranyl ace ta te  fol
lowed by lead citrate and exam ined in a J E O L  JE M  
T7 electron microscope.

F o r  scanning electron m icroscopy young stem s were 
dried by the “ critical po in t”  m ethod (A nderson 1951) 
and covered with gold.

T o  dem onstra te  w ater absorption a 0.05 %  aqueous 
solution o f  the flourescent stain rhodam ine B was 
used. On excised branches small con ta iners ,  made 
from  plastic tubing, were placed around the third 
in tem ode below the shoot apex. T h e  conta iners  were 
filled with solution and sealed with lanolin. N ex t  
day the absorbing parts o f  the stem s were quickly 
removed from the plant and em bedded  in a block 
o f  15% gelatine by melting a hole with a hot needle 
followed by rapid freezing with carbon dioxide to 
prevent secondary  m ovem ent o f  the stain in the m a
terial. C ross  and longitudinal sections (8 p )  were 
cut on a cryosta t  microtome, dried with hot air, and 
kept dry over  C aC l2 until m ounting in paraffin oil 
for examination in a fluorescence m icroscope . T hese  
procedures were repeated on stem s with naturally 
shed hairs. O th e r  stems with hairs were p laced in 
rhodamine B and in w ater for use as controls.

Morphology and anatomy

Spartocy tisus  fi lipes  is a broom-like tree 
endemic  to the C anary  Is lands  w here  it grows 
am ong  lava blocks in the xeric coasta l  zone
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Fig. 1. Surface of stem near apex. T-shaped trichomes, swollen and collapsed, covering the stem. In center 
two developing hairs. Scanning electron micrograph. x425.

(0-700 m). In this zone heavy  dew falls are 
co m m o n  (Burchard 1929, Cebal los & O r tuno  
1951, Lem s  1960).

T h e  plant is a  s tem assimilant  as its small 
trifoliate leaves are shed early in the growing 
season.  The stems are slightly furrowed.  T h e  
apex is densely covered by small T -shaped  
tr ichomes  (Fig. 1). A w ay  from the apex the 
tr ichomes  are more dispersed  and si tuated only 
in the furrows.  In branches  more than a year  
old they  are usually shed.

T h e  anatomy of  the stem has been described 
by Pellegrin (1908) and Tay lor  (1937), nei ther  
of  w hom,  however,  ment ioned the tr ichomes.

Inside the epidermis there is a multi layered 
ch lorenchyma al ternating with fibre strands.  
An endodermoid layer, 1-2 cells thick,  su r 
rounds  the stelar  tissues and each of  the fibre

s trands  near  the per iphery  (Fig. 2). Inside is 
the vascu la r  cylinder.

The tr ichomes

The  t r i chom es  consis t  o f  an apical “ hair ce l l" ,  
a stalk cell, and a basal cell (Fig. 3).

T h e  “ hair  ce l l ’’ is abou t  1/3 mm in length and 
elongated  parallel to the axis of  the stem. It 
has very  th ick  cel lulose walls covered  by a thin 
cuticle with small warts .  Ruthen ium red stains 
these walls bu t  not  the cuticle dark  red,  whereas 
the specif ic hydroxylamine- ferr ic  chloride meth 
od (Jensen 1962) shows several  pect ic  zones. 
T h e y  co r respond  to  isotropic zones  seen by- 
polarized light. In longitudinal sect ions  it is seen 
that  canals  o r  f issures ex tend  from the cell
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Fig. 2. Cross section of stem. Epidermis with thick outer wall, trichome, and sunken stomata. Palisade 
cells. Fibres, e: endodermoid layer surrounding vascular cylinder and peripheral fibres. Safranin fast-green, 
x 240.

lumen through the basal wall and widen to small 
t riangular  spaces  in its lower part  (Fig. 4).

W hen  sect ions o f  s tems with tr ichomes are 
placed in wate r  the walls of  the apical “ hair 
cel l” swell. In dehydrat ing media  they  shrink 
so much that the distal wall most  often collapses 
into the cell lumen giving the hair the shape 
o f  a wineglass when observed in cross  section 
(Fig. 5).

T h e  stalk cell is short  and nearly funnel- 
shaped.  It is surrounded  by cutinized walls
27 -  Botaniska Notise r  129:4

including the wall tow ards  the apical cell (Fig. 
3).

T h e  basal cell is similar to the ordinary  
epidermal cells. It is, however ,  sunken below 
their  level and is separated  from the stalk cell 
by a thick cutinized wall, similar  to the ou te r  
wall of  normal epidermal cells (Fig. 5).

T - shaped  tr ichomes  are also found on the 
lower  surface of  the leaves. It is interesting 
tha t  the stalk cell and the basal cell are s epa 
rated  by a thick cutinized wall whereas  the ou te r
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Fig. 3. Schematical drawing of trichome in cross 
section, partly based on electron micrographs. 
Cutinized walls shaded. Pectic zones and micro
channels indicated by thick lines in the walls.

wall o f  normal epidermal leaf cells is covered 
by a thin cuticle only.

T he  deve lopm en t  o f  the tr ichomes  is i l lustrat
ed in Fig. 6. T h e  t r i chomes  seem to develop 
very rapidly,  mature hairs  being found very  near  
the apical meris tem. F u r the rm ore ,  they  do not  
develop  successively as young hairs  are found 
dispersed  am ong  m a tu re  hairs  (Fig. 1).

Elect ron mic rographs  of  cross  sect ions of  
the “ hair ce l l”  wall show several  layers sep 
arated by e lec tron-dense  lines which  may c o r 
respond to the pectin zones  already mentioned.  
T h e  ou te rm os t  layer appears  darker ,  pe rhaps  
because  o f  a g rea ter  content  of  pect in in the 
matrix be tween  the cel lulose microfibrils (Fig. 
7). A fibrillose s truc tu re  parallel to the surface 
is observed .  T h e  s truc ture  o f  the inner  layers 
suggests an or ienta t ion nearly parallel to  the 
axis of  the tr ichome.  Holes ,  which probably  
are artefacts  due  to the knife,  are somet imes  
seen in the inner layers (Fig. 8). Such  artefacts  
are usually found in gelat inous f ibres in which 
the microfibrils are or ientated  almost  parallel 
to the long axis  (Coté & D a y  1962). T h e  oute r  
layer may be the pr imary wall and the inner 
layers the secondary  wall. Tiny channe ls  are 
seen in the distal wall o f  the apical cell radiating 
towards the surface.

Fig. 4. Trichome, longitudinal section. Canals in basal wall of “ hair cell” widening to triangular extensions. 
Safranin fast-green, x 1085.
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T h e  cu t in ized  side-walls o f  the stalk cell 
are hom oge neous  with an e lect ron-dense zone 
parallel to the ir  surfaces.  In the wall be tween  
the stalk cell and  the basal cell, e l ec tron-dense 
lines having the appea rance  o f  microchannel s  
are to be found  (Fig. 3).

I

Absorption

Because the  lignified and cutinized elements 
have a white and blue-white au tof luorescence ,  
a red f luorochrom e,  rhodamine B, was  used 
as t racer .  Rhodam ine  B is a l ipophilous stain 
(Drawert  1968) and,  therefore,  it s tains cu 
tinized walls.  F u r the rm ore ,  it adheres  to lignified 
walls (Frey-Wyssl ing  1959), a feature also d e m 
ons t ra ted  in the presen t  s tudy.

In s tems  trea ted with rhodamine  B the 
cutinized walls and cuticles thus show  a red 
f luorescence ,  s trongest  in the walls o f  the stalk 
cell. T h e  xylem oppos ite  to hairs show red 
f luorescence  too,  thus clearly proving tha t  an 
absorp tion  from the plant surface takes  place 
(Fig. 9). In the tissues be tween the hairs and 
the xylem, red f luorescence could be traced 
in the walls of  pal isade cells, endoderm oid  cells, 
and in the middle lamellae of  ex t raxylary  fibres. 
In some pal isade cells some unidentified globular  
bodies also f luoresce  in a red colour.  The  
control  s tems  placed in rhodamine B have red 
f luorescence  in all xylem bundles far  up into 
the stem.

A bsorp t ion  also occurs  in older  s tem where 
the hairs  had been naturally shed,  but  only in 
the peripheral  layers.

Sect ions o f  normal control  s tems placed in a 
drop  o f  rhodamine  B show the same results 
as above excep t  that  the stalk cell walls do not 
f luoresce red,  but instead retain their own blue- 
white colour.

Following absorp tion  over  a three-day  period 
there is no sign o f  the stain in the xylem. 
T h e  xylem in stems placed in the stain give 
similar negat ive results.  T h e  reason may be that  
rhodamine  B is a redox- indica tor  which develops  
into a non-visible leuco-compound (S tadelmann 
& Kinzel 1972).

Discussion

In Spartocy tisus  fi l ipes  the thick walls between 
the cells o f  the hairs,  especially the cutinized
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A

Fig. 5. T richom e, cross section. -  A: Swollen “ hair 
ce ll” . Sudan IV. -  B: D ehydra ted  “ hair ce ll” . 
Safranin fast-green. -  Basal cell below level o f  
epiderm is, x  1280.

wall be tween  the stalk cell a n d  the basal cell, 
are not  indicative o f  a w ater-absorb ing  function. 
O n  the other  hand,  the swell ing o f  hydra ted  
and  the collapse of  dehydra ted  “ hair cel l”  walls 
are suggestive o f  such  a function.  T h i s  possibil-
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Fig. 6. D ev e lo p m en t of trichome in six stages (nos. 1-6). -  1. (A): Protruding epidermal cell. -  2. (B): O uter 
part of cell elongates parallel to surface. -  3. (A): Apical cell established by wall formation. - 4 .  (C): Formation 
o f  wall be tw een  stalk cell and basal cell. Wall develops centripetally (see Lems & Holzapfel 1968). “ H air cell 
torn  aw ay. -  5. (D): F u r th e r  developm ent o f  wall. Basal cell bulges into stalk cell. Between the mature hairs 
tr ichom e in stage 1 . - 6 .  (E): Withdrawal o f  basal cell forming thick cutinized wall. -  Jo h an se n 's  quadruple stain, 
x 1245.
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ity is suppor ted  by the large con ten t  of  pect ic 
subs tances  and the ul t ras truc ture of  the “ hair 
ce l l“  wall. In the secondary  wall o f  this cell 
the or ienta t ion  o f  the cel lulose microfibrils is 
parallel to the cell axis.  Th is  fea ture al lows for  
be t te r  wate r  absorption than w hen  fibrils are 
ar ranged  in a helix as they usually are in most  
secondary  cell walls. T h e  pr imary wall is 
exceptiona lly  thick,  presumably  support ing the 
cell when it swells or  shrinks accord ing  to its 
w a te r  s tatus.

T h e  swelling o f  the “ hair cel l”  and the marked  
difference in staining response  o f  the cutinized 
walls of  the stalk cell fol lowing rhodamine  B 
trea tment,  being red after absorp tion  but  giving 
no react ion in the control  sect ions ,  suggests  
tha t  absorption occurs  th rough the cell walls 
o f  the tr ichomes .  The  passage th rough the thick 
cutinized wall between the stalk cell and the 
basal  cell may possibly be due to  a high content  
of  hydrophil ic  pect ic  subs tances  in this wall 
and ,  perhaps ,  also to the p resence  o f  micro
channels .  T h es e  features  are al so  found  in the 
ou te r  wall o f  normal epidermal cel ls ,  the micro
channels  being pectin-r ich accord ing  to the 
hydroxylamine-ferr ic  chloride reac t ion  (Lyshede  
1974). As seen in the f luorescence  microscope  
the further  wate r  t ransport  occurs  mainly 
through the apoplast .  This  may be  due to a water  
potential gradient  caused  by the  tension of  the 
wate r  in the xylem elements.  Osm ot ic  forces 
may add to this.

T h e  collapse o f  the apical cell when it is 
dehydra ted  suggests  a valve-like function.  This  
is well known in the Bromeliaceae ,  the pel tate 
t r ichomes  of  which “ co l lapse” dur ing  dehydra 
tion (Haberlandt  1924). C ow an (1950) describes 
wate r  absorption in the pel tate hairs in the 
leaves of  R hododendron .  D ur ing  dry seasons  
these hairs collapse,  secret ing a material that  
covers  the tr ichomes  thus checking  transpi ra 
tion.

It was shown by Meusel (1965) in Spar tocy t i
sus supranub ius , a plant having the appearance  
of  a rolled-up hedgehog,  how  it “ caugh t” 
water  from clouds drifting th rough  it. S. supra
nubius  grows in the upper  o f  three vertical 
cl imate zones  on the Canary  Islands under  
condit ions similar to, but  m u c h  more  xeric 
than the lowest zone  where S .  f i l ipes  grows.  
Water  from fog or dew must  likewise easily 
condense on the stiff s lender branches  of  S.

f i l ipes .  The  w ate r  runs along the b ranches  to the 
ground from where the roo ts  can abso rb  it. 
H o w e v e r ,  while covered  by wate r ,  the  results  
o f  this s tudy indicate that  the  tr ichome-bear ing  
b ranches  must  be able to abso rb  m uch  o f  it.

Being similar in their morpho logy  and a n a 
tom y,  both species must  be cons ide red  to have 
adap tive  characters  for w a te r  absorp tion  from 
rain, dew,  fog, or  clouds in a xeric cl imate.  
T h e  dense  hairy cover  o f  the shoo t  apex  will 
be able to supply this vu lnerable  part  o f  the 
plant  immediately w henever  w a te r  is available.  
H o w e v e r ,  the physiological  and ecological sig
nif icance o f  this absorp tion  m e chan ism  cannot 
be es t imated  from this exper im ent  as the  am oun t  
o f  w a te r  necessary  for  suppor t ing life in this 
plant is unknown.

T h e  wide range of  functions con n ec ted  with 
plant  hairs is rev iewed by N eto l i tzky  (1932), 
U p h o f  (1962) and Johnson  (1975). O ne  is the 
lowering o f  t ranspirat ion.  U n d e r  the dense 
layer o f  hairs ,  the shoot  apex  is co v e re d  by a 
thin cuticle which by itself prov ides  little p r o 
tec t ion against cut icular  t ranspira t ion.  T h e  space 
be tw een  the cuticle and the t r i chom es ,  probably 
filled with damp air, will lower  cu t icu la r  t r an 
spirat ion.  Fur the rm ore ,  the  wind will be kept 
away .  Because the hairs deve lop  at random,  
any gaps in the hair cover  can be filled when 
they  arise,  e.g. ,  due  to stretching o f  the shoot .

T h e  warty surfaces of  the hairs  are shiny, 
showing reflection o f  light thus pro tec t ing the 
photosynthe tic  appara tus  against too  much light. 
It is reasonable also that  the plant te m pera tu re  
is lowered  by this reflection o f  light as much 
o f  the light energy is lost to the plant in this way.

T h u s  the tr ichomes  o f  5. f i l ip e s  m ay  function 
in different  ways  to pro tec t  the young stem 
apices of  the plant. T h e  functions are probably 
carr ied out s imultaneously,  and there fore  the 
plant is able to cope with w h a te v e r  kind of  
ex ternal  condit ions arise. T o g e th e r  with o ther  
fea tures  o f  the plant,  the hairs help it to survive  
the condi t ions  o f  the habitat.
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Fig. 7. Trichome, cross section, ec epicuticular material, c cuticle, p primary wall, s secondary wall, four 
layers separated by pectic zones. Electron micrograph, x 37,000.
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Fig. 8. Trichom e, cross section. Artificial holes in secondary  wall due to direction o f  microfibrils. Legend 
as in Fig. 7. Electron micrograph, x  36,000.
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Fig. 9. V a sc u la r  tissues in stem, x xylem, ph phloem, pi pith. T he  walls o f  water-transporting  xylem elem ents 
stained with absorbed rhodamine B solution. Secondary thickening of stem has not begun. x640.
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Konidienproduktion und -kolonisation von Süsswasser- 
Hyphomyceten im Kaltisjokk (Lappland)
Agnes M üller-Haeckel und Ludmilla Marvanovä

M üller-Haeckel, A. & M arvanovä, L. 1977 01 28: K onidienproduktion und -kolonisation 
von Süssw asser-H yphom yceten  im Kaltisjokk (Lappland). [Conidia production and 
colonization by freshw ater H yphom ycetes  in Kaltisjokk (Lapland).] Bot. Notiser 129: 
405-409. S tockholm. ISSN 0006-8195.

Conidia of H yphom yce tes  were counted continuously during one vegetation period in the 
drift from Kaltisjokk, a tributary of the river Stora Lule Älv, which is situated on the 
A rctic  Circle in N Sweden. The highest num ber o f conidia occurred in S ep tem ber-O ctober  
(coinciding with leaf-fall). N o  diurnal variation in the conidial drift has been detected. 
A ltogether seven species of  H yphom yce tes  were found. T he dominant species were 
Flagellospora curvula and Lemonniera centrosphaera, the latter new to Sweden. 
Conidia which had been caught on plexiglass slides (total area  10 cm 2) during two-hour 
periods were com pared with those in the drift. N o  superiority in colonization of 
tetraradiate conidia over  sigmoid conidia has been found.

Agnes Müller-Haeckel, Abisko Scientific Research Station, S-980 24 Abisko, Sweden. 
Ludmilla M arvanovä, Czechoslovak Collection o f  M icroorganisms, J. E. Purkyné 
University, Trida Obråncu M ini 10, Brno, Czechoslovakia.

Die S ü ssw asse r -H yphom yce te n  sind als eine 
eigene ökologische G ru p p e  von Ingold (1942) 
e rkann t  und von ihm eingehend unte rsuch t  
w orden .  Ähnliche florist ische Studien dieser 
G r u p p e  sind später  in anderen  Ländern  durch 
geführ t  worden .  In Schweden hat Nilsson  (1964) 
eine umfassende  Bes tandsaufnahme der Süss
w asse r -H yphom yc e ten  des Landes  geliefert. Die 
Ar tenzah l  nimmt vom Süden nach N orden  
m arkan t  ab: Nilsson (1964) fand nur fünf der  
39 für  ganz Schweden bekannten  Arten in 
T o rn e  Lappm ark .

Bei U n te rsuchungen  an einzelligen, benthi- 
schen Algen im Kalt is jokk,  einem ca.  20 km 
nördlich des Polarkreises ver laufenden Zufluss 
zum St. Lule Älv wurden  1967 regelmässig 
Konidien  von H yphom yce ten  gefunden.  Die 
Resu lta te  der  während einer  Vegeta t ionsper iode  
in den Proben  gefundenen H yphom yce ten -  
Konidien sollen hier  dargelegt werden.

Methoden

Die Konidien im frei fliessenden W asser wurden aus 
Proben, in Zw eistunden-Intervallen über 24 Stunden 
(automatische Probenentnahm e) oder  um 10:00 in 
14 Tage-ln tervallen  an fünf resp. drei verschiedenen 
Lokalen (Abb. 1) im Kaltisjokksystem entnom m en, 
bestimmt und ausgezählt (K onidien/L iter Bach
wasser).

An fünf Lokalen (Abb. 1) wurden Plexiglasplättchen 
von 10 cm 2 Gesam toberfläche jeweils über zwei 
S tunden w ährend e iner 24-Stundenperiode im Bach 
exponiert (Anzahl Konidien/10 cm 2 F läche, 2 Stunden; 
z. T . au tom atische Probenentnahm e). Die Plättchen 
wurden nach der Exposition in dest. W asser au s 
geschüttelt und die Proben mit Jodjodkali fixiert. 
Alle Proben w urden un te r  dem Planktonmikroskop 
quantitativ  ausgew erte t (M ethodenbeschreibung 
siehe auch M üller-Haeckel 1967, 1970).

Ergebnisse

Von den S üssw asse r -H yphom yce ten  ist b e 
kannt ,  dass sie als Saprophyten  au f  im Wasser  
l iegendem, ve r ro t tendem Laub ve rschiedener  
G ehö lze  (in N o rd sc h w ed e n  Ainus, S a l ix , Betula)  
leben und Konidien produzieren.  Diese  werden
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Fig. 1. M ap of the Kaltisjokk area with the seven 
U ntersuchungslokalen. -  (1) Ruhig fliessendes W asser 
bis zu 1 m tief. -  (2) Stark ström endes W asser 0,50 
bis 0,75 m tief. -  (3) In der Mitte eins 100 m langen 
Wasserfalles 0,10 bis 0,30 m tief. -  (4) A uslauf aus 
einer ca. 3 m tiefen Stillwasserzone. -  (5) Seitenarm  
der Kaltisjokk, 0,05 bis 0,10 m tief. -  (6) Ruhig 
fliessender Bachbereich , ca. 0,70 m tief. -  (7) Kall- 
bäcken, ca. 1 m breit  und 0,20 bis 0,40 m tief.

Fig. 1. M ap o f  the Kaltisjokk area with the seven 
localities studied. -  (1) Slowly flowing w ater,  up to 
1 m deep. -  (2) Rapidly flowing w ater, 0.50-0.75 m 
deep. -  (3) In the centre o f  a waterfall about 100 m 
long; w ater depth  0.10-0.30 m. -  (4) Outflow from a 
zone with still w a te r,  c. 3 m deep. -  (5) Branch of 
the Kaltisjokk, 0.05-0.10 m deep. -  (6) Slowly 
flowing w ater, c. 0.7 m deep. -  (7) T he rivulet K a ll
bäcken, c. 1 m broad and 0.20-0,40 m deep.

J J A S O 1967
A bb. 2. In d er  Drift gefundene H yphom yce ten-  
Konidien (Sum m e der Konidien aller A rten) im 
unteren Kaltisjokk (Fokal 6, Abb. 1) von Juni bis 
O k to b er  1967. Ordinate : A nzahl K onid ien /L ite r  B ach
wasser,  A bszisse: Zeit in 14-Tageintervallen.

Fig. 2. N u m b er  o f  conidia per 1 w ater (vertical axis) 
in Kaltisjokk (locality 6, Fig. 1) from June  to O c to b e r  
1967 (horizontal axis, intervals of  two weeks).

freigesetzt ,  sobald sie ausgereif t sind. Die 
meisten U nte r suchungen  an H yph o m y ce ten  
wurden in der  Weise durchgeführ t ,  dass ver 
ro t tende  Laubblä t t e r  aus  den Bächen gesammelt  
und a u f  ihre Pilzflora un te rsuch t  wurden .  
U nse re ,  w ährend  einer  Vegeta t ionsper iode  
kontinuierl iche U n te r su ch u n g  der  im W asse r  
t reibenden Konidien betrifft die Konidien- F re i 
se tzungsak tiv i tät  der  H y p h o m y c e te n  bzw. der  
Aktiv i tät ,  die hinter  der  Konid ienprodukt ion  
steht . Die meisten Hyphom yce ten -Spez ia l i s ten  
sind zu dem Resul ta t  gekom m en ,  dass H y p h o 
myceten  während  des  ganzen Jahres  an den 
geeigneten Plätzen zu f inden seien mit B evo r 
zugung von H erbs t ,  W in te r  und f rühem F r ü h 
ja h r  (Ingold 1942, 1975, Ranzoni  1963, Nilsson  
1964, M a rv a n o v ä  & M arvan  1963, Iqbal  & 
W ebs te r  1973). N a c h  unserer  U n te r su ch u n g
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T abe lle  1. Konidiendrift (K onid ien /L iter) von H yphom yce ten  von fünf Lokalen im K altisjokksystem  in 
Zw eistunden in terva llen  am 8. Juli 1967.

Table 1. D rift o f  hyphom ycete conidia  (conidia per liter) on five localities along Kaltisjokk 8.7. 1967 (intervals 
of two hours).  C o d e  to the localities in Fig. 1.

Lokal (Locality) Zeitintervall (Time interval)

0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 16-18 18-20 20-22 22-24

W asserfall (Lokal 3) 160 280 320 160 200 200 200 40 240 160 160
Stillw asserauslauf 80 120 240 120 200 200 440 160 240 480 120 200

(Lokal 4) 
Seitenarm  (Lokal 5) 240 160 160 1040 680 360 120 240 200 320 600 400
Kaltisjokk V (Lokal 6) 280 280 40 120 280 240 200 400 240 280 440 240
K allbäcken (Lokal 7) 120 360 80 80 200 240 120 320 240 160 440 360

zeigt die Aktivi tät  der  Konid ienprodukt ion  an 
einem O r t  im Bach (Lokal  6, A bb .  1) eine aus 
geprägte  jahreszei t l iche Var ia t ion  (Abb.  2). Im 
F rüh jah r  und vor allem im H e rb s t  (Sep tem ber -  
O k tobe r )  liegen die Werte  der  Konidien per  
Liter  B achw asse r  hoch über  denen  vom S o m 
mer,  speziell  August .  D asse lbe  zeigten zwei 
wei tere Loka le  im Kalt is jokk (Lokal  1 und 2, 
Abb .  1), a b e r  mit geringeren K onid ienmengen.

D as  M a x im u m  der  Konidiendri f t  fällt mit dem 
Laubfal l ,  also Subs tra tr e ich tum,  für diese Pilze 
zusam m en .  D ie  K on id ienprodukt ion  ist nicht 
positiv mit de r  W a s s e r te m p era tu r  korrelier t,  
denn diese liegt im Kalt isjokk im Jul i /Augus t  am 
höchs ten  mit W er ten  bis zu 18°C, während  sie 
im O k to b e r  berei ts  au f  7°C (Anfang Oktober)  
bis 0,4°C (Ende  Oktober)  gesunken  ist (Müller 
1970).

Tabe lle  1 zeigt die Anzahl  t r e ibender  Konidien 
am 8. Juli 1967 von fünf versch iedenen  Lokalen 
im Kal t is jokksys tem. Die je  zw ö l f  Wer te  des 
Tages  lassen keine tagesper iodische  Ordnung  
der  Konid ien-, ,D r i f t“  e rkennen ,  wie wir  sie z.B.  
für einzell ige,  benth ische Algen in f liessenden 
G e w ä s s e rn  f inden (Mül le r-Haecke l  1973). Viel
mehr vari ier ten  die K onid ienmengen  im Bach 
stark und unregelmässig w ä h re n d  einer  24- 
S tundenper iode .  Die vier e rs ten  Lokale  in der  
Tabelle  1 folgen in der S t römungsr ich tung  des 
Kalt is jokk aufe inander (Abb. 1). Eine A n 
häufung von Konidien in den  un te ren  Bach
bereichen  fand nicht statt.

Insgesamt w urden  im Kalt is jokk Konidien von 
sieben verschiedenen H y p h o m y c e te n a r t e n  ge
funden ,  im sommerkal ten  Zuf luss ,  Kallbäcken,  
dagegen nur  vier  (mit * versehen) :

Flagellospora curvula  Ingold* (Abb. 3 D ; von 
N ilsson  (1964) für T o m e  L ap p m ark  angegeben)

L em onniera  centrosphaera  M arv.*  (Abb. 3 A, B; 
ers tm als  in Schweden gefunden)

Anguillospora longissima  (Sacc. & Syd.) Ingold* 
(Abb. 3 C)

Geniculospora injlata (Ingold) N ilsson ex M arva- 
novå & Nilsson* (Abb. 3 E)

- 50

A bb . 3. Konidien der vier häufigsten im Kaltisjokk 
v o rkom m enden  H yphom yce tenarten .  (Conidia o f  the 

f o u r  co m m o n es t  species o f  H y p h o m yce te s  in Kaltis
jo k k . )  -  A, B: Lem onniera  centrosphaera. -  C: 
Anguillospora  longissima.  - D :  Flagellospora curvula.  
-  E: Geniculospora inflata.
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Tabelle  2. Drift (Anzahl Konidien/Liter) und Koloni
sation (Anzahl Konidien/10 cm 2 und 2 Stunden), 
beides Mittelwerte aus 12 Zweistundenintervall- 
P roben , und der Quotient aus beiden (D:K) von 
Flagellospora curvula (sigmoid) und Lemonniera 
centrosphaera  (tetraradiat) von vier Lokalen.

Table  2. Drift (number o f  conidia p e r  liter) and 
colonization (number of conidia per 10 cm 2 and 2 
hours; both are means from 12 intervals of  two 
hours), and the quotient (D:K) betw een them. Fla- 
gellospora curvula is sigmoid and Lemonniera centro
sphaera  is tetraradiate. F o u r  localities in the Kaltis
jokk  area.

Lokal Flagellospora Lemonniera

Kaltisjokk (Lokal 6) 81.7. 1967
Drift 200 53
Kolonisation 98 16
D :K 2.0 3.3

Kaltisjokk (Lokal 6) 16.9. 1967
Drift 1093 87
Kolonisation 401 150
D :K 2.7 0.6

Kallbäcken (Lokal 7) 8.7. 1967
Drift 63 163
Kolonisation 47 9
D :K 1.3 18

Kallbäcken (Lokal 7) 16.9. 1967
Drift 227 37
Kolonisation 190 26
D :K 1.2 1.4

Seitenarm (Lokal 5)
Drift 243 133
Kolonisation 112 17
D :K 2.2 7.8

Stillwasserauslauf (Lokal 4)
Drift 203 13
Kolonisation 215 3
D :K 0.9 4.3

Lemonniera aquatica de Wild (von Nilsson (1964) 
für T o m e  Lappmark angegeben)

Lemonniera terrestris Tubaki 
Tricellula aurantiaca (Haskins) Arx

Dom in ie rend  traten die beiden erst genannten  
Arten  im Kalt isjokk auf, die beiden folgenden 
A r ten  in der  Liste waren se l tener und die 
Konidien der drei zuletzt  genannten wurden 
nur  vereinzelt  im Kalt is jokk, dagegen gar nicht 
im Kallbäcken  gefunden.

Diskussion

Ingold (1959, 1966) weist a u f  die ökologische 
Bedeu tung der  Konidienform hin, indem er 
meint ,  dass  te trarad iate F o rm en  leichter au f  
dem Subs tra t  kolonisieren oder  haften als 
s igmoide F o rm en .

W eb s te r  (1959) ha t  im Labora to r ium  exper i 
mentel l belegt ,  dass  te trarad ia te  Konidien 
leichter  o de r  fes ter  an G las s täbche n  im s t röm e n
den W a s s e r  haften als s igmoide Konidien.  F ü r  
die be iden  domin ie renden  H y p h o m y ce ten a r te n  
im Kalt is jokk (Flagellospora curvula  mit sig- 
moider  Konidienform und L em onn iera  cen tro 
sphaera  mit te t ra rad ia te r  Konidienform) k o n n 
ten wir  dies bei Plexiglasplä t tchen als Subs tra t  
nicht bes tät igen.  Tabelle  2 zeigt Drift  und 
Kolonisat ion  de r  Konidien der  beiden genannten  
Arten  jeweils  als Mittelwer te  von 12 Z w e i 
s tundenin te rva l lp roben  eines Tages  von vier 
Lokalen  und aus zwei Jahresze i ten .  D e r  
Q uot ien t  Dr if t /Kolon isat ion als A usd ruck  für  
Effektivi tät  der  Kolonisat ion  lässt nur in einem 
Fall L em onn iera  in der  Kolonisa t ion Flagello
spora  überlegen erscheinen.  Die  Q uot ien tw er te  
zeigen,  dass Flagellospora curvula  in der  
Kolonisat ion  au f  Plexiglas s tet iger  ist als L e 
m onniera  cen trosphaera ,  deren  Kolon isa t ions
effektivi tät  sehr  w echse lnd  war.  U nse re  
Ergebnisse sind mit denen von  W ebs te r  (1959) 
nicht direkt  vergleichbar.  W ähre nd  Webste r  
mit q ue r  zur  S trömungsr ich tung  und vertikal 
orientier ten  G las s täbchen  arbei tete,  deren O b e r 
fläche mit einer  dünnen  Kollodiumschicht  ver
sehen war,  bez iehen  sich unsere  Werte  auf  in der  
S t römungsr ich tung  und hor izontal  exponierte  
Plexiglasplät tchen.  Am Lokal 3 (Abb.  1) im 
Wasserfal l wurden  keine Konidien auf  den 
ausgese tz ten  Plexiglasplät tchen  gefunden.
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Species of Urocystis on Juncaceae 
Kalman Vdnky

Vånky, K. 1977 01 28: Species of  Urocystis  on Juncaceae. B ot. N o t is e r  129: 411-418. 
Stockholm. ISSN 0006-8195.

Drawings and descrip tions are given for the species of  U ro cys t is  (Ustilaginales) on 
Juncaceae, viz., U. jo h a n so n i i  (Lgh.) M agn., U. ju n c i  Lgh., U. lagerheim ii  Bub., U. 
luzulae  (Schrot.) W inter and U. tothii  Vånky sp. nov. (on Juncus c o m p ressu s  Jacq.). 
The type collection of U. lagerheim ii  var. obscura  (Liro) Zundel belongs to U. tothii.

Kålrnån Vånky, K yrkbyn  44, S-780 41 G agnef, S w eden .

In the s u m m e r  o f  1974 the Hungar ian  myco lo 
gist D r  Såndor  T ö th  collected at H or tobågy  
(Hungary) many samples  o f  Juncus  com pressus  
Jacq .  heavily infected by a species o f  Urocystis. 
I have com pared  the samples with all known 
species o f  Urocystis  on Juncus  and L u zu la  and 
found it different.  It  is described here as a new 
species under  the name o f  U rocystis  tothii 
V ånky  in honour  o f  its discoverer .

Material and methods

I have m ade the studies and descriptions of the 
species -  w herever this was possible -  by investiga
ting the type specimens (indicated by exclam ation (!) 
points), as well as o ther material. The spores have 
been studied in lactophenol solution heated to the 
boiling point to give the spores their original turgidity. 
The dark spores were first d iscoloured under cover 
glass in 30 %  hyperoxide solution fo r about 30 minutes. 
T he  m easurem ents were made at 1000 x .  T o  establish 
the ratio spores/spore balls, 200 spore balls were 
counted. A list o f  studied specim ens is given at the end 
of the description o f  each species. T h e  names of 
herbaria are abbreviated according to Index Her- 
bariorum. H U V  stands for the au th o r’s private h er
barium (Herbarium  Ustilaginales Vånky)

Key to the species o f Urocystis on Juncaceae

1. On Luzula  ...................................................................................................................................................................... 4. U. luzulae
On Juncus .............................................................................................................................................................................................  2

2. Spores large, 16-24 pm  in length ................................................................................................................  3. U. lagerheimii
Spores smaller, 10-17 pm  in length ............................................................................................................................................ 3

3. T he nu m b er  o f  spores in a spore ball 1-20 o r  more. Sori in the interior of the culms ......................... 2. U. junci
The num ber of spores in a spore ball few er, 1-10 ................................................................................................................  4

4. Sori as bulb-like swellings in the basal par t  of leaves. One-spored spore balls few ( <  10 %)  . 1. U. johansonii
Sori as s treaks in the leaves and culms. O ne-spored  spore balls not so few ( >  10 %) ........................  5. U. tothii

1. Urocystis johansonii (Lagerheim) M agnus

M agnus, Verh. Bot. Ver. Prov. Brandenb. 37, Abh.: 
94, 1895. -  U rocystis  ju n ci  Lgh. ß. jo h a n so n i i  Lgh., 
Bot. N ot.  1888(5): 201, 1888. -  Tuburcinia joh a n so n ii  
(Lgh.) L iro , Ann. Univ. Fenn. Abo. A. 1(1): 34, 1922. — 
Type  on Juncus bufonius  L ., Sw eden, Småland, Ö.

T orsås  par.,  Sunnansjö , 18.VII. 1887, C . J .  Johanson 
(!); Vgr. M. rar. sel. 11 (!).

Sori  (Fig. 1) as swellings in the basal parts  of  
rosular  leaves,  giving a bulb-like aspect ,  lead- 
co loured,  at first covered  by the  epidermis which
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F ig .  1. U rocystis  jo h an son ii  o n  Juncus bufonius.  -  
A :  T h e  u n in f e c te d  h o s t  p la n t .  -  B: P l a n t  w i th  fu n g u s  
so r i .  -  C :  C r o s s  s e c t i o n  t h r o u g h  th e  s o r u s  w i th  th e  
s p o r e  m a s s  in th e  c h l o r e n c h y m a .

finally rup tures  exposing the black,  powdery  
mass of  spore balls. Spore balls (Fig. 6 A) 
globose,  ovoidal to irregular, 16-32 x 17-38 
in diam.,  com posed  of  1—7(—10) central  spores 
surrounded by a cont inuous  layer of  peripheral  
sterile cells. Spores  globose,  subglobose or 
irregular,  dark brown, (7.2—)8—12 x (10.4-)11.2- 
15.2(— 16) ;u,m in diam.,  smooth.  Sterile cells 
yel lowish-brown, variable in size, 4-12 p m  in 
length,  with thick wall on the base and sides 
(c. 1.2 p m) and thin,  smooth  wall (c. 0.4 /xm) 
on the free surface,  col lapsed with age. T h e  
infected plants remain sterile.

Distribution:  on Juncus  bufonius  L. : Eu rope  
(Czechoslovakia,  Finland,  N o rw a y ,  Poland,  
Rumania,  Soviet  Union,  Sweden),  N .  Africa 
(Morocco  ?, n. v. ; Fig. 242 N in Ch.  Zam- 
bettakis,  Les Usti laginales des plantes d ’Afrique 
(1971) does not  represen t  U. johanson ii) .

Specim ens studied. On Juncus bufonius: (1) Vgr. M. 
rar. sel. 11. Suecia, Småland, Ö. Torsås p a r . ,  
Sunnansjö , 18.VII .  1887, C . J. Johanson  (sub 
Urocystis junci  Lgh. v . johansonii Lgh .) (H U V , S) -
(2) Fgi. herb. T .  V estergren  (idem N o . 1) (H U V , S) -
(3) Syd. M ycoth .  M archica, 2627. Berlin, Ju ngfrau 
heiden, VII. 1889, P. Sydow  (sub Urocystis junci 
Lgh. var. johansonii Lgh.) (BP, H U V , S, U PS) -
(4) Syd. O stil. 85. Arkt. N o rw eg en ,  Jägerw ande t 
pr. T ro m sö ,  V III .  1893, G . Lagerheim (sub Urocystis 

junci Lgh. b. johansonii Lgh.) (BP, BU CM , H U V , 
L E , S, U PS) -  (5) R bh .-Pzke .,  Fgi. eur. ex traeur.  
4106 (idem N o .  4) (BP, H U V , S) -  (6) Fl. M oravica . 
A d viam turisticarn S tn lky-V lcåk in decl. C hriby ,
2.VII. 1931, Zavrel (BRN M ) -  (7) Rom ania , O ltenia, 
rn. N ovac i ,  SE Prigoria, 18.VII. 1955, I. §e rbänescu  
(BU CM ) -  (8) Rom ania, reg. Arge?, m . H orezu ,  
E . Tg.-S läve?ti ,  14.VII. 1960, N .  R om an  (HU V ) -  (9) 
K. V ånky, U stil .  46. Rom ania, Transilvania , pr. 
urbem H u n ed o ara  (V ajdahunyad), 7.VII. 1961, K. 
V ån k y  (BP, B U C M , H U V , L E ,  LD , M, S, U P S )  -
(10) R om ania , T ransilvania ,  pr. urbem  Bistrija 
(Beszterce) ad pag. Sära ta  (Besenyö), 5.VII. 1962, 
N .  & §t. R om an  (HUV).

2. Urocystis junci Lagerheim

Lagerheim , Bot. N o t.  1888(5): 201, 1888. -  Urocystis 
junci Lgh. a genuina  Lgh., Bot. N o t .  1888(5): 201, 
1888. -  tuburcinia  junci (Lgh.) L iro, Ä nn . U niv . 
F enn . Abo. A . 1(1): 33, 1922. -  Urocystis junci 
M agn.,  V erh . bot. Ver. Prov. Brandenb. 37: 93, 1895. -  
Type on Juncus flliform is L .,  Sw itzerland, a t the 
B erninabach near Pontresina , V III.  1888, G. Lager- 
heim (!); in R oum eg.,  Fgi. sei. exs. 4870 (!).

Sori  (Fig. 2) in the interior  o f  the cu lms,  
filling it with a dus ty  brownish-b lack  mass  of 
spore balls. T h e  culms often rupture longi
tudinally (up to 15 cm) disclosing the spore 
mass.  Spore  balls  (Fig. 6 B) globose to irregular ,  
vary ing in form and  size, 20-44 x  22-56(-64) 
g m  in d iam.,  com posed  o f  1-20 (or more)  spores  
complete ly invested by sterile cells. Spores  
subglobose,  ovoidal or  slightly irregular ,  9 .6 -  
12.8 x 11.2—16(—19.2) gem in d iam.,  reddish- 
brown,  smooth .  Sterile cells variable in shape 
and size, 5.6—14.4(—16) p m  long,  light reddish- 
b row n,  often collapsed by drying.

N o te .  A spec im en  o f  “ U rocystis  j u n c i ’’ on 
Juncus  silvaticus  S tems from G r e a t  Britain 
(Herb.  IM1 582) has spores  and sterile cells 
much d a rk e r  than the type.  T h e  spore balls are 
smaller  (16-30 x 2 0 - 4 4  p m )  and are only 1-8- 
spored.  T h e  spores  measure  9.6— 12(—12.8) x  12- 
16 p m .  M ore  ex tensive studies are necessary  
in o rder  to find out  w he the r  it is a separate 
species.  T h e  small f ragment obta ined  was  quite 
insufficient for  this purpose.
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D istr ib u tio n :  on  J u n c u s  a rc ticu s  Willd. ssp. 
in te rm e d iu s  H yl.: E urope  (Iceland). -  J . b a lticu s  
W illd.: E u rope  (Soviet U nion: Latvia), N . 
A m erica  (U SA ). - J .  b ig lu m is  L.: G reen land .  -  
J . f i l i fo r m is  L .: E urope (Austria, C z e c h o 
slovakia, F in land , G erm an y , Poland, Soviet 
U n ion , S w eden , Switzerland), Asia (Soviet 
U nion) -  J . s ilv a tic u s  S tems: E urope  (Great 
Britain) (?).

Specim ens studied. On Juncus arcticus ssp. inter
medius: FI. Islandica 17217. Kjosarsysla, Mt Ulfars- 
fell, ab. 10 km E of Reykjavik, 13.VII. 1962, J. A. 
Nannfeldt (UPS).

On Juncus balticus: (1) Griffiths, East Amer. Fgi. 
221. USA, Nev., Quinn River Crossing, VII. 1901,
D. Griffiths & Morris (HUV, S) -  (2) J. Smarods, 
Fgi. latvici exs. 805. Prov. Vidzeme, Kr. Riga, 
Riga-Daugavgriva, 28.VII. 1939, J. Smarods (sub 
Tuburcinia junci (Lgh.) Liro) (LE, M, S) -  (3) F. 
Petrak, Mycoth. gener. 385. (idemNo. 2) (M, S, UPS).

On Juncus biglumis: Groenlandia bor.-occid., 
Murchinson Sound, Igdloluansuit. 77,45 N., 20.VIII. 
1921, J. N. Nygaard (UPS).

On Juncus filiform is: (1) Switzerland, Pontresina, 
VIII. 1888, G. Lagerheim (BP, S) -  (2) Roumeg. Fgi. 
sei. exs. 4870. (idem No. 1) (S) -  (3) Krieger, Fgi. 
saxon. 604. (a) In der Nähe von Skassa bei Grossen- 
hain, 27.V. 1890; (b) Zwischen Waltersdorf u. Prossen, 
sächs. Schweiz, 8.VI. 1890, W. Krieger (S) -  (4) 
Syd. Mycoth. Marchica, 3506. Potsdam, Nuthewiesen, 
16.VII. 1892, P. Sydow (sub Urocystis junci Lgh. 
a  genuina Lgh.) (HUV, S) -  (5) Syd. Ustil. 43. 
Pommern, Rügenwaldermünde, VII. 1893, P. Sydow 
(sub Urocystis ju n c i Lgh. a genuina  Lgh.) (HUV, 
LE, M, S, UPS) -  (6) Syd. Ustil. 347. Bohemia, 
Tabor, 4.VI. 1904, Fr. Bubåk (BP, LE, M, S, UPS) -  
(7) O. Jaap, Fgi. sel. exs. 223. Thüringien, am 
Stieglitzteich bei Oberhof, ca. 700 m., 18.VII. 1906, 
O. Jaap (M, S) -  (8) Fl. moravica. Vel. Mezirici, 
18.VIII. 1908, R. Picbauer (BRNM) -  (9) Herb. Myc. 
Kupka, Austria, Steierm., Eisenerz, V11. 1911, T. 
Kupka (M) -  (10) Herb. Myc. Kupka, Görkau, 
Böhm. Erzgeb., Sommer 1914, T. Kupka (M) -
(II) Liro, Mycoth. fenn. 208. Fennia, Nylandia, 
Kerava, VII. 1915, E. Kitunen (sub Tuburcinia 

junci (Lgh.) Liro) (HUV, M, S) -  (12) Herb. R. 
Picbauer, Ad Valecov pr. Okrastdice (Nem. Brod), 
31.VII. 1924, E. Baudys (BRNM) -  (13) F. Petrak, 
Fl. Bohem. et Morav. exs. 2231. Mähren, Zdär,
VII. 1926, R. Picbauer (sub Tuburcinia junci (Lgh.) 
Liro) (M, 'S) -  (14) Fl. moravica, Ad Znetinek pr. 
Vel. Mezirici, 7.VIII. 1926, R. Picbauer (sub Tu
burcinia junci (Lgh.) Liro) (BRNM, S) -  (15) Fl. 
moravica, Znetinek ad Zdär, 8.VIII. 1926, R. Picbauer 
(sub Tuburcinia junci (Lgh.) Liro) (HUV) -  (16) Fl. 
moravica. Prata ad Svetla pr. Tele. 8.IX. 1927, 
R. Picbauer. (sub. Tuburcinia junci) (BRNM) -  (17) 
Fl. moravica. Vel. Mezirici ad OlsI, 12.VIII. 1928, 
R. Picbauer (sub Tuburcinia ju n c i) (BRNM) -  (17) 
Sweden, Skåne, Osby, 4.VII. 1932, H. Chris- 
toffersson (sub Tuburcinia junci (Lgh.) Liro) (HUV, 
LD) -  (19) Fgi. exs. fenn. 180. Fennia, Regio
28 -  B o ta n isk a  N o t is e r  129:4

!?

X

Fig. 2. A : Urocystis ju n c i  on Juncus filiformis. -  B: 
Cross section through the culm w ith  the fungus sori.

Aboensis, N auvo , Seksnappa, 6.V II .  1946, Lauri
E. Kari (sub Tuburcinia ju n c i  (Lgh.) L iro ) (M, S) -  
(20) Fgi. Cechoslovenici, Kostelec nad Öernym i 
Lesy, 26.V I I I .  1953, K . Kroan (Herb. M . Souckovå 
in BR N M ).

On Juncus silvaticus: Great B rita in , N o rfo lk , 
Bum fen Broad, 2 .V II I .  1945, E. A . E llis ( IM I).

3. Urocystis lagerheimii Bubåk

Bubåk, A rch , pro prirod. vyzkum  Cech 15(3): 64, 
1912 (n. v .); A rch . N a tu rw . Landesdurchl. Böhmen 
15(3): 63, 1916. -  Tuburcinia lagerheimii (Bub.) L iro , 
Ann. U n iv . Fenn. A bo. A . 1(1): 35, 1922. -  Type  
on Juncus com pressus  Jacq., Sweden, Ö land, Borg-
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B

Fig. 3. A: Urocystis lagerheimii on Juncus co m 
press us. -  B: Cross section through a leaf.

holm, VII. 1896, G. Lagerheim (!); Syd. Ustil. 247 (!); 
Vgr. M. rar. sel. 190. (!).

Sori (Fig. 3) as blister-like st reaks in the stems 
and basal half  o r  3/4 of  the leaves, 1-2 mm in 
breadth ,  several  cm long, at first covered by a 
greyish ep idermis,  which ruptures  irregularly 
disclosing the black,  powdery  mass of  spore 
balls. Spore balls (Fig. 6 C) globose,  ovoidal 
to irregular , 24—52(—72) /xm in diam.,  com posed  
of  1—7(—10) central ,  fertile spores completely 
invested by a layer of  sterile cells. Spores  
globose  to ovoidal ,  somet imes  f lat tened on one 
side, yel lowish-brown, (12—) 12.8—17.6 x (14.4—) 
16—24(—27.2) /xm in diam.,  smooth .  Sterile cells 
variable in shape and size, 4.8-12 /xm long, 
with light yel lowish-brown, smooth  wall, col
lapsed by drying.

B

Fig. 4. A: Urocystis luzulae on Luzula  pilosa. -  B: 
Cross section through a leaf with sori.

D istribution:  on J uncus  com pressus  Jacq. :  
E u ro p e  (Finland,  Sweden) .  -  J. sp.: Europe  
(Soviet  U n ion ,  n. v.),  Asia  (Soviet U n ion ,  n. v.).

S pec im ens  studied.  On Juncus com pressus:  (1)
Sweden, Öland, Borgholm, VII. 1896, G. Lagerheim 
(sub Urocystis junc i  Lgh.) (S) -  (2) Vgr. Micr. rar. 
sel. 190 (idem No. 1) (M, S) -  (3) Syd. Ustil. 247. 
Suecia, Borgholm, VIII. 1896, G. Lagerheim (sub 
Urocystis ju n c i  Lgh.) (BP, HUV, LE, M, S, UPS) 
-  (4) Fennia, AL, Föglö, Bärö, 17.VII. 1919, T. 
Putkonen (HUV).

4. Urocystis luzulae (Schröter)  Winter

Winter, Rbh. Krypt. Fl. 1(1): 120, 1881. -  Poly- 
cystis luzulae  Schrot, in Cohn. Beitr. Biol. Pfl. 2: 
380, 1877. -  Urocystis luzulae  (Schrot.) Schrot, in 
Cohn, Krypt.-Fl. Schles. 3(1): 279, 1889. -  Tuburci- 
nia luzulae  (Schröt.) Liro, Ann. Univ. Fenn. Abo. 
A. 1(1): 36, 1922. -  Type  on Luzula pilosa  (L.) 
Willd., Germany, Silesia, Jauer: Buschhäuser auf den 
Hessbergen, leg. Gerhardt.

Sori  (Fig. 4) in the leaves as several  cm  long 
greyish-black striae be tween  the veins,  often 
conf luent ,  at first covered  by the epidermis  
which  ruptu res  revealing the black,  pow dery  
mass  o f  spore balls. Spore balls  (Fig. 6 E) 
globose to ovoidal,  18-44 x 2 0 - 5 6  /xm in diam.,  
com posed  o f  1—7(—12) central spores  sur rounded 
by a cont inuous  layer o f  peripheral  sterile cells. 
Spores  globose,  subglobose to ovoidal ,  8-13.6  x 
(11.2—) 12— 16 /xm in d iam.,  with ches tnu t -b rown,
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Fig. 5. A: Urocystis tothii on Juncus com pressus. -  B 
Cross section through a leaf with sori.
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c. 0.4-0.6 p m  thick,  smooth  wall. Sterile cells  
variable in size and form, 4—12.8 p m  long, with 
dark brown, thick wall (c. 1.5 p m  laterally and
0.5-0.8 (am on the free surface) , col lapsed by 
drying.

Distribution: on Luzula  multiflora  (Retz.)  Lej.: 
Europe  (Denmark ,  n. v.).  -  L. pilosa  (L.) 
Willd.: Europe  (Czechoslovakia,  F inland,  G e r 
many,  N orw ay ,  Poland,  Soviet  Union,  Sweden,  
Switzerland).
Specim ens studied. On Luzula pilosa: (1) Syd. Ustil. 
138. Marchia, Nauen, Bredower Forst., VI. 1897, 
P. Sydow (BP, HUV, LE, S, UPS) -  (2) Syd. 
Mycoth. Marchica, 4720. Berlin, Jungfemheide, V. 
1898, P. Sydow (BP, HUV, S) -  (3) Suecia, Öland, 
Stora Rör, VII. 1908, G. Lagerheim (sub Tuburcinia 
luzulae (Schrot.) Liro) (HUV, S) -  (4) Kochman, 
Ustil. Poloniae, 44. Bronowice pr. Pulawy, 21.VI. 
1933, K. Jankowska-Barbacka (sub Tuburcinia luzulae 
(Schrot.) Liro) (S).

5. Urocystis tothii Vånky sp. nov.

Type on Juncus com pressus  Jacq., Hungary, Horto- 
bägy, Zampuszta near the village Nagyivån in Heves 
county, alt. c. 90 m, 19.VI. 1974, coll. S. Töth (BP 
holotype, BPI, HUV, 1MI, S, UPS isotypes).

Tuburcinia lagerheimii (Bub.) Liro var. obscura  
Liro, Ann. Univ. Fenn. Abo. A. 1(1): 35. 1922. -  Uro
cystis lagerheimii Bub. var. obscura  (Liro) Zundel, 
Ustilag. of the World: 323, 1953. -  Type  on Juncus  
gerardii Lois., Finland, Nyland, Helsinki, Lill-Bådö, 
VIII. 1915, J. I. Liro (!).
Soris  in foliis culmisque imrnersis, striiformibus, 
saepe confluentibus, brunneo-griseis, initio epidermide 
tectis, dein erumpentibus, atris, pulveraceis. 
Glomerulis  ± globosis, elongatis vel irregularibus, 
rufo-brunneis, 20-50 pm diam., e 1—8(—10) sporis 
fertilibus et numerosis cellulis exterioribus, plerumque 
stratum continuum efformantibus. Sporis ± globosis, 
ovoideis vel angularis, dilute usque profunde rufo- 
brunneis, (8—) 10.4-13.6 x (10.4—)11.2-16.8 p m  diam., 
episporio levi, 0.5-1.0 p m  crasso. Cellulis sterilibus 
globosis, ovoideis vel irregularibus, dilute brunneis 
usque brunneis, 4-12 gm longis, episporio levi cca. 
I p m crasso. Habit, in Junci com pressi  Jacq., 
Hungaria, leg. S. Toth, 19.VII. 1974. Holotypus 
depositus in BP, isotypus in BPI, IMI, S et UPS.

Sori  (Fig. 5) em bedded in the leaves and culms 
as long, brownish-grey striae between the veins,  
often confluent ,  covered by the epidermis,  
which when rupturing discloses the granular  
powdery,  blackish mass of  spore balls. Spore  
balls (Fig. 6 F) globose, subglobose to elongate 
or  irregular, redd ish-brown, chiefly 20-50 p m  
in diam.,  com posed  o f  1 —8(— 10) central  spores 
and a more or  less completely invest ing layer
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of  sterile cells.  Spores  globose,  subglobose,  
ovoidal or  s o m ew h a t  angular  in the interior  of  
the spore ball,  light to dark  reddish-brown,
(8—) 10.4— 13.6 x (]0.4—) 11.2—16.8 p m  in diam. ,  
with a sm oo th ,  0 .5-1 .0  p m  thick spore  wall. 
Sterile cells  globose,  ovoidal to i rregular , light 
to medium reddish-brown,  4—12 /xm long, with 
smooth ,  ab o u t  1 p m  thick wall. T h e  heavily 
infected plants  of ten remain sterile, or  have 
little deve loped  f lowers.

N ote .  A cco rd ing  to L i ro ’s descript ion (“ M ik ro 
skopisch sind die Sporenba ilen ,  was  F o rm .  
G rö s s e  und Aufbau  betrifft,  denjeniger der  Art  
vollkom m en gleich, abe r  die Sporen  haben  
kons tant  eine  m erkba r  dunklere  M e m b r a n . ”  . . .  
“ A usse rdem  scheint  der  Pilz etwas  anders  
au fzu t r e ten .” ) U. lagerheim ii  var . obscura  
should differ  from U. lagerheimii s. str. in 
having da rke r  spores  and a som ew hat  different 
charac te r  o f  the sores.  H o w e v e r ,  the type 
material (Fig. 6 D) is character ized  by small 
spores (11.2—) 12— 16 p m  against  (14.4—) 16—24 
(-27.2) p m  in U. lagerheimii.  As to the co lour  
there is no  significant difference.  This  fungus 
is similar to  Urocystis  tothii  and is here in
cluded in this taxon.  T h e  reason for  the 
discrepancy  be tween  the descript ion  given by 
Liro and the type o f  U. lagerheimii  var,  
obscura  is not known.  Could  it have been a 
confusion o f  herbar ium material,  o f  slides,  or 
was it something else?

Distribution:  on Juncus  com pressus  Jacq. :
Europe  (Hungary).  -  J. gerardii Lois. :  Europe  
(Finland).
Specim ens studied.  On Juncus  co m p ressu s : K. V ånky, 
U s til. 194. Hungaria, com it. Heves, pr. pag. N agyivån, 
Zåmpuszta in H ortobågy, 19.V I.  1974, S. T ö th  (BP, 
H U V , IM I,  S, UPS).

On J. gerardii: Fennia, N . H e ls ink i, L ill-B ådö ,
V I I I .  1915, J. I. L iro  (sub Tuburcinia lagerheimii 
var. obscura  L iro ) (H ).

Conclusion

Urocystis tothii  and U. lagerheim ii  both  paras i
tize Juncus  com pressus ,  but  they are well 
dist inguished by marked  differences in spore 
size and also in the sorus  characteris t ics .  
Morphological ly U. tothii  comes  closest  to 
U. luzulae. U . jo h a n so n ii  is character ised by 
the bulb-l ike sori and the low percentage  of  
one-spored  spore balls. U . ju n c i  is recognized.
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Fig. 6. Spore balls o f  Urocystis species. -  A: U. johansonii.  -  B: U. junci.  -  C: U. lagerheimii. -  D: U.
lagerheimii  var. obscura” . -  E: U. luzulae. -  F: U. tothii. — Xc .  800. Photo  K. Vånky.
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spores/sp.balls
Fig. 7. F requency  of different kinds of spore balls o f  Urocystis  species on Juncaceae.

i. a. ,  by the multi-sporal glomerules.  T h e  
descript ion o f  U . lagerheimii  var. obscura  does 
not  agree with  the type material,  and this 
fungus is here included in U. tothii.
A cknow ledgem en ts .  T he au thor expresses his sincere 
thanks to the D irectors  and C urators of herbaria 
from BP, BU CM , H , 1MI, L E , LD, M, S and 
U P S  for loans o f  the types and specimens, and to 
P rofessor J. A. Nannfeld t and D r  L. H olm  for 
reading the manuscript.

A d d e d  in proof.  T he  following additions to “ Speci
mens s tu d ied ”  under the respective species should be 
made.

U . johansson ii:  (1) also in BP and U PS; (3) the BP, 
H U V , S, U PS  copies contain only Tolyposporium  

junci;  (11) M ycoth .  fenn. 49. Fenn ia ,  O strobottn ia  
bor . ,  R ovaniem i, A laurokanen ,  1 .V II I . 1933, H. Roi- 
vainen & J. 1. Liro (BP, S, UPS).

U. junc i:  Collection (2) on Juncus  balticus, (2),
(5), (7), (11) on Juncus  fd iform is  also represented  in 
BP.

U . lagerheimii: (1) also in UPS.
U. luzulae:  (3) also in UPS.
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A m aurochaete  com ata  G .  L ister & Bråndzä, previously known from Rumania and 
F ran ce ,  is reported  from  Sweden. Although there have been very  few collections of 
A . com ata  and A. trechispora  Macbr. & M artin , interesting differences in the choice of 
substrate  betw een species of  Am aurochaete  can be traced. While A . atra (Alb. & Schw.) 
Rost,  and A. tubulina  (Alb. & Schw.) M acbr. occur predominantly on Pinus, the three 
existing records o f  A . com ata  were from A bies  and Picea. A .  trechispora, known only 
from a few localities in the U .S .A .,  has been found on Sphagnum ,  leaves and herbaceous 
stems.

Uno Eliasson, D epartm en t  o f  System atic  Botany, University o f  Göteborg, Carl Skotts-  
bergs Gata 22, S-413 19 Göteborg, Sweden.

A m a u ro c h a e te  com pr i ses  aethalioid,  somet imes  
on the verge o f  pseudoae thal io id ,  species with 
black spore mass.  The  genus  is closely related 
to Stem on it is  and  S ym p h y to c a rp u s , and the 
del imitat ion o f  the  three genera  does not  appea r  
al together  sat isfactory.

Besides the four  black-spored taxa  A .  atra 
(Alb. & Schw.)  Rost . ,  A . com ata  G .  Liste r  & 
Bråndzä ,  A. trechispora  Macbr .  & Mar tin  and 
A. tubulina  (Alb. & Schw.)  M acbr . ,  the brown- 
spored  A . fe rru g in e a  M acbr .  & Martin  was  also 
included in this genus  by  Mart in  & Alexopoulos  
(1969 p. 173), apparently  with reservations .  
T h e r e  have been different  opinions concern ing 
the generic affinity of  the last-named species 
and spec imens have been  referred to S tem onitis  
as well as to C om atricha .  Species intermediate  
be tween  A m a u ro c h a e te  on the one hand and 
S tem on itis  and C om atr icha  on the o the r  were 
referred by Ing & N an n en g a -B rem ek am p  (1967) 
to the new genus S y m p h y to c a rp u s . A . fe rrug inea  
was  regarded as conspecif ic  with Com atricha  

f la cc id a  M organ ,  for  which the new combinat ion 
S ym p h y to c a rp u s  f la cc id u s  (Morgan) Ing & 
N ann . -B re m .  was  proposed .  I agree with these 
au thors  tha t  A. fe rrug inea  has  more  in com m on  
with the ta xa  in Sym p h y to c a rp u s  than with the

species o f  A m a u ro ch a e te  mentioned above.  
Species of  A m a u ro ch a e te  s. str. have a black 
spore mass  and the spores are generally 12-15 
p m  in d iameter ,  whereas  A . ferrug inea  has a 
brown spore mass and the spores are generally 
8-10 /xm in diameter .

T he  poorly know n A . trechispora  has reti
culate-banded spores ,  while the spores in A .  
atra, A . com a ta  and  A. tubulina  are warted or  
spinulose.  T h e  three last-named species are 
distinguished from one ano ther  by the dif
ferent  s truc ture o f  their capillitia (Fig. 1).
Most of the observations on which the present paper 
is based were m ade during four years (1971-1974) of 
field studies carried out in a specially selected 
investigation area in the parish of Töllsjö, the province 
of Västergötland, S Sweden, but observations from 
o ther parts of S Sweden have also been taken into 
consideration. Previous reports  in the literature on the 
ecology o f  A m aurochaete  are cited.

A. atra and A. tubulina

Diagnostic  charac te rs  of  A. atra  and A. tubulina  
are the appea rance  and mode o f  branching of  
the capillitium. In A . atra  (Fig. 1 A) this 
consists  of  relatively broad  membranous  
strands,  the branch ing system o f  which is ir
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Fig. 1. Capillitium and spores of different species o f  A m a u ro ch a e te .  -  A: A. atra  (Eliasson 2890). -  B: A.  
tubulina  (E. 2601). -  C: A. com ata  (E. 2847).

regular  but  principally fan-shaped;  the branches  
becom e  th inner  towards  the periphery  and may 
an a s to m o s e  and form a net -work in the outer  
part.  In A .  tubulina  (Fig. 1 B) the capillitium is 
normal ly  more  del icate with circinate,  anas to 
mosing s trands  forming a net -work ,  often with 
m e m b ran o u s  expansions at the junct ions .

A .  atra  and /4 ,  tubulina  have a similar ecology 
and may occur  together on the same substrate,  
as prev ious ly  noted by N annenga-B rem ekam p  
(1960 p. 81, 1974 p. 181). She has reported one 
case  (Ing & N annenga-B rem ekam p 1967 p. 224) 
w he re  fructif icat ions of  the two species were

found in int imate con tac t  with one  another .  
As  has been  no ted  previous ly  by several  
au thors ,  both species occur  mainly on coni ferous 
bark and wood ,  but it should be no ted that 
Kowalski  & Cur t i s  (1968 p. 248) have reported  
A. atra  (sub nomine A . fu l ig in o sa )  f rom Cal i 
fornia on the bark o f  Q uercus lobata  N eé .

During  four years  o f  field work  I made al together  
ca 45 records  of  A . atra  and  A . tubulina.  
M ost  o f  the records  compri sed  several  aethai ia  
occurr ing  toge ther  on the same subs t rate.  In all 
cases recorded  the species were  found on the

Fig. 2. A: A m aurochaete  tubulina. P lasmodium developing in im mediate con tac t  with a m ature aethalium (the 
black m ass to the left) of the same species on a stump of Pinus sylvestris. T he  plasm odium  is ca  30 mm in 
ex ten t  from left to right. Töllsjö parish, 1973-06-20. T w o  days later the p lasmodium had developed  into a m ature 
fructif ication  covering a large part o f  the first one. -  B: A . atra. Aethalium  on the cu t surface o f  a Pinus  stump. 
T h e  dark  patches on both sides of the aethalium are black spore m ass deliberated  from disintegrating fruc
tifications o f  the same species. T he stick in the lower part o f  the picture is 5 cm long. Kullings-Skövde parish, 
1971-06-11. -  Photo: U no  Eliasson.
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wood and bark  o f  pine (Pinus sylvestris  L.),  
al though spruce  (Picea abies  (L.) Kars ten) was 
the dominan t  t ree species in the area  and several 
species o f  deciduous  trees were also present .  
Typical  habi ta ts  for  the two A m a u ro ch a e te  
species were  fallen or  erec t  dead pine stems,  
pine s tum ps ,  and cut surfaces of  pine logs. The  
species can  also be found on e. g. fresh and un
impregnated pine boards .  T h e  occurrence  on 
fresh and  undecayed  wood  is an uncommon 
p henom enon  among M yxom yce tes  with large 
fruct ificat ions,  S ym phy tocarpus  f lacc idus  being 
an exception .  M y observat ions  on the preference 
o f  the tw o  A m a u ro ch a e te  species for  Pinus  as 
substrate  agree well with those o f  Macbr ide 
(1922 pp. 150, 151), who remarked  that A . atra  
(sub nomine  A. fu l ig in o sa )  is p robably  not un 
com mon in N o r th  A m er ica  “ w herever  pine 
forests  o c c u r ” and that  A . tubulina  developed 
abundan t ly  “ on the recently decort ica ted  logs of  
Pinus p o n d e ro s a ” . In this connection it may 
be po in ted ou t  that  N an nenga-B rem ekam p  (1974 
p. 181) has recorded  an undescr ibed species of  
A m a u ro ch a e te  f rom the N ether lands ,  col lected 
together  w ith  A. atra  on a newly felled pine.

Within and  in the vicinity of  the invest igat ion 
area  I have  recorded  the two species from the 
middle o f  M ay  to the first half  o f  October .  
T h e  latest observat ion  o f  a plasmodium is from 
the first half o f  Sep tember ,  but  since mature 
aethal ia a re  fragile and  soon disintegrated by 
beetles or  heavy rain the aethal ia found in 
O c tober  can  be p resumed to have  developed  
a few days  before they were found. Although  
the species may be found during a relatively 
long vegetat ion period most  fructificat ions d e 
velop in M ay  and Ju n e ,  often in open localities 
such as sun-warm ed s tumps and logs of  Pinus. 
In choice o f  subst rate as well as in time o f  
appea rance  the two species have much in c o m 
mon with S ym phy tocarpus  f lacc idus ,  as noted 
by Fries  (1912 p. 771).

In the ir  growth  and  development ,  the plas- 
modia m uch  resemble those of  Reticularia  
lycoperdon  Bull.,  as descr ibed by S unhede  
(1973). T h e  plasmodium,  or  at least early 
stages o f  it, seems to deve lop mostly in cavit ies 
in the w ood ,  or be tween  the bark and the wood.  
T h e  plasmodial  mass  then moves  on to the 
surface o f  the subs trate.  F is sures  or  insect 
tunnels  a re  general ly found when the subst rate 
under  a developing plasmodium or  a fruct if ica

tion is exam ined .  P lasmodia  somet imes  deve lop  
in int imate contac t  with matu re  fruct ificat ions 
(Fig. 2 A),  somet imes  partly covering these.

A p la sm odium emerging  be tween  the w o o d  
and the bark  on a Pinus  s tump is shown in Fig. 
3 A. This  p la sm odium developed  on the same 
s tump as and simul taneously with that  in Fig.  
2 A. W h e n  the bark  was  loosened  from the 
wood  a large plasmodial  mass  was  found on  the 
wood behind the bark  (Fig. 3 B) as well as on 
the inner  surface o f  the bark.  F o r  experimenta l  
purposes  the plasmodial  mass  was  rem oved  
from the wood,  bu t  small rem nan ts  were  still 
p resen t  in cracks  and hollows (Fig. 3 C).  O ne  
hour  la te r  a  plasmodial mass  ca  2 cm across  
and c a  1 cm in max im um  th ickness had em erged  
on to the w ood (Fig. 3 D). Th is  p lasmodium 
did not  produce fruct ificat ions but developed  
into a black and b row n ,  shrunken ,  asporogenic 
structure .  This  s tructure  developed  quite 
ex posed  to the sun during a dry period.  It  is 
not  possible to decide w he the r  this s truc ture  
was due  to desiccat ion or  w he the r  it was  due  to 
the d is tu rbances  caused  by my observations .

A s  long as the plasmodium increases  in size 
it is coral loid in appea rance  and the surface 
is in the form of  rounded papillae (Fig. 2 A). 
Before the fructificat ion the surface becom es  
smooth .  A  pla smodium normally deve lops  into a 
ma tu re  aethal ium in a couple o f  days  during 
favorable field condi t ions ,  bu t  the maturat ion 
is easily dis turbed by unsuitab le wea ther .  H e a v y  
rain spoils the plasmodium. A s  mentioned  pre 
viously mature aethal ia  are very  fragile and are 
easily smashed to pieces by heavy  rain. Th is  is 
probably  an impor tant  fac tor  in the dispersal  of  
the species.  Small beet les  are often seen in 
ma tu re  fructif icat ions,  making holes and tunnels  
in the fruiting body.  T h e  insects  are probably 
impor tan t  for  the dispersal  o f  the species,  not 
only by serving as dispersal  agen ts  for  the 
spores ,  but  also indirectly by disintegrat ing 
the fruiting body so that the spore  mass becom es  
exposed  to the wind.  Dur ing  periods  with little 
or no precipi tat ion the capilli tium or  other  
rem nan ts  of  the fruit ing body  can be seen  on 
the subst rate for  days  and even  weeks  (Fig. 
2 B).
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Fig. 3. A m aurochae te  sp. Most probably this species is A. tubulina, but the plasmodium never developed 
into a m ature fructification (see text). -  A: P lasm odium  pouring out between the wood and the bark  on the 
same Pinus  s tum p as that  in Fig. 2 A and ca  10 cm from the plasmodium shown in that figure. Töllsjö parish, 
1973-06-20, at 20.30. -  B: Parts o f  the same plasmodium on the vertical wood surface exposed by removal of the 
bark. Sam e date ,  at 21.00. -  C: T h e  wood surface after most o f  the plasmodial mass has been taken  away. 
Plasmodial m ass is still p resent and pouring out from  cavities in the wood. Sam e date, at 21.05. - D :  T h e  same 
wood surface photographed at 22.05. A plasmodial mass ca 2 cm across and ca  1 cm in maximum thickness 
has poured out from the wood. -  x  1.3. Photo: U n o  Eliasson.
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A. comata

A. com ata  is apparently a rare species. It was 
described  by  Lister  & Bråndzä  (1926 p. 225) on 
material f rom Rumania  and for nearly five 
decades  was know n only from the type locality. 
In 1973 Keller  & C andoussau  (1973 p. 118) 
reported it from France.  A Swedish  find is here 
reported: Sweden ,  Västergöt land ,  Töllsjö
parish,  Bohult ,  on log o f  Picea abies, 24 July 
1971, E l ia sson  2847 (GB).

A . co m a ta  resembles A. atra  and A. tubulina  
in the size and  ornamenta t ion of  the spores,  
but differs f rom the two last-named species in 
its different  capillitium, which consists  of  
narrow,  s lender ,  circinate threads.  The  differ
ences in the capillitial s tructure appear  quite 
clearly when capillitia of  the three species are 
seen under  the same magnification (Fig. 1). 
T h e  capillitial threads  in. the Swedish collection 
of  A . co m a ta  are ca 1 /xm thick (0.5-1.5 /am) 
(Fig. 1 C) with wider membranous  expansions 
at the joints .  T h e  spores are 12-13 /xm in d iame
ter.

While A. atra  and A. tubulina  predominant ly  
form fructif icat ions on Pinus, the three col
lections o f  H.  com ata  known so far have been 
made on A b ies  and Picea.  The  type  collect ion 
from R u m a n ia  and the F rench  collect ion were 
made  on the trunk of  storm-fel led Abies  alba  
Miller  ( =A .  pec tina ta  (Lam.)  DC) (Keller & 
C a ndoussau  1973 p. 118). M y  Swedish specimen 
was  collected on a log o f  Picea  - abies  felled 
about  two years before the collect ion was  made.  
Whit ish-yellow plasmodia of  coral loid appea r 
ance were  seen  on the bark  and in fissures in 
the bark on the upper side of  the log on July 17, 
1971. W hen  the locality was visited one week 
later a  single ra ther  scanty fructification was 
found. T h e  specimen  was  inconspicuous  against 
the dark bark  and would no doubt  have been 
over looked  if the position of  the plasmodia had 
not been marked .

Pro fesso r  Harold Keller  kindly examined  a 
piece o f  my collect ion and agreed with my 
determination.  H e  com m ented  upon my speci 
men: ” . . .  T h e  capillitium and spores are
identical to our  specimen from France .  . . .  I 
would predic t  tha t  this tree was recently blown 
down and not  well decayed.  This  species is a 
t rue cor t i co lous  M y x o m y c e te ”  (Keller in litt.).

A. trechispora

A . trechispora  M acbr .  & Martin differs from 
other  know n species  of  A m a u ro ch a e te  in its 
re t icu la te-banded  spores.  I t  was regarded  by 
Hagelstein (1944 p. 146) as a phase  o f  S tem on itis  
trechispora  (Torrend) M acbr .  Brooks  & 
Kowalski  (1965 p. 136) no te d  the differences in 
size and co lour  o f  spores  from an aethal ium 
o f  A. trechispora  on the one  hand and from 
fructificat ions o f  S. trechispora  on  the other ,  
but  rem arked  that " S .  trechispora  was  fruit ing 
abundantly in the a rea  at the t ime,  and it is quite 
possible tha t  this spec imen  [A. trech isp o ra ] 
represen ts  mere ly a phase  of  the lat ter  species 
[S. tre c h isp o ra ]" . H o w e v e r ,  Ing & N annenga-  
B rem ekam p  (1967 p. 219, p. 221 Fig. 3 D ,  E) 
have shown the str iking difference in the spore 
o rnamenta t ion  be tween  A . trechispora  and S. 
trechispora  ( s u b n o m in t  S ym p h y to c a rp u s  trechi- 
sp o ru s ), the  fo rm er  species having large-meshed 
spores with 3 -4  m eshes  across the diameter ,  
the latter  having smal l-meshed  spores with about  
12 meshes  across  the diameter .

A. trechispora  seems to differ from the o ther  
species in the genus in its cho ice o f  subst rate.  
While the lat ter occur  predominan tly  on conif
erous bark  and  wood ,  A . trechispora  has been 
recorded  on  S p h a g n u m ,  leaves and herbaceous  
stems (Macbr ide & Mar tin  1932 p. 89, Mart in 
1949 p. 69). T h e  species is known only from 
Ontario  and M assa chuse t t s  (Martin & Alexo- 
poulos 1969 p. 174), and Michigan  (“ on m o s s ” ; 
Brooks & Kowalsk i  1965 p. 136).

A cknow ledgem ents .  1 am indebted to P rofessor Harold 
Keller, Wright State University ,  D ayton , O hio , for 
confirming my determ ination of A m aurochaete  
com ata .  P ro fessor  Ian T ho rn to n ,  La T ro b e  U n iv e r
sity, B undoora, Victoria, Australia, kindly checked 
the English.
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Scyphopappus B. Nord, is Argyranthemum Webb ex Sch. Bip. 
(Compositae-Anthemideae)
Bertil Nordenstam

N ordens tam , B. 1977 01 28: Scyphopappus B. Nord. is Argyranthem um  W ebb ex Sch. 
Bip. (C om positae-A nthem ideae).  Bot. N o tiser  129: 427-428. S tockholm. ISSN  0006-8195.

T h e  recently described  m onotypic genus Scyphopappus  B. N ord .  (C om positae- 
A nthem ideae) was based on a single collection allegedly from South  Africa. This specimen 
has now been identified as A rgyran them um  fru tescens  (L.) Sch. Bip. from the Canary  
Islands. Scyphopappus  B. N ord ,  becomes a synonym o f  A rg yra n th em u m  W ebb ex Sch. 
Bip., a genus restr ic ted  to M acaronesia . A  parallel is drawn with the likewise monotypic 
genus Pachyrhynchus  D C. (Com positae-Inuleae). T he  single specimen of supposed South 
African origin has proved  identical to the South A m erican Lucilia acutifolia  Cass.

Bertil N ordenstam , Sec tion  f o r  B o ta n y , Swedish M useum  o f  N a tura l  History, S-104 05 
S tockho lm  50, Sw eden .

In my recent  rev ision o f  C hrysan them um  in 
South  Afr ica  (N ordens tam  1976) five new genera 
were  es tabl ished,  including the monotypic  S c y 
p h o p a p p u s  B. N o rd .  T h e  latter  was  based  on a 
single collect ion al legedly made by T hun b e rg  in 
South  Africa.  In spite  of  the meagre material the 
detai led morphological  s tudy clearly showed 
tha t  it was not  congener ic  with any known 
Afr ican  genus o f  the  tribe A nthemideae .  T o  
acc o m m o d a te  the species,  which was known as 
C h rysa n th em u m  thunhergii H a rv . ,  it was  
deem ed  necessary  to establish a new genus,  
partly in the hope  that  new material  would 
em erge and help clarify the affinities.

F o r  macro-morphological  and geographical  
reasons  a relat ionship  with the M acarones ian  
A rg yra n th em u m  w as  not seriously considered.  
T h e  slender unb ranched  peduncles and the leaf  
shape  o f  S c y p h o p a p p u s  seemed to  make  a closer  
compari son  unnecessary .  H o w e v e r ,  some 
striking micro-morphological  s imilarities in
duced me to a renew ed  scrutiny with un 
expec ted  results.  T h e  type of  Scyp h o p a p p u s  
fru te sc e n s  (Less.)  B. N ord . ,  l ikewise type of  
C hrysan them um  thunhergii  Harv . ,  p roved  to be 
a som ew ha t  atypical  specimen o f  A rgyran the
m u m  fru te sc e n s  (L.) Sch.  Bip. A m ong  the seven

subspecies recognized by H umphr ies  (1976) 
s s p . f ru te scen s  seems to fit best.

A rgyran them um  fr u te sc e n s  is normally a 
richly branching plant with bipinnatisect  leaves 
and co rym bose  inf lorescences.  H a rv e y  (1865) 
in his descript ion o f  C hrysan them um  thunhergii 
specifically excluded  from the synonymy the 
basionym of  A. fru te sc e n s  by citing, ” C. 
frutescens,  T hunb . !  Cap .  693 (non Linn .)” , and 
he descr ibed the peduncles  as ” terminal ,  very 
long, naked ,  1-headed” . H o w e v e r ,  forms of  
A. fru te sc en s  with unbranched  peduncles  do 
occur,  and a close examinat ion of  the type of  
Scyphopappus  fru te sc en s  revealed  at least one 
leaf  with secondary  leaf- lobes. O f  greater  im
por tance  are similarities in involucre,  receptacle,  
and achenes  (he te romorphy ,  three wings,  no 
secretory canals).

T h e  identity of  S cyp h o p a p p u s  fru te sc en s  
with A . fru te sc en s  was  further  conf irmed by a 
study o f  micro-morphological  floral characters .  
Both have the same type o f  floral glands with 
a large terminal cell on a mult icel lular stalk, 
rays with a colliculate upper  surface,  a swollen 
style base  partly immersed  in a broadly cylindric 
nectary ,  f ilament collars  with enlarged  basal 
cells, non-polarized endothecia l  tissue,  and
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perfect ly similar pollen grains (studied on 
aceto lysed material of  both  taxa).

In conclusion S cyphopappus  B. N ord .  is 
reduced to a synonym o f  A rgyran them um  
W ebb  ex Sch. Bip. Since the latter  is strictly 
M acarones ian ,  T h u n b e rg ’s specimen  was ei ther  
introduced into South Africa or, more  likely, 
its s tated origin is false.

A parallel case is afforded by the monotypic  
genus P achyrhynchus  D C.  P. xeran them oides  
DC. was based on a single collect ion allegedly 
from South Africa,  and  the capi tula were  
described as homogamous  (De Candolle 1837 
p. 255). A few years ago I identified the speci 
men as Lucilia acutifolia  C ass . ,  a South A m er i 
can species with he terogamous  f lowerheads.  
This  reduction of  another  monotyp ic  South 
African genus to synonymy remained u n 
published,  until it was incidentally mentioned

by Hill iard & Burt t  (1973 p. 308) and  recent ly  
recorded  by D y e r  (1975 p. 681) without  re ference  
to any source ,  however .
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New records of pteridophytes from the Galapagos Islands
Henning Adsersen

A dsersen , H. 1977 01 28: N e w  records of pteridophytes from the Galapagos Islands. 
[Contribution no 196 from the Charles Darwin Foundation  for the Galapagos Islands.] 
Bot. N o tiser  129: 4 2 9 ^ 3 6 .  S tockholm. ISSN 0006-8195.

Lycopodium  phylicaefolium  D esv . ,  O phioglossum pa lm a tum  L ., Grammitis delitescens  
(Maxon) P roctor and Woodsia m ontevidensis  (Spreng.) H ieron. are reported  as new to the 
G alapagos Islands. N e w  finds expand the known range o f  E quisetum  bogotense  H B K  and 
Lycopodium  setaceum  Lam. subsp. galapagense  O. Ham. T he  spore morphology of the 
latter is discussed.

Henning A d sersen , Institute o f  Plant Ecology, University o f  Copenhagen, 0 s t e r  Farimags-  
gade 2 D, DK-1353 Copenhagen K, D enmark.

T h e  co llect ions and observat ions reported below 
were  m a de  in 1974 during my stay as U N E S C O  
A ssoc ia te  E x p e r t  in plant  ecology at the Charles  
D arwin  R e s e a rc h  Stat ion, Islas Galapagos,  
E cuador .  T h e  nomenclature  is in accordance  
with Wiggins & Por te r  (1971).

Equisetum bogotense HBK

Collections studied:  Isla Fernandina, A dsersen 577 
(C, CDS); H am an n  2367, 2451 (C).

This  species has  previously been reported from 
Isla Isabela only.  It also occurs on Isla 
Fernand ina .  O u r  collect ion was  made at 900 m 
on the main SW slope (inclination c. 20°) 
in a D a rw in io th a m n u s- fe rn  pioneer vegetat ion 
on fine volcan ic  ash.  D. W ebe r  observed  it on 
the SE  slope in 1972, and according  to H am ann  
(pers. c o m m .)  it is com mon on the S -S W  slope 
o f  C er ro  Azul  at altitudes from 500 to 920 m 
and on the E  slope at 900 m.

Grammitis delitescens (Maxon) Proc to r  -  Fig.
2 C - D

Proctor, Bull. Inst. ,  Jam aica, Sei. Ser. 5 p. 36 (1953) -  
Polypodium delitescens  M axon, Bull. Torr . Bot. 
Club 32 p. 74 (1905). -X ip h o p ter is  delitescens  (Maxon) 
C opeland , A m er. F e m  J. 42 p. 51 (1952).

Polypodium myosuroides  sensu Jenm an, Bull. Bot. 
Dept. Jam aica  2 (4) p. 112 (1897), non Swartz 1788. -  
Grammitis m yosuroides  sensu Schkuhr, Krypt. G ew. 
PI. 7 (1804). '

F o r  a detailed discussion o f  the identity of  the taxon 
see M axon (1914), and for a recent discussion o f  the 
taxonom ic rank of the name Grammitis,  see Morton 
(1967).

Collections studied: Santa C ruz, Coralon Valley, 
A dsersen  146 (C, CD S), 973 (C); Little Puntudo 
C rater ,  A dsersen  147 (C).

Small epiphytic fern,  with short  ascending-  
e rec t  rhizome, up to 1 cm long, c. 1 mm thick,  
densely invested with dark  brown fibrous roots,  
0.2 mm in d iameter ,  with numerous  lustrous 
tan acicu lar  hairs, up to 0.6 mm long. Root 
and fronds appearing between nearly imbricate 
scales,  these narrow deltoid to lanceolate,  c.
1 mm long, 0.3 mm wide; joining cell walls 
th ickened ,  black; cell lumina translucent .  Fronds  
many,  fasciculate, up to 10 cm long, stipes short,  
less than 1.5 cm long, c. 0.2 mm broad,  stipe 
and rachis  dark  b rown to black with scat tered  
hyaline to lustrous tan setae,  0.20-0.25 mm  
long.

Lam ina  green,  linear, s lowly at tenuating 
basally and apical ly,  pinnatif id-pinnatisect,  
width 1.5-3 mm; segments  al ternate to sub
oppos ite ,  obtusely unevenly del toid,  dorsal-

29 -  B otaniska N o tise r  129:4
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distally of ten with a  somewhat darker  chondroid  
trace.

M ost  f ronds  fertile on the upper  1/3 to 2/3 
of  length,  morphology o f  fertile par t  little or  not 
a t  all different  from sterile part ,  indusia absent ,  
sori da rk  orange to brown,  more  or  less c o n 
fluent  axially on ventral  side o f  lamina; distal 
third of  fertile segments  sterile. Sporangia about  
0.2 mm  in d iameter ,  on thin stalk 0.1-0.2 mm 
long, hyaline exce p t  for  brown thickened walls 
of  annulus  cells,  these 11-13 in number.  Spores 
green,  spherical  with a finely verrucous  surface,  
35-41 fxm in diameter .

H abita t:  T h e  plant  was first found in a valley 
immediate ly  S of  C erro  Cora lon ,  Isla San ta  
Cruz ,  in a lush 2-3 m tall scrub covering the 
lower par ts  of  the slopes (c. 650 m). Dom inan t  
l igneous plants  are A cn is tu s  ellipticus  ( > 5 0 %  
cover) ,  Psycho tr ia  rufipes  (c. 20 %), Tourne-  

fo r tia  p u b e s c e n s  (c. 10%) and C yathea  weather-  
byana  (few specimens).  T h e  herb cover  was 
very dense  and com posed  mainly o f  Jaegeria  
crassa, E upa tor ium  p ycn o cep h a lu m , A lternan-  
thera halim ifolia , Pilea baurii, C om m elina  
diffusa, A g era tu m  conyzo ides,  E la terium  
car thagenense , Ctenitis pleiosora  and H ypo-  
lepis hostilis.

All w o o d y  b ranches  were densely invested 
with epiphytic mosses ,  l iverworts  and vascular  
plants  (E p idendrum  sp ica tum , Peperom ia  gala-  
pagensis ,  A sp len iu m  auritum , A . p raem orsum ,  
P olypod ium  a n g u s ti fo l iu m , P. steirolepis  and 
H ym en o p h y l lu m  lehmanii).

G. de litescens  was  growing on A cn is tu s  and 
was of ten hal f-covered by the b ryophyte  mats. 
Despite  careful search  we did not find it on 
b ranches  o f  o the r  species.  A cn is tus  ellipticus  
is general ly a very  good subst rate for  ep iphytes  
in t h e G a l å p a g o s  Islands.

The  p resence  o f  A cn is tu s  scrub in this locality 
is remarkab le .  Although it lies within the altitu- 
dinal range of  the impor tan t  humid-zone woody 
species (Scalesia  peduncu la ta ,  Z a n th o xy lu m  

fa g a ra ,  M iconia  robinsoniana  and P sidium  
galapage ium ),  they are virtually absent .  T w o  
explanat ions  seem to be applicable.  (1) Relat ive 
humidity may be kept  cons tant ly  high due to 
the pro tec t ion f rom the high sur rounding cones  
(Coralon c. 750 m). This  may st imulate the 
epiphytic growth  to such an ex ten t  that it 
becom es  serious for the phorophytes .  A cn is tu s

seems to  be able to survive due to lateral twigs 
penet ra t ing  the ep iphyte cover  on the thick 
b ranches  (NB: the drawing of  A. ellipticus  in 
Wiggins & Por te r  (1971) is misleading with 
re spec t  to habit) . -  (2) T h e  presence  o f  A cn is tu s  
scrub  may be due to edaphic condit ions.  
While pH is low (4-5) in the fern zone  and 
M icon ia  scrub and high (7-8) for Scalesia  forest,  
the A c n is tu s  scrub has an intermediate value (6). 
P ho s p h o ru s  content  is very  high in the  A cn is tu s  
scrub  (962 ppm; ex traxted with 0.2 N  H 2S 0 4). 
This  is the highest  value recorded on S a n ta  Cruz ,  
excep t  for  sites influenced by fire or  birds. 
C o r re spond ing  values for  M iconia  scrub:  200 
ppm; fern zone and Scalesia  forest show  200- 
500 ppm.

A n o th e r  locality for  G. delitescens  is a small 
c ra te r  c. 500 m N  o f  the Puntudo  pass.  The  
c ra te r  has a very  lush vegetation with large 
ferns (H ypolepis, D ennstaed tia ,  P ter id ium ,  
Ctenitis, C ya thea , Thelypteris  and D iplazium )  
and sca t t e red  trees (Scalesia p eduncu la ta ,  
Z a n th o x y lu m , Tournefortia  spp. and A cnis tus) .  
T h e  lower parts  o f  this crater  may have  a local 
cl imate similar to that  o f  the o ther  locality. 
H e re ,  too ,  G. delitescens  grows exclusively 
on A cn is tu s  b ranches  am ong  bryophytes .

A lm os t  pure stands  of  A cnis tus  with the 
b ranches  covered  with epiphytes have also 
been observed  along the trail from S an ta  Rosa 
to L a  C as i ta  on the main SW slope o f  Isla Santa  
Cruz .  N o  G ram m itis  was  found,  but  I have 
exam ined  the locality only very  superficially.

D istribution:  Jamaica ,  Cuba ,  Mexico ,  G u a t e 
mala,  H o n d u ra s  and Colombia.

T h e  only G ram m itis  species previously recorded  
from the G alåpagos  Islands is G. serrulata  
(Sw.)  Sw. (Eliasson 1970). It is easily distin
guished from G. delitescens  by the strong differ
entiat ion be tween  the sterile and fertile part o f  
the frond.

I llustrat ions (Maxon 1914) and a descrip t ion 
(Jenman 1897) o f  this taxon fit our collect ions 
ex tremely well, and the key in Copeland  (1952) 
also leads to this species.  There fo re  I do not 
hesitate to identify our  collect ions with G. 
delitescens,  a l though I have seen no o ther  
herbar ium specim ens  o f  this taxon.
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Fig. 1. SEM  m icrophotographs o f  Lycopodium spores. -  A -D : L. setaceum subsp. galapagense. -  E: L. 
reflexum. -  F: L. dichotomum. -  A: Adsersen 972 (Santa Cruz). -  B: Eliasson 1245 (Alcedo, Isabela). -  
C: A dsersen  1255 (Pinta). -  D: Adsersen  1069 (San Salvador). -  E: Adsersen 1312 (Santa Cruz). -  F: A dsersen 
733 (San Cristobal). -  G-I: L. phylicaefolium (Adsersen 731). -  G: Spore tetrad. -  H: Distal side of spore 
showing foveolate ornam entation . -  I: Proximal side of spore. -  Scale units 10 /xm. A -F  are o f  equal magni
fication.

29* -  B otan iska  N o tise r  129:4
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Table  1. Spore  d iam eter (/xm) of Lycopodium  
setaceum  subsp. galapagense. -  N num ber of 
collections exam ined , n num ber of m easurem ents.

Origin N n M ean SD Max Min

Galåpagos 8 43 38.5 3.1 46.2 33.7
Santa C raz 3 11 35.8 1.8 40.3 33.7
San Salvador 3 14 37.4 1.8 39.5 33.7
Pinta 1 6 39.2 1.8 42.3 37.5
Isabela: A lcedo 1 12 42.0 2.8 46.2 38.7

Lycopodium setaceum Lam. subsp. 
galapagense O. Ham.

Collections studied:  Isla Santa C ruz, Adsersen 178, 
626, 972 and 1297 (all in C) -  Isla Pinta, A dsersen 
1255 (C) -  Is la  San Salvador, A dsersen 1023, 1035, 
1061 and 1069 (all in C); H am ann  2021, 2045 and 2107 
(all in C) -  Isla Isabela, Volcån Alcedo, Eliasson 
1245 (S).

This taxon was  described from Isla San Salvador  
by H a m a n n  (1974 b). It occurs ,  however ,  also 
on o ther  is lands within the archipelago. We 
found it at several places on Isla San ta  C ruz  
in the upland  Scalesia  fores t  from 600 to 700 m, 
growing on Scalesia  peduncu la ta  and Acnis tus  
ellipticus, and  at one  locality on Isla Pinta in an 
upland  Z a n th o x y lu m  fa g a ra  forest (550-600 m). 
We have also observed  it at 800-1000 m on 
Volcån  A lcedo ,  and it has been collected there 
by H. van der  Werf f  (pers .  comm.)  and Eliasson 
(Eliasson 1245). H ow ever ,  its r ichest  occu r 
rences are on Isla San Salvador,  where it occurs  
from 750 to  900 m on the main S slope in a 
Scalesia p ed u n c u la ta -Z a n th o x y lu m  fa g a ra  for 
est.

T h e  reason  why it has not previously been 
reported f rom islands o the r  than Isla San Salva
dor may be that young specimens  are fairly 
similar to depaupera te  specimens  of  L. dicho-  
to m u m  o r  L . reflexum .  T hese  have initially 
erect g rowth ,  while L. se taceum  subsp.  g a lapa 
gense  is initially ascending or  decum bent ,  and 
later on becom es  pendant .

SEM photographs  of  spores reveal o ther  
differences.  T h e  spores of  L. d icho tom um  are 
comple te ly fossulate and those o f  L. reflexum  
foveolate,  while the spore surface in my material 
o f  L. se ta ce u m  subsp.  ga lapagense  shows a 
fossulate marginal zone and a foveate central  
part (Fig. 1 A -F ) .

H a m a n n  (1974 b) s tates that spores  from L.
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se taceum  subsp.  se ta ce u m  show a variat ion 
from typically foveola te  o rnamenta t ion  to 
pat terns  similar to those  seen in our  specimens ,  
w hereas  in his spec im ens  of  subsp.  g a lapagense  
the o rnamenta t ion  is more  fossulate.  O u r  m a
terial is morphological ly identical with 
H a m a n n ’s collect ions o f  subsp.  ga lapagense  
and it is col lected o v e r  a wider geographical  
and phenological  range.  M y observat ions  to 
gether  with H a m a n n ’s statement lead to the 
conclusion tha t  spore  ornamenta t ion  in L. 
se taceum  subsp.  g a lapagense  is variable.  T h e  
spore surface  may be described as almost  
entirely fossulate to fossulate in the margins 
and foveola te in the central  parts .  T h u s  the 
ranges of  spore o rnamenta t ion  in subsp.  
se taceum  and subsp.  ga lapagense  overlap.
SEM  studies of  L ycopod ium  spores were made with 
a Cambridge S tereoscan  M K  II A at the Geological 
Central Institute, C openhagen . Samples of  spores 
were placed without any fixative on specimen stubs 
and covered with a gold layer.

Spore m easurem ents  have been taken from SEM  
photographs in two ways: (1) D irect m easurem ent 
on single spores, where  the photographs apparently  
show a projection o f  the largest dimention. (2) 
M easurem ent o f  tetrad diam eters  D and calculation 
of the basal side K in the te trahedron included in 
the spore, by the formula K = D s i n  54.735 (54.735 
being half the top angles in the spore). This  side 
closely approxim ates the maximum diam eter in single 
spore projection, and as the tetrad d iam eter is un 
changed by projection in the plane, this method 
may be advantageous to the first one. H ow ever ,  
there was no significant difference between results 
obtained by the two m ethods.

Spores from two collections were m easured also 
in a light microscope. T hese  m easurem ents  were 
used to adjust SEM m easurem ents  to p m .  This  was 
necessary since magnification factors of the SEM 
photographs were only approxim ate .

Spore m easu rem en ts  from our  collect ions are 
presented in Tab le  1. T h e  spore sizes fall 
within the lower ha l f  of  the range (35-47 p m )  
presented by H a m a n n  (1974 b). T h e  spores  from 
the Pinta and Alcedo spec imens  seem to be 
somewhat larger  tha t  than those from the Santa 
Cruz  and San Salvador collect ions.

Lycopodium phylicaefolium D e s v a u x  -  
Fig. 2 E - G

Desvaux in L am ., Enc. M éth. Bot. Suppl. I l l  p. 546 
(1813). -  Urostachys phylicaefolius  (Desv.) N essel,  
Bärlappgew. p. 246 (1939).

Collection studied: Isla San Cristobal, El Junco . 
Adsersen 731 (C).
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Small pendan t  epiphyte.  Branches several  
times d icho tom ous ,  5 cm long, 0.8 mm in d iam
eter ,  steri le ones  reddening apically; leaves 
ovate to  lanceolate,  at tenuate,  1.2-1.6 mm wide,  
3.5-5 mm long,  light ol ive-green,  twisted at 
base so  that the shoot  has a dorsiventral  
f lat tened appea rance ,  stalk slightly decur ren t .

Fer t i le  parts  spike-like, s tout,  b ranched  sev 
eral t imes dichotomously ,  tere te to subtetrago- 
nous,  up to 3 cm long, 1.7-2 mm wide; sporo- 
phylls dense ,  apically broadly cordate,  aciculate,  
midrib prominent ,  almost  forming a keel, about  
1 mm long and 1 mm wide,  towards  sterile part  
gradually becoming longer,  nearly lanceolate,  
2-3 m m  long, resembling sterile leaves. S po r 
angia lenticular ,  pale yel low, 1 mm in diameter .

Spore  te trads  globular , dividing into rounded  
te trahedra l  spores;  spores with distal faces 
rounded,  foveolate,  proximal faces plane,  
smooth  without  ornamenta t ion ;  largest spore 
d iam ete r  37 (35-40) p m (measured on SEM 
photographs  as described above),  spores o f  the 
P hlegm aria  type  (Wilce 1972). Fig. 1 G - I .

It is with some hesitat ion that  I refer  this 
collect ion to L. phylicaefo lium .  It fits quite 
well the  descr ipt ions  by Desvaux  in Poiret (1813 
p. 546) and Nesse l  (1939), but  it might be a 
depaupe ra te  L . subu la tum  D esv .  The  reason 
why I prefer  to call it L. phylicae fo lium  is the 
90° dis tort ion of  the leaf  blade and the stout  
appea rance  o f  the spike.

Spring (1849) included L. phylicaefo lium  in 
L. subu la tum ,  a widespread and very variable 
South American  species.  B. 01Igaard, who is 
working on Ecuador ian L ycopod ium ,  cons iders  
L. phylicaefo lium  to be dist inct from L. subu la 
tum,  and  refers my collect ion to the former.

H abita t:  L . phylicaefolium  was  found in Psid ium  
guajava  scrub on the W par t  of  the oute r  
El J u n c o  crater  rim on Isla San Cristobal  
(c. 650 m). We found only two spec imens,  one 
fertile and one  sterile, on a b ranch  of  Psidium  
guajava ,  c losely invested by b rown epiphytic 
mosses  and liverworts.  O th e r  epiphytes were  
L ycopod ium  d icho tom um , L . passerino ides ,  
G ram m itis  serrulata, A sp len iu m  ciuritum, 
N ephro lep is  cordifolia, Po lypodium  angusti-  
fo l iu m , Trichom anes rep tans  and Peperom ia  
g a la p a g e n s is .

Distribution:  Ecuador,  Peru  (Nessel 1939).

Revised concepts  o f  L. phylicaefo lium  and L.  
subula tum  may expand  the distribution range 
considerably.

Ophioglossum palmatum L. -  Fig. 2 H

L., Sp. PI. 2 p. 1063 (1753) -  Cheiroglossa palm ata  
(L.) Presl, Suppl. T ent.  Pterid. p. 57 (1 8 4 5 ) -  Ophio- 
derma palm ata  (L.) N akai ,  Bot. Mag. T okyo  39 p. 
193 (1925).

Collection studied: Isla Pinta, Adsersen 1250 (C, 
CDS).

Rhizome fleshy,  ascending,  up to 1 cm long, 
5 mm thick,  with m any  yellowish fleshy roots ,  
at frond bases densely invested with long, 
white,  multicellular  hairs. F ro n d s  several from 
each rhizome, total length up to 40 cm, of  
which 3/4 is stalk; stalk f leshy,  glabrous,  about  
3 mm thick; blade gradually dicho tomously  
dividing into lobes,  finally 6-10 cm wide,  
10-15 cm long, irregularly palmate with 4 lobes,  
first dissect ion to about  2/3 o f  blade length and 
the second ones  to about  1/2 the blade length. 
Blade dark green,  glabrous,  glossy,  somewhat 
fleshy; venation areolate  with ellipt ic-oblong 
areoles.

Ferti le spikes (0—) 1 —5 borne  near the blade 
base,  one-s ided and oppos ite  blades,  or  s o m e
times at lower blade margin,  semierec t ,  forming 
an angle of  about  45° with stalk,  3-5 cm long, 
lower tenth of  spike without  sporangia,  upper 
part 3 -4  mm wide,  car ry ing sporangia in two 
rows, dark ol ive-green; sporangia 0 .6-1 .0  mm in 
diameter;  spores  yel low-green,  finely verrucous ,  
40-52 p m  in diameter .

H abita t:  O. p a lm a tu m  was  growing on the 
ground on the SW slope of  the highest  cone in 
the summit  a rea  at c. 640 m (Adsersen  1976 b). 
T h e  cone rises c. 25 m above  the ra ther  plane 
summit  area,  where there is a dense  Pteridium  
aquilinum  var. arachno ideum  vegetat ion with 
scat tered clusters of  Z a n th o xy lu m  fa g a ra  
( further  descript ion see H am ann  1974 a, 1975).

O phioglossum  p a lm a tu m  is referred to as an 
epiphyte;  thus this terrestr ial occurrence  may 
seem puzzling.  H ow e ve r ,  the species composi
tion is not at all typical for  low exposed  vegeta
tion. The  species with one asterisk in the list 
below are in G alåpagos  most  often found as 
ep iphytes  or in bogs (i.e., in ombrot rophic  
localities), those  with two as ter isks are e n 
countered  in shaded habitats .  T h e  slope is
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exposed  to the humid SW winds.  T h e  vege
tat ion is completely dominated by pteridophytes: 
Asplenium  fee i ,  A . p ra em o rsu m * , A . serra 
var. im rayanum , B lechnum  po lypod io ides , 
Dryopteris pedatci var. p a lm a ta * * , Elapho-  
glossum  f i r  m u m * , E. m inu tum , H istiopteris  
incisa*, H ypolepis  hostilis, L ycopod ium  
cernuum , Nephrolepis  cordifolia*, O phio
g lossum  p a lm a tu m * , Po lypodium  aureum  var.  
areo la tum * , P. tridens, Pteridium aquilinum  
var. arachnoideum , Pteris quadriaurita**, 
Rum ohra  adiantiformis*  and Thelypteris pilo- 
sula**.

T h e  only seed plants  observed  are C om m elina  
diffusa, Erythrodes  cf. weberiana, Peperom ia  
galioides, Pilea baurii and So lanum  n o d ifo ru m .

Soil samples consistently show that  contac t  
with mineral soil is sparse.  High content  of  
organic matte r  (75 %, wet  combus tion)  and low 
pH (4.16) and base saturat ion (20%) indicate 
that  the soil is best  charac ter ized  as a fern peat .

T h e  locality is not  great ly influenced by goats 
and may have  remained unchanged for a very 
long time (for dat ing of  fern peats  from Isla 
Pinta see Adse rsen  1976). T h e re  is no reason 
to bel ieve that O. p a lm a tum  has been introduced 
by man or feral animals.

Distribution:  Tropica l  A mer ica  from Uruguay  
and Peru  to Yuca tan,  the Car ibbean  a rea  and 
Flor ida ;  Viet  N am ;  Reunion (Clausen 1938).

O phioglossum  p a lm a tum  has not  previously 
been reported from the G alapagos  Islands.  It 
differs from O. reticulatum,  the only other  
O phioglossum  species known from the archi
pelago,  in its palmately lobed sterile part o f  the 
frond and its several spikes borne at the base 
of  the frond blade. It should be expec ted  else
where in the archipelago on fern or  Sphagnum  
peat.

Woodsia montevidensis (Sprengel)  Hieron.  -  
Fig. 2 A - B

F o r synonym y and illustrations see Brown 1964.

Collections studied: Isla Fernandina , Adsersen 561 
(C, CDS), 933 (C, CDS).

Rhizome ascending,  3-4 mm  thick,  blackish 
b row n,  invested  with nar row  deltoid,  a lmost  
entire scales,  these  3-6 mm long, at  base  0.3-0.5 
mm broad ,  lustrous b rown with hyaline margin,  
this broader  on younger  scales;  fronds  fa sc ic u
late, 2-16 fertile pho tosyn the tic  ones toge ther  
with several  pers is tent  stipe bases,  the lat ter of  
uneven  length,  2-20  cm, dull grey to b rown.  
F ronds  all fertile,  5-25 cm long, stipes and 
rachis light b row n,  1-1.5 mm thick,  at base  
with a few tan, lanceolate scales o f  3-7 mm 
length, above  with few scat te red,  similar but  
smaller  scales,  scat te red  glands and nu m e ro u s  
hyaline several-cel led hairs o f  different  lengths, 
the longest  being c. 1 mm,  the cells in these  
about  100 p m  long. Blade 5-20 cm long, up to 
5 cm wide,  lanceola te or  oblong,  bipinnate or  
pinnate-pinnatif id,  p innae sessile to subsessi le,  
10-20-paired.  Cen t ra l  pinnae oblong-lanceolate,  
pinnatif id,  2.5 cm long,  at  base 1—1.2 cm wide;  
basal  pairs m ore  del toid,  shorte r  and more  
remote;  apical pairs  general ly reduced  in size. 
Pinnulae suborbicular  to  obtusely oblong,  cre-  
nulate and  dent icula te,  lamina char taceous  to 
subcor iaceous ,  ol ive-green,  both  surfaces and 
margin with several-cel led hairs and  glands.  
Sori discrete,  somet imes  confluent;  indus ium 
com posed  of  hyaline plate-like lobes,  s o m e
t imes with marginal teeth.

Spores  monolete,  with irregularly ret iculate 
sculp tured  ep ispore ,  40-50  /am wide and 60-70 
p m  long.

H abita t:  O n  s teep rock  walls or  s lopes. We 
found it at 1400 m on S-facing slopes in faults 
on the S part  o f  the ca ldera rim of Isla 
Fernandina .  van der  W erf f  (pers.  com m.)  found 
it on the E  ca ldera  rim of  Volcån Alcedo at 
1030 m (van der  W erf f  1160), and on the top of 
C er ro  Azul at 1604 m (van der  Werff  2250). It is 
almos t  certainly indigenous.

Distribution:  A rgentina  to Colombia  and 
Hispaniola;  up lands  o f  Brazil; South  Africa.

T h e  genus W oodsia  has  not  previously been 
repor ted  from Galåpagos .  T h e  key in Wiggins & 
Por te r  (1971) will place the species in the

Fig. 2. A -B : Woodsia montevidensis  (Adsersen 561). -  A: Single frond. -  B: P inna from centra! part of frond. -  
C -D : Grammitis delitescens  (Adsersen 146). - C :  Single frond. - D :  Habit. -  E -G : L ycopodium  phylicaefolium  
(Adsersen 731). -  E: Sporophylls and sporangia from basal part (left) and central part (right) o f  spike. -  F: 
Fertile (left) and sterile (right) shoot. - G :  Habit (fertile plant). - H :  Ophioglossum p a lm a tu m  (Adsersen 1250).
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Tecta r io ideae .  It is easily dis t inguished from 
all o ther  ferns know n from the archipelago 
by its hairy and glandular  leaf  margins and the 
indusium which is com posed  o f  hyaline p la te 
like lobes,  somet imes  with marginal teeth.
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The amphicarpic species Lathyrus ciliolatus
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Lathyrus ciliolatus Sam. ex Rech, f . ,  an amphicarpic species described from limited 
herbarium material and considered  as an endemic o f  Syria and Lebanon, is recorded 
from  many localities in Israel. A  com plem entary  description is given and  the local 
distribution and ecology are d iscussed. B iosystematic studies have shown that 
am phicarpy is a constant ch a rac te r  in this species. L. ciliolatus is com pared  with L. 
hlepharicarpus Boiss., a species regarded as related to it. T hey  differ in the flower and 
fruit morphology, as well as in am phicarpy. Crossing experim ents show that the two 
sympatric species are reproductively  isolated. C hrom osom e num bers  o f  L. ciliolatus and 
L. hlepharicarpus are 2n = 14. L. ciliolatus is further com pared  with two o ther species 
o f  Lathyrus in which am phicarpy occurs: L. amphicarpos L., which has been confused 
with L. hlepharicarpus and L. setifolius L. var. amphicarpos DC.

Jacob M attatia, Department o f  Botany, The Hebrew University o f  Jerusalem, Israel.

In the course  o f  a s tudy on amphicarp ic  plants 
from Israel (Mat ta t ia  1976) many spec im ens  o f  
L a th y ru s  ciliolatus  Sam. ex Rech.  f. were 
collec ted.  This  species has so far  been c o n 
s idered  as an endemic  to Syria and Lebanon  
(M oute rde  1970). Despite  some discrepancies,  
mainly in variable quanti tat ive characters ,  our  
material agrees both  with the original diagnosis 
(Rechinger  1949) and the type,  and are similar 
to som e  herbar ium specimens  from Syria and 
Lebanon .  The  following description is based on 
a wide  range o f  material,  both collected and 
grown,  and  is com plementa ry  to R ech inger ’s 
original diagnosis  (1949), which was based on 
limited herbar ium material.

Lathyrus ciliolatus Sam. ex Rech.  f.

Rech. f. in Ark. Bot. Ser. 2, 1 (5): 311 (1949)

A m phica rp ic  win te r  annual ,  sparsely hairy to 
subglabrous  or  glabrescent ,  branching from 
base,  with decum ben t  to ascending  branches  
bearing chasm ogam ous  f lowers,  and sub te r 
ranean  diageotropic to plagiogeotropic stolons 
bearing c leis togamous  f lowers.  Aerial branches

angular ,  up to 50 cm long. L ea ves  variable in 
shape and size; s tipules 4-18 mm, longer than 
petiole,  lanceolate,  semi-sagit tate;  pet ioles 2-8 
mm,  shor te r  than leaflets; leaflets 1-paired, 
lanceola te to nar rowly elliptical or  linear, 
5-50  x 1.5-6 mm; tendri ls s imple,  up to 5 cm in 
the upper  leaves, small and awn-l ike in the lower 
leaves. Sto lons  arising from co ty ledonary  buds 
and from sub te rranean  axillary buds  at the 
nodes  of  the main axis between the co ty ledons  
and g round  level,  subangular  to te rete,  achloro- 
phyllous,  s imple or  branched ,  with small lobed 
scales at the nodes ,  varying in length from a few 
cm up to 40 cm, apically hooked.  Flowers 
sol itary; sub te r ranean  f lowers contain  all the 
floral organs but  are smaller than the aerial 
f lowers  (Table 1). S ty le  dilated towards  apex ,  
adaxial ly puberu lent ,  not con tor ted  (contrary 
to the original diagnosis).  Aerial p o d  somewhat 
com pressed ,  short-beaked ,  ciliolate along 
margins ,  ventral  suture canaliculate,  2-keeled. 
Sub te r ranean  pod similar to the aerial one,  but 
often with indist inct cilia and of  i rregular  shape 
due to mechanical  pressure underground .  Seeds  
subglobular ,  brownish  grey,  somet imes  punctate
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Fig. 1. Lathyrus ciliolatus Sam. ex Rech. f.

or mottled;  ratio of  hilum to seed ci rcumference 
1/11-1/15. 2n = 14. Flowering March-Apr i l .

H olotype:  Lebanon: Djebel el Kenisseh, solo plus 
minus calcareo, in glareosis c. 1800 m, 5.6. 1933, 
G .  Samuelsson, It. pai.-syr. sec. 5740 (SI).

Selec ted  specimens:  Lebanon: K sara, 16.5.1937, 
G om bault,  PI. Syr. Liban. etc. 5941 (P). -  Syria: 
In ter urbem Aleppo et opp. Antakieh (Antiochia), 
in rupestribus calc, prope pagum Tell  Akibrin c. 430 m,
24.4. 1933, Samuelsson 3952 (W). -  Israel (all J.

M atta tia ,  H U J):  M t H erm on , rocky batha, 1500 m, 
15.7. 1971; U p p e r  Galilee , 7 km N W  of Zefat, batha , 
b row n-red  lithosol on vesicular basalt, 870 m,
15.4. 1970; Judean  M ts , 4 km N E  of Bethel, rocky 
batha, gravelly te rra-rossa ,  grazing area , 800 m,
5.4. 1973; Judean  D ese rt ,  K hashm -el-K arm , 18 km  SE 
o f  H eb ro n ,  heavily grazed area (plants with sub 
terranean  fruits only), 7.4. 1973.

Distribution and ecoiogy

A ccord ing  to M ou te rde  (1970), L. ciliolatus  
occurs  in Lebanon  and  in the wes tern  and 
s ou the rn  parts  o f  Syria.  T h e  Israelian collect ions 
are mainly from the higher mounta inous  part  
o f  the M edi te r ranean  phytogeograph ic  te rr i tory 
(Zohary  1972): in the U p p e r  Gali lee.  M t  H erm o n  
(up to 1800 m), the G o lan  Heights ,  mainly in 
the higher no r thern  part ,  and the Judean  M ts  
(Fig. 2). In the eas te rn  escarpm ents  it ex tends  
to the  margins o f  the J udean  D eser t ,  to sub- 
M ed i t e r ranean  ba thas  with average annual  rain
fall o f  200-400 mm. It  ex tends  not  so far  into 
the I rano-Turanian  terr i tory as does Vicia sativa  
ssp.  am phicarpa,  a taxon  having similar  e c o 
logical r equ irements  (Pli tmann 1973). A t  the 
margins of  the Samarian  and Judean  D ese r ts ,  
w here  these  two species are sympatric ,  L. 
ciliolatus  usually occupies  more humid niches 
than the amphicarpic Vicia (Mattat ia  1976).

L. ciliolatus  occurs  usually in rocky batha,  
somet imes  in margins or  clearings of  garigue 
and maquis.  It grows on well drained and 
aera ted  gravelly soils o f  various types,  as 
te r ra - rossa  and rendzina.  In the eas te rn  Gali lee 
and northern  G o lan  it grows on basal t ,  par
ticularly on the lighter soil types  originating 
from or mixed with ves icular  pyroclast ic basal t ,  
as scoria or  tuff. In the eas te rn  and sou th 
eas te rn  parts  o f  the H eb ron  Mts ,  border ing  the 
J udean  D ese r t  and N eg ev ,  it grows on xeric 
b row n  rendzina and on dry brown lithosol. 
Charac teris t ica l ly  it is absen t  from heavy 
alluvial soils, as grumosols.  Like the am ph i
carpic Vicia, it prefers  loose soils with well 
aggregated struc ture .  But provided  soil aerat ion 
is adequa te ,  it grows also in places where soil 
is relatively compact .

W hen  not in f lower this plant  is difficult to 
d iscover  because  o f  its low decum ben t  habit and 
its similarity in vegeta t ive charac te rs  to other  
L a thyrus  species. It is part icularly difficult 
to discern  it under  grazing and dry conditions,
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Table 1. Comparison of aerial and subterranean flowers and fruits of Lathyrus ciliolatus.

Character Aerial Subterranean

Type of flower 
Length of peduncle (mm)
Length of calyx (mm)
Calyx, ratio tube/teeth 
Colour of corolla

Size of standard (mm)
Ratio calyx/corolla 
Secretion of nectar 
Average ratio staminal tube/ 
filaments
Size of anthers (mm)
Number of ovules 
Size of pod (mm)
Dehiscence of pod 
Number of seeds per pod 
Seed diameter (mm)
Average seed weight (mg; n =250)

chasmogamous
2 0 -5 0
5 -7
tube shorter than teeth
showy, reddish-orange (7 A6-7
in Komerup & Wansc'ner 1967)
12-15  X 9 -1 2
less than 1/2
present
1.4

0 .6- 1.0
3 -5
(15—)20—30 x  7 -8  
dehiscent 
2—4(—5)
3 .5 -4 .5  
37 .8  ± 0 .5

cleistogamous
2-3
4 -6
tube longer than teeth 
colourless to slightly tinged 
with pale pink-orange
5 - 9 x 1.5-2.5 
2/3 or more 
absent
0.5

0.3-0.6 
2-3
7-15 (-20) x  7-8 
non-dehiscent 
1—2(—3)
4.5-6 
59.4 ±1.1

when its aerial branches are few and short  and 
seldom bear  f lowers and fruits. M oreover ,  the 
f lowering season  is very short.  T hese  facts  m ay  
explain why this species, which is quite a b u n 
dant  in some localities, was so recently dis
covered in an area  that  has been so intensely 
explored by botanists .  Probably L. ciliolatus  
has a wider  distr ibution than presently known.

Survey o f the literature

Lathyrus  ciliolatus  was  recorded only in the 
local f loras of  Syria and Lebanon (M oute rde  
1953, 1970). N o  amphicarpic Lathyrus  is
mentioned in the list o f  the amphicarpic plants  
of  Palest ine (Zohary  1962). An amphicarp ic  
form o f  L. hlepharicarpus  Boiss. was recorded  
by Zohary  (1972) among o ther  forms of  uncer ta in  
cons tancy ,  which were  not given a t axonom ic  
status.  It is mentioned by Pli tmann (1973) as 
L. hlepharicarpus  var. am phicarpus,  a l though 
such a combination has never  been formally 
published,  and al though Rechinger (1949) 
pointed out  the difference between his new 
species and  L. hlepharicarpus. The  amphicarp ic  
Lathyrus  is not  com m ented  upon in Z o h a ry  
1976.

The  taxonomic  study o f L .  ciliolatus  focussed  
particularly on its contended relationship with 
L. hlepharicarpus  and with L. am phicarpos  
L. ,  which has a confused taxonomy,  and  for

which Linnaeus  (1753) stated “ Habi ta t  in 
S y r ia ” .

O n e  of  the reasons  for  relating L. ciliolatus 
with L. hlepharicarpus  (Zohary 1972, Plitmann 
1973) is the occur rence  of  cilia along the 
legume sutures  in both taxa.  A no the r  probable 
reason  is the nomencla tural  confusion be tween 
L. h lepharicarpus  and L. am phicarpos  L. and 
note s  in the l i terature on amphicarpic forms in 
L . hlepharicarpus.  It is possible that  specimens  
o f  L. ciliolatus, which has characters  in com m on 
with  each of  these two species, were also 
involved.

T h e  plant known today as L. hlepharicarpus  
Boiss.  was first discovered on Rhodos and 
C y p ru s  and identified with L. am phicarpos  
L. by Sibthorp  & Smith (1832). H ow ever ,  
it is clear  that the plant described and depicted 
has  2-winged ciliate pods and was not amphi
carpic.  Boissier  (1872) remarked that he had 
not  seen amphicarpic forms of  L. blephari- 
carpus,  but  thought ,  following Sibthorp & 
Smith,  tha t  they might occur  in the G reek  flora. 
Although he bel ieved that the two names 
probab ly  pertained to the same plant, he sug
ges ted  to neglect  the name L. am phicarpos  
in o rd e r  to avoid confusion be tween amphi
carpic  forms o f  various Lathyrus  species.  
N o te s  alluding to the possible identity of  L. 
hlepharicarpus  Boiss.  and L. am phicarpos  L. 
a p p e a r  also in C hau b a rd  (1838), Post  (1932) and



440 J a co b  M atta tia BOT. N O T ISE R  129 (1976)

33' 33'

32'

2 0  30  40  3 0 k m

3 6 '35'

Fig. 2. T h e  distribution of Lathyrus ciliolatus in 
Israel. -  M , IT: the M editerranean  and Irano-Turanian  
phytogeographic territories of Israel according to 
Zohary  (1972). -  Dots: Populations observed  in the 
field and collected. -  Rings: H erbarium  specim ens. -  
Stars: D a ta  from literature.

Z o h a ry  (1972). H a låcsy  (1901) stated that  the 
pod is ciliate along its margins in L. am phi-  
carpos,  p robably  using this name in the sense 
o f  S ib thorp  & Smith (1832). A note on the 
occu r rence  of  facultat ive amphicarpy  in L. 
blepharicarpus  is found in G reu te r  & R ech inger  
(1967 p. 74). A doubtful  specimen from R hodos ,  
belonging to L . blepharicarpus  o r  L. am phi-  
carpos  is mentioned  by Davis  (1970).

Lathyrus ciliolatus and L. blepharicarpus

Biosys temat ic  s tudies,  in which plants  o f  L. 
ciliolatus  f rom different  localities in Israel were  
grown under  equal  condit ions,  some o f  them 
up to five success ive  generat ions,  have shown 
that  am phicarpy  is a  cons tan t  charac te r  in this 
species,  and occu rs  to an equal degree in 
different popula t ions .  Plants  of  L. b lephari
carpus  were  also grown, but never  showed 
signs o f  am phica rpy  under  condit ions  that 
enab led or  s t imulated  amphicarpy  in L. cilio
latus.

In an exper im en t  with plants grown in well 
aera ted  soil mix tu re  ( terra-rossa and sand), 
aerial b ranches  of  L . ciliolatus  were  artificially 
buried.  T h e  green leaves o f  the buried branches  
usually withered,  but  some of  the ir  axillary 
buds  developed  to form stolons,  bearing typical 
sub te r ranean  f lowers and fruits. T h e  same 
t rea tm en t  did not bring about  similar results in 
L. blepharicarpus.  This  shows that  amphicarpy 
in L. ciliolatus  is an inherent  character ,  not a 
facul tat ive one  tha t  may be induced merely 
by external  condit ions.

L a thyrus  b lepharicarpus  and L. ciliolatus  
may overlap  in the range o f  variability of  
vegetat ive charac te rs  (e.g. shape and size of  
leaflets, s tipules,  tendri ls ,  etc.).  T hese  charac
ters  are also c o m m o n  o f  o ther  related Lathyrus  
species of  sect ion Cicercula,  as L. cicera, L. 
p se u d o c ic e ra , L. m arm ora tu s ,  and are,  the re 
fore,  o f  limited diagnostic  value.  However ,  
when grown under  equal  condi t ions ,  L. cilio
latus  shows a s lower  rate of  vegetat ive growth,  
fewer  and shor te r  b ranches ,  smaller leaves and 
a lower  fruit yield as com pared  with L. blephari
carpus  and o ther  non-amphicarp ic species 
(Fig. 3 E). A similar phenom enon  was found 
in exper iments  in Vicia sativa  ssp.  am phicarpa  
and in Pisurn fu lv u m  var. am phicarpum  
(Mattat ia  1976), and  was  also noted on her
barium spec imens o f  L. am phicarpos  L. This
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Fig. 3. A -E :  Com parison  o fL .  ciliolatus and L. blepharicarpus, grown under equal conditions in a greenhouse, 
from seeds collected in adjacent localities in the U pper Galilee.- -  A: F low er o fL . ciliolatus (scale units are mm). -  
B: F lo w er  o f  L. blepharicarpus (same magnification as A). -  C: Aerial and subterranean  fruits o f  L. ciliolatus 
(scale units are mm). -  D: Fruit of L. blepharicarpus (same magnification as C). -  E: Branches of L. ciliolatus 
(left) and L. blepharicarpus (right) at the same age, showing different growth rates (scale units are cm and mm). -  
F: M etap h ase  o f  root-tip mitosis of L. ciliolatus, p re trea ted  with parad ich lorobenzene, squashed in aceto- 
orcein (2n =  14).

phenom enon ,  associated  with amphicarpy ,  is 
at t r ibutable to the  fact that  a considerable part 
o f  the pho tosyn the tic  resources  are diverted to 
the sto lons,  which start to develop at a relatively 
early stage.  Since they are subte rranean  organs,  
special ized in rep roduct ion ,  they are consumers  
of  p roduc ts  o f  pho tosynthesi s  without  being 
their p roducers  (Mat ta t ia  1976).

A par t  from am phicarpy  and the characters  
associa ted with it, the two species differ in the 
morphology  of  the f lower and fruit. T h e  main 
differences be tw een  them are summarized in 
Tab le  2 and  shown in Figs.  3 and 4. T h e  most  
impor tant  differences are in the morphology 
of  the gynoecium and fruit. T h e  style of  L. 
ciliolatus  is s traight ,  its dilated sub-apex being 
adaxial ,  w hereas  in L. b lepharicarpus  it is 
always twisted  sinistrally (Fig. 4 E). This  
difference can be discerned even without  
dissect ion o f  the f lower,  as it is ref lected in the 
shape o f  the keel (Figs. 3 A, B, 4 A).

Extens ive  field observat ions  have shown that 
these  charac te rs  are cons tan t  in both  species 
in their whole range of  distr ibution in Israel.  
T h e  different  angle be tween  the ovary  and style 
(Table 2, Fig. 4 E) and the different plane of  
the pollen-presenting par t  of  the style and 
stigma,  seem to indicate different behav iour  of  
the poll inat ing agent ,  and probably  also different 
poll inators .  T h ese  are im por tant ,  though som e
t imes neglected,  floral characteri s t ics  in 
Lathyrus .

T h e  ventral  wings on the pod of  L. blephari
carpus  may vary in breadth  in various popula
t ions, but  they are a lways  broad,  wavy and 
leaf-like, whereas  in L. ciliolatus  the ventral 
r idges are na rrow,  not exceeding  0.5 mm, and 
can hardly be te rmed as wings. Th is  difference 
should  be regarded as m ore  significant than the 
similarity in having ciliate pod margins. T h e  
pod o f L .  ciliolatus  resembles that o f  L. cicera  
in general  shape  and in the s truc ture  of  the
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Table  2. C om parison between Lathyrus ciliolatus and L. blepharicarpus.

BOT. N O T ISE R  129 (1976)

C harac ter L. ciliolatus L. blepharicarpus

Plant indum entum plants sparsely hairy to mostly 
subglabrous o r  glabrescent

plants patulous pubescent to 
sparsely hairy

Calyx indum entum teeth sparsely ciliate or mostly 
glabrous

teeth  ciliate

Standard length usually exceeding 
b readth  (Figs. 3 A, 4 B)

breadth  usually exceeding length 
o r  equal to  it (Fig. 3 B)

Wings approx . as long as keel longer than keel

Keel adaxial (upper) margin smooth adaxial margin minutely ciliolate

Angle betw een ovary 
and style (Fig. 4 E)

approx . 130° approx. 90°

Style (Fig. 4 E) not contorted contorted  approx. 90°

Breadth of pod up to 8 mm up to 12 mm

Ventral suture o f  pod canaliculate, 2-keeled broadly 2-winged

Seed diam eter (mm) (aerial) 3.5-4.5 4 .0-6 .0

Average seed weight (mg) (aerial) 37.8 ± 0 .5 43.7 ± 2 .1

ventral suture.  H ow ever ,  it differs from it in 
being ci liolate,  smaller , and in usually having 
fewer  seeds.

In both  species the ch rom osom e  num b e r  was 
found to be 2n = 14 (L. ciliolatus:  U p p e r  
Gali lee,  Dalton  Plateau,  7 km N W  of  Zefa t ,  
5.5. 1970; Fig. 3 F.  L. b lepharicarpus:  U p p e r  
Gali lee,  be tween  Alma and Ramot-Naftal i ,  12 
km N o f  Zefa t ,  10.4. 1970; voucher  spec im ens  
H U J) .  Th is  is the p redominant  n u m b e r  in 
L athyrus ,  found in 54 out of  61 species listed 
by F ed o ro v  (1969).

Two-di rec t ional  c rosses  were a t tempted  
be tween  L. ciliolatus  and L. b lepharicarpus  
in plants  grown from seeds in a greenhouse.  
In the majority of  the poll inated f lowers the 
ovary  failed to develop.  In 16 out of  37 crosses  
when the female parent  was L. ciliolatus  and 
in 7 out  of  27 reciprocal crosses ,  the ovary  
star ted to  develop,  but  its deve lopm en t  was 
ar res ted  at som e stage. In 9 o f  the crosses  the 
ovary  approached  the full size of  a ma tu re  pod,  
but  no seeds were set. It the re fo re  seems 
tha t  these  two species are reproduct ively  iso
lated. Th i s  may account for  the fact  that 
al though they are partly sympatric ,  no s p o n ta 
neous  hybr ids  with in termedia te charac te rs  
could be found.

Further amphicarpic Lathyrus

L athyrus  ciliolatus  was  com pared  with two 
o ther  species o f  L a th yru s  in which am phicarpy  
is known to occur ,  viz.,  L. am ph icarpos  L. 
1753 (syn. L. quadrim arg ina tus  Bory & Chaub .  
1832), and L. setifolius  L. var. am phicarpos  
D C.  (de Candol le  1805; syn.  L. am phicarpos  
sensu G o u a n  1762, non L.).

Lathyrus  am phicarpos  occurs  in S G reece ,  
Sicily, the Iberian Pen insu la  (Ball 1968), and 
N Africa (Quézel  & S an ta  1962). T h e  study 
included examinat ion  o f  the type specimen 
(No.  905/3 in the H erbar ium  o f  the Linnean 
Society,  L ondon ;  personal  information by Dr  
W. T.  Stearn),  the spec imen  N o .  XIX 98 bis 
in the Burser  H erbar ium ,  U ppsa la ,  and herbar 
ium material from S E urope  and N Africa.  
This  species differs from L. ciliolatus  mainly 
in having a red corolla,  glabrous  ovary  and  pod,  
usually wider  pods  and  two-winged margins 
on both ventral  and dorsal  sutures.  In both 
species the mature pod is prominent ly  veined.  
In L. ciliolatus  some o f  the more  prominent  
veins diverge from the dorsal  suture and run 
more or less obliquely along the pod,  whereas 
in L. am phicarpos  all the veins anas tomose ,  
forming a ne twork  o f  polygonal s tructures.
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Fig. 4. Floral parts o f  L. ciliolatus (left) and L. 
blepharicarpus  (right). -  A: Flower. -  B: S tandard . -  
C: Wing. -  D: Keel. -  E: Gynoecium.

T h e s e  tw o  species are very  similar in the 
general morphology o f  the stolons and sub
te rranean  reproduc tive  organs.  T hey  present  
a very fine example  of  parallel evolution.

Lathyrus  setifolius  var.  am phicarpos  is known 
from S F rance  and S Tyrol  (Ascherson & 
G ra e b n e r  1909), Yugoslavia (H ayek  1926) and 
Spain (Willkomm & Lange 1877). Material  from 
Montpell ier  was examined.  This  species can be 
dist inguished from L. ciliolatus  mainly in 
having a smaller f lower,  a densely hairy ovary ,  
which is usually glabrescent  in the fruit except  
for the margins,  stipitate pods and tubercula te  
seeds.  A m phica rpy  here is generally less pro
nounced  than in the two above  mentioned 
species.

A third amphicarp ic  Lathyrus , L. sativus  L. f. 
am phicarpa  Coss.  ex Beck,  is known to me

only f rom l i terature (Beck 1903), as no herbar i
um material was available for comparison.  It 
m ay  be synonym ous  with L. am phicarpos  L.,  
which resembles  L. sa tivus  in vegetat ive char 
ac te rs  and in the general  morphology  o f  the 
pod.

F ro m  the presen t  ev idence  it seems that 
am ph ica rpy  has arisen independently  at least 
three  t imes  in the genus Lathyrus .
A ck n o w le d g e m e n ts . T he au tho r  is greatly indebted 
to P rofessor C . C . Heyn (the H eb rew  University, 
Jerusa lem ), for her encouragem ent and kind help 
provided during the course of the study, and for her 
useful suggestions and critical reading of the m anu
script. T h an k s  are also due to D r  W. T. S team  
(The British M useum ) for pointing out the type 
specim en of L . am phicarpos  L ., to Drs F. Kollmann 
and I. G ruenberg-Fertig ,  Jerusa lem , for examination 
o f  L innaean specim ens, to P ro fessor R. Santesson 
and D r  R. M oberg, U ppsala ,  for a photograph 
and for examination of L. amphicarpos  L. in the 
B urse r  H erbarium . T he following H erbaria  have 
provided specim ens: W, P, G ,  B, S, K, M PU , MA. 
T h e  drawings are by Mrs E. H u b e r  and the pho to
graphs by M r J. Gam burg .
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Observations on the Elleanthus linifolius alliance (Orchidaceae) 
in S America
B ern t L 0 jtn a n t

Lpjtnant, B. 1977 01 28: O bservations on the Elleanthus linifolius alliance (Orchidaceae) 
in S America. Bot. Notiser 129: 445-453. Stockholm. ISSN 0006-8195.

T he  systematic relationships within the Elleanthus linifolius alliance in S and C America 
and the C aribbean area  are d iscussed. E. linifolius Presl is res tr ic ted  to S E cuador and 
N Pern. E. graminifolius (Barb. R odr.)  Lpjtnant comb, nov., form erly  regarded to be 
conspecific with E. linifolius, is the correct name for the w idespread  species of tropical 
S America. E. isochiloides Lojtnant sp. nov. from W E cuador, a close relative of E. 
graminifolius, is described. T he  original description o f  E. fractiflexus  Schltr. is 
corrected.

Bernt Löjtnant, Botanical Institute, University o f  Aarhus, Nordlandsvej 68, DK-8240 
Risskov, Denmark.

T h e  p lants  belonging to the Elleanthus linifolius 
a l l iance have l inear  leaves and a distichous 
inf lorescence  with fractiflex rhachis.  T h e  inclu
sion o f  A dene leu therophora  graminifolia  Barb.  
Rodr.  in E. linifolius by Cogniaux (1901) 
s tarted  a tradition to refer uncrit ically most  
E llean thus  specimens  with grass-like leaves to 
E. linifolius  (e.g. H oehne  1945, Schweinfurth  
1958, Duns te rvi l le  & G aray  1961).
I came across  the problems within the alliance when 
determ ining the orchid specimens collected by the 
2nd D anish  Botanical Expedition to E cuador in 1973 
(Elolm-Nielsen et al. 1975). I have examined the 
material referable to this alliance in various H erbaria  
cited with the specimens. A com plete  list o f  the 
specim ens studied is kept at AA IJ from where 
copies are obtainable.

The drawings of flowers and flower parts in Figs. 
1-5 are from material preserved in FAA; those in 
Fig. 6 from dried material.

Elleanthus linifolius Presl

Presl, Rel. H aenk. 1: 97, 1827. -  Isochilus linifolius 
(Presl) L indl.,  G en. and Sp. O rch .  PI. 113, 1831. -  
Lec to type (here selected): Peru, hab. in montanis 
Peruviae ad H uanocco , Haenke s .n .!  (PR 25265).

Evelyna graminifolia Poepp. & Endl.,  N ov . G en . 
ac Sp. PI. 1: 33, 1836, excluding Plate 58. -  L ec to type 
(here selected): Peru, crescit in Peruviae sylvis supra

arbores  altiores ad P am payaco , floret D ec .-Jan . ,  
Poeppig 1641 (W).

This  species is easily recognized by the short 
l inear leaves and ra ther  elonga te  terminal spike 
which is longer than  the subtending leaves 
(Fig. 1). It general ly grows on the rather  dry 
and exposed  areas confined  to the tropical and 
subtropical  mounta in  regions o f  S Ecuador  and 
N Peru.  E. linifolius  is a ra re  and not very 
variable plant,  closely rela ted to the S Amer ican  
E. frac ti f lexus  Schltr.  and to E. poiform is  
Schltr.  f rom C America.

Reichenbach  (1862) after  having examined the 
types o f  both species,  conc luded  that Evelyna  
graminifolia  was  conspecif ic  with Elleanthus  
linifolius. R e ichenbach 's  conclusion is not 
surprising,  for both types a re  from essentially 
the same area.  M oreover ,  the  descript ions are 
very  similar in detail.  H o w e v e r ,  despite having 
detec ted  (Reichenbach 1852) that the original 
descr ipt ion  and illustrat ion o f  Evelyna gram ini
fo l ia  were  at var iance with each  other ,  Re ichen
bach (1862) ci ted both the descript ion and the 
illustration o f  Evelyna  graminifolia  under  
Elleanthus linifolius. Th is  er ro r  must  have 
influenced Cogniaux (1901) to  include A d e n e 
leutherophora gram inifo lia  Barb.  Rodr.  under
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5 mm

Fig. 1. Elleanthus linifolius Presl -  A : Asplund 12584 (S). -  B: Haenke s.n. (PR lectotype). -  C -J : Holm - 
N ie lsen et al. 3766 (A A U ). - C :  Inflorescences. - D :  Dorsal sepal. -  E: Lateral sepal. - F :  Petal. - G :  F low er. -  
H : L ip  flattened out. -  I: L ip  in natural position. -  J: G ynostem ium .
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Elleanthus linifolius. Cogniaux did not  notice 
tha t  Poeppig ,  under  the same num b e r  as 
the type from Pampayaco ,  included mixed 
collect ions of  E. linifolius and E. gram inifo lius  
some o f  which were even collected by him 
later  in Cuchero .  In actual fact  the original 
drawings o f  A dene leu therophora  graminifo lia  
and P o ep p ig ’s drawing o f  E velyna graminifolia  
both po r t ray  plants belonging to the same 
species,  Elleanthus gram in ifo l ius .
Specim ens studied. Ecuador:  H arling  &  Andersson 
13845 (p .p ., w ith  E. fractiflexus,  A M E S , G B ); 
H o lm -N ie lsen et al. 3766, 4038, 4047, 4118 (A A U ). -  
Peru: Asplund 12584 (A M E S , S); Haenke s.n. (PR 
25265, PRC); Henschel 307 (M ); H utch inson 1874 
(A M E S ); Kanehira 89 (A M E S ); Poeppig 1641 p .p ., 
Cuchero 1829 (p .p ., w ith  E. graminifolius, W  51688); 
Poeppig 1641 p .p ., Cuchero 1830 (p .p ., w ith  E. gra
minifolius,  W  s.n.); Poeppig s.n. (PR); Poeppig s.n. et 
loc. (P).

Elleanthus graminifolius (Barb.  Rodr.)  Löj tnant  
comb.  nov.

Basionym: Adeneleutherophora graminifolia  Barb. 
Rodr., Gen. et Sp. Orch. N o v . 2: 171, 1881. -  Lec to 
type (here selected): B raz il, M inas Geraes, along 
rive r Parahybuna, Barbosa Rodrigues s.n.! The lecto
type is Rodrigues’ original w aterco lour draw ing 
preserved in the L ib ra ry  o f the O rch id  H erbarium  
o f Oakes Ames (AM ES).

Elleanthus pusillus  Schltr. in N o tizb l. Bot. G art, 
und M us. Berlin-Dahlem  8 : 117, 1922. -  O rig. co ll. 
(probably destroyed): B razil, Parana, Dusen s.n.

Elleanthus graminifolius  differs from E. lini
fo l ius ,  apar t  from the floral detai ls ,  in having 
much longer leaves, and from E. isochiloides  
Lpjtnant in the floral parts  and  in having 
considerably  narrower  leaves (Figs. 1, 2, 5). 
E. gram inifo lius  is widely distr ibuted in S 
America ,  pe rhaps  throughout  the neo tropics .

I hesitate to include a form series from the 
Car ibbean  Islands,  commonly  identified as E.
linifolius. T h es e  plants have leaves with
mucronate  tips which are longer than the 
bilobed apex.  Moreover ,  the shor t  broad spikes 
give the plants an appearance  quite  distinct 
from that  of  the S American  material.  The
flowers have  a tendency to be peloric and 
the lips seem to lack the diagnostic  calli at 
the base.  More  material is needed  for s tudy 
before a final decision can be made.

T w o  well-defined form series from C America ,  
hi therto included in E. linifolius, also need

further  invest igat ion (Figs. 3, 4). The i r  general 
appearance  is cons iderably  different from E. 
graminifolius  and  E. linifolius  as these taxa  
are unders tood in this paper.  H ow ever ,  so far 
I have only seen non-flowering and fruiting 
material o f  these form series.

T h e  il lustration o f £ .  gram inifo lius  in Martius,  
F lo ra  Brasiliensis 3 (5): t. 73, 1901 is an 
inaccurate reproduc tion o f  the original drawing 
by Rodrigues.  T h e  width o f  the leaves on the 
original,  drawn from living material,  is 2.6-3.2 
mm whereas  the leaves on the reproduction  
are up to 4.1 mm wide.  Tak ing  into considerat ion 
the shrinkage in dried spec im ens ,  the maximum 
width I observed  is normal ly  less than 2.8 mm 
(Fig. 2) which is in accordance  with the lecto
type.

N o  type material o f  E. pusillus  Schltr.  is 
known at present  due to the destruct ion  of  
S ch lech te r ’s herbarium dur ing Wor ld  W ar  II. 
Elleanthus pusillus  is k now n  to me only through 
the original descript ion and S ch lech te r ’s (1930) 
drawings o f  floral details . Sch lech ter  dist in
guished E. pusillus  from E. linifolius, as u n d e r 
s tood at that t ime,  on the nar row er  leaves and 
differences in the floral parts .  Obviously  he 
had in mind the only reliable d rawing published 
(Martius, Flora Brasil iensis) s ince he describes 
the leaves as being 2.5 mm wide.  This m eas 
urement is well within the range of  E. gram ini

fo lius ,  as explained above .  E. pusillus  seems to 
be within the range of  E. graminifolius  in all 
other  respects  as well.

Obviously  Cogniaux (1901) in tended to t r ans 
fer A dene leu therophora  graminifolia  to 
Elleanthus  because  the name E. graminifolius  
appears  under  Plate 73 in Mart.  FI. Bras. 
H ow ever ,  he did not make  the transfer  in the 
text.  H ence  the name is not  validly published.

Specim ens studied. Venezuela:  Funck  & Schlim s.n. 
et loc. (P); S teyerm ark 59436, 61427, 61719, 75062, 
76018, 89415, 89955 (AM ES); S teyerm ark 75061 (W); 
W agener s.n. (W). -  British G uyana:  Aelsor 374 (K); 
Appun 593 (K); Jenm an  824, 2387 (K); Lang 134 
(AM ES); Maguire & F anshaw e 23368 (AM ES, K, 
P, S, W); Maguire & F an sh aw e 23512 (AMES); 
Quelch & M cConnel 301 (K); Sandwith 146 (K); 
Schomburgk s.n. et loc. (K, W). -  Surinam:  Granville 
1242 (P); Lanjouw & Lindem an 2745 (AMES); 
Maguire 24523 (AM ES). -  Brazil: Barbosa Rodrigues 
s .n .,  M inas G e raes  (AM ES); Brade & Santos Lima 
11772 (M); Burchell s.n. et loc. (K); Dusen 18117 
Sao Paulo (S); Luetzelburg 14012 (M); M osén 3695 
(S, W). -  Colombia:  Pennel 3469 (AM ES); Sprague
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5 m m

Fig. 2. Elleanthus graminifolius (Barb. R odr.) L 0jtn a n t -  A : Holm -N ie lsen et al. 4193 (A A U ). -  B -H : H olm - 
N ie lsen  et al. 4518 (A A U ). -  B: Dorsal sepal. - C :  Lateral sepal. - D :  Petal. -  E: F low er. - F :  L ip  flattened out. -  
G : L ip  in natural position. -  H : G ynostem ium .
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5 cm 5 cm

Fig. 3 (left). Elleanthus sp. -  Jimenez &  Lankester 2076 (A A U , A M E S ). Th is plant, which is closely related 
to E. graminifolius, is known from  Costa Rica, Panama, N  Colom bia and Cuba.

F ig. 4 (right). Elleanthus sp. -  Edwards 578 (A A U , A M E S ). Th is plant which resembles E. graminifolius, 
is known from  M exico, Br. Honduras, Guatemala and Costa Rica.
3 0 -  B o ta n i sk a  N o t i s e r  129:4
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377 (K). -  Ecuador:  Holm -Nielsen & Jeppesen  431 
(AAU); H olm -N ielsen  & Jeppesen  520 (A A U, C); 
Holm -Nielsen e t  al. 4193, 4518 (AAU); M exia  7103 
(A M ES, W); Sparre  16434, 19144 (S) -  Peru: Haenke 
s.n. (W 51689 p .p .) ;  H aen k e  207 (M); Killip & Smith 
22594, 22754, 23161, 24524, 24855, 25514 (AMES); 
Klug 3564 (A M E S, S); M acbride  5720 (AMES); 
Poeppig 1641, C u ch e ro  1829 (W); Poeppig 1641 p.p., 
C uchero  1830 (p.p .,  with E. linifolius, W s.n.); 
Poeppig 1641 p .p .,  C uchero  1830 (p .p .,  with E. 
linifolius, W 51688); Poeppig s.n. et loc. (W); 
Schunke A50, 1334, 1679 (AMES). -  Bolivia: Pearce 
s.n. (K); P entland  s .n . et loc. (K); Rusby 2166 
(AMES).

Elleanthus isochiloides Löjtnan t  sp. nov.

Orig, coll.: E cu ad o r,  prov. C otopaxi,  Quevedo- 
Latacunga road ,  alt. c. 700 m, 5.4. 1973, Holm- 
N ielsen, J ep p esen ,  Löjtnant & 011gaard 2947! (AAU 
holotype, A M E S ).

Epiphytica,  e rec ta ,  20-35 cm alta; rhizom ate valde 
abbreviato , radicibus filiformibus, crassiusculis, 
glabris; caulibus simplicibus, gracillimis, teretibus, 
bene foliatis, 1-1.5 mm diam etro; foliis erecto- 
patentibus, oblongo-linearibus, obtuse bidentatis, 
dorsaliter b rev ite rque  m ucronatis, glabris, 5-10 cm 
longis, 3-4.5 m m  latis; inflorescentiis terminalibus, 
dense multifloris (16-24), in ambitu ovatis vel 
cylindraceis, usque ad 4 cm longis; floribus distichis, 
albis; bracteis ovatis , cymbiformibus, glabris, 1 cm 
longis, floribus subaequ ilong is ; sepalo postico ovato- 
lanceolato, concavo , acuto , dorsaliter sparse 
pilosulo, 4 m m  longo; sepalis lateralibus oblique 
ovato-lanceolatis ,  acutis ,  basin valde concavis, 
dorsaliter sparse  pilosulis, 4.5 mm longis; petalis 
lineari-oblongis, apice subspathulatis, margine sub 
lente subcrenatis ,  5 mm longis, 0.8 mm latis in basi, 
ad apicem  1 m m  latis; labello in ambitu ovato, 
antice em arginato-bilobo, margine erosulo, basi valde 
excavato , in excavatione callis seu corpusculis 
didymis, ellipticis o m ato ,  usque ad 5.5 mm longo,
3.5 mm lato; ovario  cylindrico hispidulo.

This  new specie s  is related to E. graminifolius  
but the sepals  and petals are smal ler  and 
differently shaped  (Fig. 5) and the leaves are 
consp icuous ly  broader .  In general  appearance ,  
sterile spec im ens  resemble Isochilus linearis 
(Jacq.) R. Br.

H i the r to  this species  is known only from the 
lowlands  o f  W  Ecuador .
Spec im ens  s tud ied . Ecuador:  Drew E-543, E-639 
(AM ES); H olm -N ielsen et al. 2947 (AAU, A M ES), 
2948, 3002, 7012 (AAU); Jam eson s.n. et loc. (W); 
Jativa & Epling 424, 2006 a (S); Lehmann 4335 (K); 
Sodiro s.n. et loc. (Q); Sparre  15134, 17138 (S).

Elleanthus fractiflexus Schlechter

Schltr. in F eddes  Rep. Beih. 8: 35, 1921. -  L ec to 
type (here selected): E cuador,  prov. P ichincha, in the 
valley o fN a n eg a l ,  Sodiro 36! (Q).

Elleanthus tenellus  L. O. Williams in Lilloa 6: 241, 
1941. -  Orig. coll.: Colom bia, Dept, de C au ca ,  
T o ro sa ,  L ehm ann  2908! (US holotype, A M E S , K, W).

T h e  original descript ion  of  E. fra c t i f le xu s  is 
based  upon fruiting material,  hence  the floral 
detai ls  were not given.  Yet ,  as Sch lech te r  (1921) 
em phas ized ,  the general  appearance  o f  the plant 
is very  characteri s t ic  (Fig. 6).

U p o n  examining spec im ens  from the type  
collect ion of  E. tenellus  Williams in A M E S ,  
K and W ,  I find tha t  Wil l iams’ (1941) desc r ip 
t ion is inaccurate.  T h e  lip is nei ther  p ronounced  
three - lobed  nor  eca l lose and the petals are 
surely not  cons tr ic ted  in the middle.  T h e  floral 
detai ls  must  be descr ibed  as fol lows (from 
the holo type  in US):  Dorsa l  sepal l inear-oblong,  
acu te,  4 mm long, 1.25 mm wide;  lateral 
sepals  obliquely ovate-lanceolate,  acute ,  deeply 
concave  at base ,  3.5 mm long, 1.5 mm wide;  
petals spa thula te,  rounded  at apex  with a long 
claw, 4-5 mm long, 1.5 mm wide; lip flabellate 
with a t ransverse  thickening in middle in front  
o f  basal gibbosity which contains a pair of  
lent icular corpusc le s ,  margin erose-den ticu la te  
in front ,  4 mm long,  5 mm wide; ovary  
cylindric,  hirsute,  3 mm long.

This  species seems to be confined to the 
tropical  and subt ropical ,  moist  mounta inous  
areas of  the Andes  o f  C o lom bia  and Ecuador.
Spec im ens  studied: Colombia:  A ndré 2639 (K); 
C uatrecasas  15175 (A M ES); Lehm ann s.n. (K); 
L ehm ann 2908 (A M ES, K, U S ,  W). -  Ecuador:  
Asplund 19178 (S); D rew  E-581 (AM ES); H ad ing  & 
A ndersson  13033 (A M ES, G B ), 13845 (p .p .,  with E. 
linifolius, A M E S , G B ); Holm-Nielsen & Jeppesen  
373, 519 (AAU, C); M exia 6953 (AM ES); Penland & 
S um m ers 220 (AM ES); Sodiro 36 (Q).

Comments  on fu r ther  species

T h e  Ellean thus linifolius  alliance is here o u t 
lined in a restricted sense  including E. fr a c t i 
f le x u s ,  E. linifolius, E. po iform is ,  E. gram ini
fo l iu s  and E. isoch ilo ides . M os t  probably it 
should be ex tended  to encom pass  for  example 
E. m uscico la  Schltr.  and E. c innabarinus  G aray ,  
to mention two ex t rem es .  Re ichenbach  (1852, 
1862-63) used the nam e Chloidelyna  for  this 
al liance but  without  a rank.
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Fig. 5. Elleanthus isochiloides Lpjtnant -  H olm -N ielsen et al. 2947 (AAU holotype). -  A: H ab it .  -  B: Dorsal 
sepal. -  C: Lateral sepal. -  D: Petal. -  E: Flower. -  F: Lip flattened out. - G :  Lip in natural position. -  H: 
G ynostem ium .
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Fig. 6. Elleanthus frac ti flexus  Schltr. -  A: L ehm ann 2908 (K isotype of E. tenellus).  -  B: Holm-Nielsen & 
Jeppesen  373 (AAU). - C - I :  Harling & Andersson  13033 (GB). - C :  Dorsal sepal. - D :  Lateral sepal. -  E: Petal. -  
F: F low er. - G :  Lip flattened out. -  H: Lip seen from the side in natural position. -  I: G ynostem ium .
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Ellean thus m uscico la  has the typical dis
t ichous in florescence o f  the E. linifolius al liance,  
but  the leaves  are ovate-ell iptic instead of  
linear. Although florally it is a t rue Elleanthus,  
most  likely it rep resen ts  an isolated survival 
o f  an evolu tionary  line which culminated in the 
morphological ly striking Epilyna j im e n e z i i  
Schltr.  W h e th e r  or  not the monotypic  genus  
Epilyna  Schltr .  (Schlechter  1918) is to be 
united with Ellean thus,  as was  suggested by 
Schweinfur th  (1937), requires deeper  s tudy 
than  the mere  examination o f  the few exist ing 
specimens.

Elleanthus c innabarinus , closely related to 
E. virgatus  (Rchb.  f.) C. Schweinf. ,  could 
easily be cons idered  a m em ber  of  the E. lini

fo l iu s  alliance.  T h e  few-flowered,  straggly fracti- 
flex inf lorescence  is, however,  very dist inct 
and this character is t ic  is shared only with E. 
virgatus.  G a r a y  (1969) proposed  the sect ion 
Virgatae  for  these  plants. H e  informs me that 
E. coriifolius  (Rchb.  f.) Rchb.  f. and E. lanci- 
fo l iu s  Presl,  cont ra ry  to his publication,  must  be 
excluded  f rom sect ion Virgatae. E lleanthus  
coriifolius is a m em ber  of  the E. kerm esinae  
alliance of  the section Stachydelina  (Rchb.  f.) 
Cogn. ,  while E. lancifolius,  the lecto type o f  the 
genus,  represents  its own alliance.

G a ra y  (1968) united E. laxus  Schltr.  f rom 
P anam a and E.  ampliflorus  Schltr .  f rom C o 
lombia with E. lancifolius, but  1 am not 
prepared  at this point to accept  his proposit ion.  
In our  personal  discussions o f  the problem, 
he has concurred  with my views.  T h e  sect ion 
Elleanthus  may be character ized as having a 
big and markedly  fractiflex rhachis ,  very loose 
inflorescence and rather  na r row  lanceolate 
leaves. In addition to the above-m entioned  
species,  E. grandiflorus  Schltr.  and E. vinos us

Schltr.  f rom Colombia  a re  also referable to 
this alliance.
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with a never failing in terest and rendered  me 
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T h an k s  are also due to M r Poul Juul for  his skilful 
drawings and to Miss L aura J. Pieters and Professor 
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Z e v e n ,  A .  C.  & Z hukovsky ,  P. M. 1975: 
D ictionary  o f  cu ltiva ted  p lants  and their centres  
o f  d iv e rs i ty . Excluding ornamentals ,  forest  trees 
and lower  plants.  219 pp. Published by Cent re  
for agricultural  publishing and documenta t ion ,  
P. O .  Box 4, Wageningen ,  the N ether lands .  
ISBN 90 220 0549 6. Price DF1. 45.-.

(1) T a k e  a map,  (2) select important  cult ivated 
plants ,  (3) mark  on  the map the sites where 
recognizable botanical  varieties and races o f  
th e se  cul t ivated plants are found.  T h e  identi
fication of  the botanical  varieties was done  by 
invest igat ing the morphology,  cytology,  genetics 
and  res is tance to diseases,  pests and unfa
vourab le  cl imatic conditions for the plants. 
(4) T h e  place w here  these marks  tend to collect 
is cal led a cent re of  origin. In such a centre 
the greates t  diversi ty o f  the cult ivated crop  
may be obse rved  (Burkhill 1952 and cited by 
Z e v e n  & Zhukovsky) .

A m o n g  the methods  used to identify botanical 
variet ies  a modern  worker  would have added a 
s tudy o f  variation of  different chemical c o m 
pounds .  A s  a matte r  of  fact the method cited 
gives a cent re  o f  diversity which is not neces
sarily the same as the cent re of  origin.

A m o n g  the pioneer-workers in the field o f  
finding cent res  o f  plant domesticat ion was 
Vavilov.  H e  presented his theory  of  cent res  o f  
origin or gene centres  in Berlin 1926. Since 
then many researchers  have occupied th e m 
selves with this subject  by trying to pinpoint 
the cen t res  more  exactly.  In 1968 Zhukovsky  
published his idea about  megagene centres  
and the present  work  by Zeven  and Zhukovsky  
is based  upon this idea. Zhukovsky  found twelve 
megacen t res  which include most  of  the tropical 
and subtropical world and also part of  tempera te  
regions. A striking exception is the easte rn  part

of  the South  American  con t inen t ,  where  no 
cult ivated plants were found  to have cent res  of  
diversity.

The  present  book covers  2300 species which 
are listed under  the twelve megacent res.  H o w 
ever  the plants are not s imply listed for in
format ion concern ing  c h ro m o s o m e  numbers  
(where possible) ,  ve rnacu la r  nam es  in English,  
synonyms,  habitat and  use is given. W here  
groups  are more  careful ly exam ined ,  information 
has been given which can be  useful to plant 
breeders ,  e.g. genom e formulas ,  frost hardiness 
and res istance to certain d iseases .  109 maps of  
distribution or paths of  distr ibution have also 
been presented.

A t rem endous  num ber  of  fact s  have been put 
toge ther  in this Dic t ionary ,  it comes as no 
surprise then,  that we find som e  mistakes.  For  
example  all species of  Ccirum have been placed 
under  Com pos i tae  and Pistacia  vera under 
Phyto laccaceae .  Some of  the au thors  cited in the 
in troductory  chap ters  canno t  be found in the list 
o f  references ,  e.g. on p. 10 C h u rc h e r  & Smith 
1972, p. 12 Polunin 1960 and p. 18 Har lan  
1961. In the copy studied the pages 34-35, 
38-39,  42-43 and 46-47 were  blank.

This book  will probably fo rm one of  the main 
works  o f  reference to cul t ivated plants and their  
cent res  of  diversity and it is likely to remain so 
for a long t ime.  It will be o f  great interest to 
people working with plant breeding and plant 
domestica t ion  and should be o f  value to eve ry 
body interested in cult ivated plants.  I t rust  that 
a new edition will also contain  an index of  
vernacular  names.

Lennar t  Engstrand
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Rensing,  L. ,  Harde land ,  R.,  Runge,  M. & 
Gall ing,  G .  1975: Allgem eine  Biologie. Eine  
Ein führung  fü r  Biologen und M ediziner.  411 
pp.  U n i-Taschenbücher  417, Ver lag  Eugen 
U lm er ,  Stut tgart.  ISBN 3-8001-2433-5. Price 
D M  23.80.

Al lgemeine  Biologie (“ Genera l  Biology” ) is a 
com prehens ive  treat ise on the physiology, 
genet ics ,  development,  functional organizat ion 
and ecology of  both plants  and animals. The  
text  is admirably condensed  though som e
t imes so as to be difficult to unders tand  if one 
has no previous  knowledge of  the subject.  
(Many s tuden ts  o f  botany will perhaps  be re 
minded o f  the style o f  the classic Strasburger  
L eh rbuch  der Botanik,  but  the presen t  tex tbook 
is less difficult.) T h e  il lustrat ions are simple, 
diagrammatic  and instructive.  A somewhat  
general ized presentat ion  is to be expec ted  in 
view of the  limited space.

T h e re  is pe rhaps  a risk that after reading this 
book  the student  will feel he has covered the 
field of  biology in its ent irety.  O n  the cont ra ry,  » 
with its emphasi s  on molecular  biology,  physiol
ogy and to some exten t  ecology the book is 
lacking in structural  and,  in part icular,  t a x o 
nomic aspects .  M y opinion is that the in
format ive value of  the book would have gained 
much if these branches  of  bo tany  and zoology 
had been  included even if it had entailed 
increas ing  the num ber  o f  au thors  from four to 
six. Th is  criticism does  not o f  course lessen 
the  posi t ive impression o f  the presenta t ion of  
those  branches  of  biology actually dealt with.

G u n n a r  Weimarck

Ettl ,  H .  1976: D ie G attung  C h lam ydom onas  
E hrenberg  (C h lam ydom onas  u nd  die nächs tver
w andten  G attungen II). 1122 pp. ,  168 pi., 67 fig. 
Beihefte zur N o v a  Hedwig ia  49. J. C ram er  
Verlag,  V aduz .  Price DM 300.-.

O ne  of  the rules of  thumb for  every  f reshwater  
phycologis t  is to keep  cur rently informed about  
the publicat ions o f  Czechoslovakian  colleagues: 
Prof. F o t t  fostered many skilled f irst-rate 
research  workers.  T h e  m a t te r  is well i llustrated 
by the recent  monograph  on genus C hla m yd o 
m onas  s. str. by D r  H anus  Ettl. It is a bulky

volume about  the size of  a brick.  D o u b t l e s s  
this monograph  will be o f  grea t  use,  no t  only  
for phycologists ,  bu t  also for  people  w ork ing  
in various  fields of  exper imenta l  biology and  
cytology. C h lam ydom onas  is frequently u s e d  
for  exper iments.  H o w e v e r ,  the taxonom ic  
position of  the used material  is often ob scu re ,  
depreciat ing the value of  such studies,  s o m e 
t imes even  when strains from cul ture co llect ions 
are used,  cf. L ho tsky  (1970). F o r  s tuden ts  of  
f reshwate r  algae this monograph ,  based on 
critical analysis and scrut iny o f  all descr ibed  
ta xa  by an exper ienced  specialist,  is a lm os t  a 
gift from above .  C hla m yd o m o n a s  species o c c u r  
in every  body of  water ,  and they are especial ly 
abundan t  in smaller  bodies o f  water.

T h e  in troduc tory  chap te rs  on morphology  
might seem too long, about  100 pages.  H o w e v e r ,  
the int imate knowledge o f  the morphology is 
prerequisi te  for identif ication of  C h la m y d o 
m onas  species. M an y  adequa te  i l lustrat ions,  
including a num b e r  o f  T E M  photomicrographs ,  
accom pany  the morphological  descript ions.  T h e  
methods  for cult ivat ion and invest igat ion are 
d iscussed  in detail.  Most  useful are the hints for  
invest igat ion.  T h ese  are,  without  any doub t ,  
from the mos t  exper ienced  source and in
dispensable for  the s tudy o f  a great many o the r  
flagellates. One  should have ample  living 
material ; identif ications made  on prese rved  
plants are ,  for  the most ,  o f  little value.  
Drawings  of  plants  and the ir  morphological  
details  are essential for  identif ication and 
documenta t ion .

In this connec tion I will take  the occasion 
to emphasize  that the increasingly widespread  
use of  Lugo l’s solut ion for  preservat ion  of 
algae has had a deteriorat ing effect on algal 
identifications.  Due  to its s trong  staining effect 
it is often impossible to study the internal 
morphology as well as  the s truc ture  o f  cell wall,  
essential details for  reliable identification.

T h e  major part  o f  the monograph ,  about  480 
pages, is devoted  to a com prehens ive  trea tm ent 
of  459 species toge ther  with a num ber  of  
varieties,  thus far more  than in the compilat ion 
of  H uber-Pes ta lozz i  (1961). At least I cannot  
recall any omitted taxon .  D icho tom ous  keys 
are presen ted ,  it remains to make  use of  
them.

T h e  descript ion o f  taxa  is comprehens ive  
and suppor ted  by f igures, a large part  of  which
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are  by the au thor .  T h e re  are 168 plates al
together .  T h e  concluding  chap te r  is an a lpha
betic inven tory  of  synonyms  and insufficiently 
descr ibed ta x a  with comments .  T h e re  is also an 
imposing list o f  references.

D r  Ettl has  provided us with an eminently 
suited tool fo r  further  s tudies.  O u r  information 
about  the dist r ibut ion  and ecology of  C h la m yd o 
m o n a s  species is very  poor;  may this  book 
encourage  m a n y  s tudents  to make  a personal  
con tr ibu tion to  the knowledge o f  the genus.

K uno  T h o m a s s o n

G rads te in ,  S. R.  1975: A taxonom ic  m onograph  
o f  the genus A cro le jeunea  (H epaticae) with  
an arrangem en t o f  the genera  o f  P tychan-  
to ideae.  164 pp. ,  24 plates and maps. Bryo- 
phy to rum  Bibliotheca 4. J. C ram er ,  Vaduz .  
Price DM 50 . -  (subscr .  40.-).

Uncri t ical  descr ip t ion of  hepatics  of  Lejeunea-  
ceae type ,  part icularly during the later  hal f  of  
the last cen tury  and the beginning o f  the 
p resen t  one has perhaps  c rea ted  more  and 
g rea ter  prob lems to subsequen t  taxonomis ts  
than  N a tu re  itself. T h e  revision work  has been 
and is still t roub lesome and ex tensive  and 
ra the r  few o f  the limited g roup of  hepaticol- 
ogists  have devo ted  their main scientific work  
to Le jeuneaceae  during the per iod  from World  
W ar  I up to the middle of  this century .  It is 
the re fore sat isfactory now to f ind that for  some 
decades  several  often young,  well-trained 
hepaticologists have entered this field and  with 
enthusiasm and  success a t tacked  various  
problems.  D r  G r a d s t e in ’s disserta t ion  is devoted  
to those  species of  the family which have 
undivided under leaves  (P tychanto ideae) ,  and 
particularly to those which he has recognized 
and grouped  in the genus Acrole jeunea .

T h e  book includes two parts .  The  first one  
(c. 120 pp.) co r responds  to the  main title, 
and,  hence,  t reats  the genus Acro le jeunea ,  a 
name reintroduced by the a u th o r  in an earl ier  
paper.  The in troduc tory chap te rs  give an 
excellent  survey o f  the history and  descript ion 
o f  ana tomy and morphology  from which applied 
character s  have been se lected.  G a m e to p h y te  
charac te rs  are used entirely in the subdivision

o f  the genus,  since no differentiat ing cha rac te r s  
could be found and ascr ibed  to the sporophyte .  
Cr i t e r ia  applied to subdivision into species,  
subspec ies  and variet ies  are def ined and 
discussed .  The  au thor  accepts  15 species,  4 
subspec ies  and 2 variet ies  which  toge ther  
with the recognized subgenera  and sect ions  are 
p resen ted  in a conspec tus.

Afte r  having defined the genus and  presen ted  
the  key,  the species and  infraspecific ta xa  are 
descr ibed.  Like the int roduc tory  sect ions,  this 
representa t ion  is careful ly done  and exhaus t ive  
with  -  as far as the rev iewer can dec ide -  all 
information accessible included.  Judging  from 
the  many  (c. 30) he te ro typic synonym s ,  one  
will r emark  that  the reduct ion of  species  has 
been  considerable.

T h e  second and minor par t  (c. 15 pp.)  deals  
with  the ar rangement of  the genera  o f  P ty c h a n 
to ideae i.e. the holost ipous  L e jeuneaceae .  P e r 
haps  this sect ion had been bet te r  cons idered  
as an appendix ,  s ince the com m on denom ina to r  
with the main part  is merely that  A cro le jeunea  
is a part  o f  P tychanto ideae .  T h e  re ference  list 
an d  the index of  names  which f inish the text  
par t  o f  the book need no comments .

T h e  il lustrat ions at the back o f  the book  are 
col lec ted in 24 plates. T h e y  include instruct ive  
drawings of  pert inent  details  from ana tom y  
and  morphology  used as charac te rs  as well as 
shoo ts  o f  the plants.  Maps  of  total distr ibution 
and  distr ibution types o f  the species comple te  
here  the discussion in the text.  T w o  phenogram s  
o f  classical type illustrate the phene t ic  relat ion
ship be tween  the species of  A cro le jeunea  and 
be tw een  the genera of  P tychan to ideae  r espec
tively.

Print,  paper  and the half-soft covers  are those 
earl ier  adopted  for this series.  In the r e v ie w e r ’s 
opinion the oute r  margin of  the pages could 
have  been some millimeters b roader  (in some 
pages it is now only c. 5 mm),  part icularly 
w hen  so much space  has been devo ted  to the 
legends o f  the plates (which could have been  
placed below the figures). The rev iew er  notes  
with sat isfaction that  this book -  like the 
preceding  ones  in this excellent  series -  is bound 
s t i tched  and not issued with cut  back .  Print ing 
er ro rs  and similar inadvertences  met with are 
few and non-irritating.

D r G r a d s t e i n ’s monograph is a com prehens ive  
and impressive work.  It will certainly prove to
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be o f  established value in present  and future 
studies of  the intricate group o f  mainly exotic 
hepat ics  which we call Le jeuneaceae.

Olle Mår tensson

Scott ,  G .  A. M . ,  Stone,  I. G .  & (illustrations) 
Rosser ,  C.  1976: The m osses  o f  Southern  
Austra lia .  495 pp. ,  86 plates. A cadem ic  Press,  
London ,  N e w  York,  San Francisco .  ISBN 
0 12 633 850 7. Price bound  f  18.50.

It  seems strange that Austral ia  hi therto has 
lacked  any comprehensive  handbook  or manual 
o f  b ryophytes ,  covering a not too limited part 
o f  the cont inent  (Tasmania has been favoured  
in this respec t  by R o d w a y ’s Tasm an ian  Bryo- 
phyta  from 1913-16.) M uch  of the oldt ime,  basic 
material is scat tered over  many herbaria in 
several  countries  which has not  s timulated to 
ex tensive work but  rather  invited to revisions 
o f  limited groups. Indeed,  The m osses  o f  
Southern  Australia  is the first manual  of  this 
kind. Formally it t reats  only the S part  o f  the 
continen t  (including Tasm ania )  up to a border  
approximate ly  defined by a line from Sydney 
to Gera ld ton ,  but  all species from Austra l ia  
known to the authors  are included.  Species 
from the thus defined area  which are more  or  
less com m on  there and /o r  are well known to 
the authors  are t reated in detail. Less  known 
and es tabl ished species from the area  form a 
second category,  being only briefly described.  
Aust ral ian species,  known only from the re
maining part,  for  instance,  from the tropical  
N parts ,  are only listed. O f  course,  it is too  much 
to expec t  the book to be comple te  as concerns  
the num b e r  of  species from Austral ia  in its 
ent irety.  The  remarkable  moss  Viridivellus 
pulchellum  Stone,  described almos t  s imul ta
neously  (J. Bryol. 9 p. 13-15) on spec imens 
from Queens land  by one of  the authors ,  is not 
listed.

T h e  classification into families,  genera ,  etc. 
is based  on Sa insbury’s A h a ndbook  o f  the N e w  
Z ea la n d  m osses  from 1955 unless some recent  
work  has given rise to modificat ions.  Keys  
and descr ipt ions  are simple and non-sophist icat-  
ed. F o r  instance,  the key to the 19 species of  
Bryum  included does not utilize any peris tome 
character .  Synonyms,  unless such nam es  are

especial ly needed,  are excluded.  T h e  c o n 
spec tus  of  genera  which occurs  in the in t ro d u c 
tory  part  is compiled from Index M u s c o ru m .  
G e n e r a  of  the a rea  are numbered ,  and,  in o rd e r  
to facilitate the seeking,  these generic n u m b e rs  
occur  ( together with the title and the family 
nam e)  as column (page) titles. Afte r  a s lash 
following this num ber ,  an intrageneric paging 
is int roduced.  T h e  main advantage  with the se  
gener ic  numbers  is probably  that keys can be 
comple ted  with references  independen t  o f  the  
defini te paging o f  the book.

All descript ions have references to i l lustra
tions.  Unfor tunate ly ,  in some cases  the w orks  
referred to (such as W.  J. H o o k e r ’s M usc i  
Exotici  and Wilson & J. D .  H o o k e r ’s M usc i  
Antarc t ici  are so rare tha t  they generally are 
absen t  even  from the shelves of  the working 
library of  the specialis ts . The  86 au then tic  
drawings by Cel ia Rosser  are very beautiful and  
il lustrative.  T h e  interest ing technique of  drawing 
which  also involves the use of  pho tography ,  
is descr ibed in the int roductory  chapters .  But 
could not  some o f  the plates of  species with  a 
worldwide distr ibution and  o f  which there are 
plenty of  il lustrat ions in easily available h a n d 
books ,  such as C eratodon  purpureus  and 
H edw ig ia  ciliata, have been  replaced by d r a w 
ings o f  species charac te r i s t ic  for  the area?

T h e  bibl iography which ,  toge ther with a 
glossary o f  te rms and the index of  names ,  
f inishes the volume,  forms with the added  
com m en ts  a very  valuable source  o f  li terature 
about  Austral ian  mosses .  H e r z o g ’s G eograph ie  
der  M oose  from 1926 is missing. A reference 
to it could have been  a complement to the 
short  chapter  of  plant geographical relat ion
ships given in the in t roducto ry  part.  H erzog  
devo tes  about  ten pages to the Austral ian  and 
Austral ian-Antarct ic  f lora areas.

A cadem ic  Press  has c rea ted  a magnificent  
volume with exce llent  print and reproduct ion 
o f  drawings .  A beautiful coloured  picture of  
H ypnodendron  co m o su m  in troduces  the book 
and decora tes  also the loose ,  protec t ing wrapper.  
O n  the green end-papers  we find a contour  
map of  Austral ia ,  including terr i tory borders 
and abbreviat ions o f  te rr i tory names .  The  
relevan t  area  o f  S outhern  Aus tral ia  is dotted.  
Perhaps  the ant ipodal  rev iewer  is ungrateful 
when  he says tha t  he had preferred an ordinary,  
more  complete  map,  instead.
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T h e  binding in pale green cloth is excellent  
with intact,  s t i tched signatures (the te rr ible 
m a nne r  o f  cutt ing the back of  ” long- last ing" 
books cannot  be condem ned  enough!)  Printing 
er rors  and inadver tences  are rare (for instance ,  
the  " i "  in the epithet  o f  Bartramia halleriana  
has been d ropped ,  and the con tour pic ture o f  
the B u xb a u m ia  capsule on the end-pages is not 
convincing.

The m o ss e s  o f  Southern  Australia  will be a 
very useful and valuable source for everybody  
who asks  for  information about  not  only the 
relevant  title but also o f  Austral ia  in its ent ire ty.  
As  a pioneering work,  the book will s t imulate  
and accelera te  the future research of  Austral ian  
mosses .

Olle M år tensson

Herk lo ts ,  G .  1976: Flowering tropical clim bers.  
194 pp. ,  270 line drawings,  16 colour plates.  
Wm. D a w so n  & Sons Ltd . ,  Folkes tone ,  Kent .  
Price £ 17.50.

T h e  present  volume in large format is a very  
at tract ive presen ta t ion of  cl imbers in a n u m b e r  
o f  families which are arranged alphabetically.  
A n  int roduction dem onst ra tes ,  among o the r  
things, that  the various types of  tendri ls  c o r r e 
spond to leaf  tips, leaf pet ioles,  midrib e x 
tensions,  terminal  leaflets, s tipules, f lower  
peduncles  and  lateral branches .  Within each  
family one or  more genera  are p resented  and 
exemplified by il lustrat ions o f  species,  showing 
leaves and inflorescences.

Climbers  are found in many families, and 
even  in som e monocoty ledons ,  such as in 
A ls troemer iaceae  ( treated under  Amaryll i-  
daceae) and Philesiaceae.  Families such  as 
Aristolochiaceae,  Bignoniaceae,  Convo l -  
vulaceae,  Legum inosae  and Passi f loraceae are 
well represented  and the reader  will also find 
cl imbers in Compositae:  within the genera  
H idalgoa, M utisia  (a most  spec tacula r  genus) ,  
and even in Senecio  some o f  which h ave  
pronouncedly  H edera- like leaves. It should be 
stressed that the book concen tra te s  on g roups  
with more or  less showy or  consp icuous  
f lowers or  inflorescences, while those with 
inconspicuous f lowers are pract ical ly lacking

(Dioscoreaceae ,  Smilaceae,  P iperaceae ,  Meni- 
spermaceae) .  T h u s  it directs  itself chiefly to a 
broad  public, including gardeners  and  garden- 
lovers.  But it is also o f  great interest  to 
scientific botanists and bo tany  teachers  as a 
source of  exemplif icat ion o f  life forms and 
specializations for  climbing.

Rolf  Dahlgren

N o o teb o o m ,  H. P. 1975: Revision o f  the 
Sym p lo ca c ea e  o f  the O ld  World. N e w  Caledonia  
excep ted .  352 pp. ,  21 plates, 5 phot .  Leiden  
Botanical Series 1. Le iden  Univers i ty  Press.  
ISBN 90-6021-242-8. Price Dfl. 93.60 (paper 
back).

A new botanical  periodical has  been  given out 
by the Leiden Univers i ty  Press.  In this series 
will be published papers o f  monographic  nature 
from the entire field of  bo tany  which because  
of  their length (100 pr in ted  pages or  more)  
are unsuitable for  publication in journals .

T h e  paper and  print  are fine. Pho tographs  
are reproduced  excellently.  One  would  have 
expec ted  that  the text had been printed in two 
columns,  but  this is o f  cou rse  a ma tte r  o f  taste.

T h e  first volume o f  the series contains  a 
monograph of  the Old-World -spec ies  o f  the 
genus  S ym p lo co s  by FI. P. N o o teb o o m .  The  
monograph follows the normal  pat te rn  of  a 
modern  taxonomic  study.  It is interest ing to 
notice tha t  the keys were  made with computer-  
aid, in such  a way tha t  af te r  cons truc t ing  the 
overall key the changing o f  one  card  was  
sufficient for  cons truc t ing  keys  for the separate 
countries.

T h e  species concep t  is broad,  num erous  taxa 
have been reduced to synonymy,  o f  500 
described Old-Wor ld-spec ies  only 90 are left; 
21 new species are proposed .

T h e  work  has not  been an easy one,  which 
is best  seen by the t rea tm en t  o f  Sym plocos  
coch inch inenses  with more  than 100 synonyms;  
now it is subdivided into 3 subspecies ,  one of  
which is again subdivided into 34 varieties .  
I do not  think that  this t r ea tm en t  will s tand  for 
a long t ime.  O n  page 153 the a u tho r  has a 
" t o p o d e m e  ’m o ro b e n s is ’ ” . It ought  to have 
been descr ibed as a variety or left o u t  and
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mentioned in a special note  as a possible local 
variation.  T h e re  are some peculiarities  in his 
way  o f  quoting specimens  -  the promised list 
o f  specimens  studied should have been included 
in the work.  It is ju s t  as impor tan t  as all the 
local keys. The  drawings are general ly good, 
but  it would have been easier  if they  had 
been included in the  text.

Apar t  from this there is every  reason for 
thanking D r  N o o te b o o m  for giving us this 
monograph of  a very  difficult group.

Kai Larsen

Smitinand,  T .  & Larsen ,  K.  (eds.) 1970-1975: 
Flora o f  Thailand. Vol. II. Par ts  1-3. 280 pp. 
Applied  scientific research  corporat ion o f  T h a i 
land. Printed at the A S R C T  Press,  Bangkok.  
Price U S  $ 2 . 5 0 + 3 . 0 0 + 7 . 0 0  (paperback).  -  
Address  for  subscript ions:  Tha i  N ational  D o c u 
mentat ion Cent re ,  Applied Scientific Research  
Corpora t ion  of  Thai land ,  196 Phahonyoth in  
Road,  Bangkok 9, Thai land.

T h e  “ F lora  o f  T ha i land”  is intended to be the 
first complete  t rea tm ent of  the vascula r  plants 
in Thai land.  T h e  F lo ra  provides descr ipt ions  of  
families, genera and species.  F o r  each species 
the general  distribution as well as the dis tr ibu
tion in Thai land are given. Clear  and legible 
keys  are provided  to genera and species.  
Species suspected  to occur  in Thai land  al though 
not  yet  recorded  are often included in the keys. 
N o  collect ions are cited. A key to families is 
intended to be published in volume I.

Volume II is the only volume to appea r  so 
far. It has been published as three  separate 
paperback  parts with cont inuous  pagination, 
compris ing 92, 104 and 84 pages,  respectively.  
T h e  number  of  families in the three parts  is 
6, 23 and 8, respectively.  T h e  largest families 
t rea ted  are R osaceae  (inch Chrysobalanaceae)  
(by J .  E. Vidal ,  61 species) ,  Smilacaceae (by 
T.  K oyama,  c. 27 species) , T he a c e a e  (by
H. Keng,  21 species) , Icac inaceae  (exkl. Cardi- 
opteris)  (by H. Sleumer,  18 species) , Conna-  
raceae (by J. E. Vidal ,  c. 16 species) , Magno-  
liaceae (by H. Keng,  c. 16 species) , and  
Dil leniaceae (excl. Sa u ra u ia ) (by R. D.  Hoog- 
land, 15 species).  T e n  o f  the 37 families t rea ted

hitherto are rep resen ted  in Thai land  by one  
single species each.

T h e  sequence  in which the families are t r ea ted  
appears  to be quite at r andom ,  tha t  is, a p p a r 
ently the cont r ibutions have been  accep ted  as 
manuscrip ts  have  becom e  ready  for publicat ion.  
Th is ,  o f  course ,  inevitably has as a c o n s e 
quence  tha t  closely related families m ay  be 
placed far  apar t  while families with no aff ini
ties at all may be found together.  T h u s ,  for  
example,  the m onoco ty ledonous  family A pos ta -  
s iaceae is found be tween  the d ic o ty ledonous  
families C o n n a rac eae  and Actin idiaceae .  T h e  
gym nosperm ous  families C y cad a ceae ,  P inaceae ,  
C epha lo taxaceae ,  C u pres saceae ,  Pod o ca rp ac eae  
and G n e tac eae  are g rouped  toge ther,  but  the 
group is su rrounded by ang iosperm ous  families.

W h e th e r  or  not the families should be a r 
ranged in a systematic o rder  is, o f  course ,  largely 
a pract ical  ques t ion .  F ro m  a scientific point 
of  view a systematic a r rangem ent  is preferable.  
C om par ison  o f  related groups  is faci litated if 
the groups are found near  each  other .  A n  
advantage  of  the prac t ice in the p resen t  F lo ra  
is tha t  families can be published as soon as a 
num ber  of  m anuscr ip ts  are finished.  Publicat ion 
o f  a  family does  not  have to await  the com ple 
tion of  manuscr ip ts  on rela ted families.  Small 
and unrela ted  families can be g rouped and 
published together.  O n  the back cover  o f  part  
th ree  of  the present  volume there is an index 
to the families t rea ted  so far, giving volume,  
part and page number .  It would be practical 
to publish in forthcoming volumes or  parts 
the reo f  en larged and  com ple ted  indices to the 
families t rea ted  so far.

T h e  volume published hi therto is relatively 
richly il lustrated.  T h e  drawings  have generally 
been satisfactorily reproduced .  T h e  quality of  
the black-and-whi te pic ture rep roduced  in part 
two insignificantly exceeds  that  o f  pictures in 
daily newspapers .

Volume I is in preparat ion.  Besides a key to 
the families it is in tended to include a general 
survey o f  the soils and plant geography of  the 
count ry ,  an account  o f  the botanical  explorat ion 
and l i terature on Tha i  plant life, and an expla
nation of  botanical  te rm s  used.

Start ing a F lo ra  o f  this kind is a big project 
that  will ex tend  over  m any  years  and require a 
large num ber  of  special is ts .  One o f  the editors,  
P rofessor  Kai Larsen ,  has spent  about  three
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a n d  a  ha l f  years  of  field work in Thai land and 
has; co l lec ted  c. 20,000 numbers.  H e  has 
woirked up  som e of the minor families in 
v o l u m e  II. His solid knowledge on the floristic 
r e g io n s  in this part  o f  the world will un 
d o u b te d ly  result in preparat ions o f  many 
fami l i es  in for thcoming volumes. Professor  
L a r s e n  and  his collaborators  are to be con 
g ra tu la ted  upon  the initiation of  this big project 
a n d  its promising start.

U n o  El iasson

G r u m m a n n ,  V. ( t)  1974: Biographisch-biblio
g ra p h isch es  H andbuch  der L icheno log ie . N ach  
denn T o d e  des Verfassers  für  die Herausgabe  
d u rc h g e s e h e n  von O sca r  Klement.  IX +839  pp. 
43 plates. J.  C ram er ,  Lehre.  ISBN 3 80 67 
0358 2. Price D M  250:-  (linen).

D r  V i tu s G r u m m a n n ,  Berlin (1899-1967) was well 
know n  as a l ichenologist,  especially for  his 
C ata log  us L ich e n u m  G erm aniae  (1963, cf. 
rev iew  in Bot. N o tiser  117 (1964) p. 104) 
and  a major  work on the teratology of  lichens 
(1941). D ur ing  the last two decades  o f  his life 
he col lec ted material for  a world-wide manual 
o f  biographies and bibl iographies o f  past and 
presen t  lichenologists.

A f te r  G r u m m a n n ’s death his extensive m anu
script was  taken  over  by Dr O. Klement  
(K reu tz tha l-Eisenbach ,  W G ermany) .  S om e
t imes,  though to a limited extent ,  later data  
have been  included,  but  the information does 
not claim to be up to date after 1967. Hence  
a cons iderable  num ber  of  young lichenologists 
who started their ca reer  after that year  have 
been omitted.  Lichenologists  in part icular  and 
botanists interested in biography and history 
in general are greatly indebted to D r  Klement  
and to the publisher  who have solved the not  
so easy task of  arranging this enormous  material 
to form a publicat ion o f  reasonable size.

No less than 3,865 authors  from 40 countries 
have been recorded in this comprehensive  
volume. U n d e r  each entry we find important 
biographical data,  including education and 
positions held, and a selected list o f  licheno- 
logical publications.  As some authors ,  for 
instance N y lande r  and M agnusson ,  published

hundreds  of  papers it has not been possible to 
cite all of  them. In such cases further  informa
tion can be found in, e.g. bibliographical works 
by Lindau & Sydow (covering the period up to 
1910) and Ciferri (1911-1930), in obituaries 
which often contain lists o f  publicat ions, or  in 
the survey  o f  lichenological li terature published 
by W. L. Culberson  (from 1951 on) in The 
Bryologist.

T h e  arrangem ent  of the material is somewhat  
unconvent iona l .  T h e  authors  are grouped 
according to the count ries  where they were 
born,  not the countries  w here  they spent most  
o f  their act ive life. The  countries  are arranged 
according to the num ber  o f  au thors recorded,  
star t ing with G e rm a n y  and  the U .S .A .  and 
ending with the Phil ippines (only one au thor 
cited). Within each count ry  we meet  with 
three  groups: (A) lichen taxonomists ,  (B) 
au thors  o f  works  with a general botanical  scope 
where lichens have been mentioned to some 
ex ten t  (not the least publicat ions on plant 
ecology),  and (C) authors  of  works  dealing 
mainly with chemis try ,  pharmacology or  
econom y.  T h es e  subdivisions are obviously 
more  or  less arbitrary.

Some odd chap ters  could well have been 
omitted,  e.g. a “ G edenk -  und F e s tk a len d e r” 
listing the bir thdays (and deaths)  of  all authors  
recorded  and a report  (with photographs)  on 
the present  condit ion of  the tombs o f  some great 
l ichenologists .

T he  work  concludes  with a selection of  
portrai ts  o f  295 l ichenologists  mostly with their 
autographs.  In  some cases  these can be difficult 
to read.  An interpretat ion is given by K. 
Mägdefrau  in Herzogin  4 (1976) p. 83. G rum -  
m a n r f s  collect ion of  portrai ts  is now in the 
H un t  Botanical Library in Pittsburgh.

T h e  critical reader  can easily find a number  
o f  misprints and shortcomings in G r u m m a n n ’s 
manual .  W e should bear  in mind,  however ,  
that  this is a pos thum ous  work.  In actual fact 
it is an indispensable mine of  information for 
everyone  interes ted  in personalia,  and it has 
few, if any,  counterpar ts  in o ther  fields of  
botany.

O ve  Almborn
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Brown,  D. H .,  H aw k sw o r th ,  D.  L. & Bailey, 
R. H.  (eds.) 1976: L icheno logy . Progress and  
problem s.  Proceed ings  of  an International  
Sympos ium held at  the Univers i ty  of Bristol. 
T h e  Sys temat ics Associat ion ,  Special  Volume 
N o .  8. X I I + 544  pp.  20 plates. N u m e ro u s  
f igures,  tables and maps  in text.  Academic  
Press,  London ,  N e w  Y o rk  and San Francisco .  
ISBN 0 12 136750 9. Price £ 19.- (cloth).

F ew  subjects  in scientific research  have made 
such rapid progress in the last decade as that 
o f  l ichenology.  M an y  new and challenging 
problems have been  recognized and modern 
techniques  have been applied to topics already 
under  investigat ion.

T h e  last few years  have seen several surveys  
o f  recent  act ivit ies  in l ichenology,  e. g. Hale,  
The biology o f  lichens  (1974), reviewed in Bot. 
N otiser  127 (1974) p. 456, Ahmadj ian  & Hale,  
The lichens  (1973) and H enssen  & Jahns ,  
Lichenes  (1974), bo th  rev iewed 1. c. (1975) 
p. 275.

T h e  presen t  vo lum e reflects the proceedings 
of  a symposium sponsored  joint ly by The  
Systematics  Associa t ion  and the British Lichen 
Society and held at  the Univers i ty  of  Bristol 
in April 1974. It covers  some fields surveyed  
in the works quoted  above ,  e. g. growth,  
developmenta l  morphology ,  chem otaxonom y,  
metabolism and lichen symbiosis  compared  
with o ther  symbioses .  O n  the o the r  hand,  we 
meet  with some topics  which are quite new 
or  have not  been rev iewed for  several  years.

A m ong  contr ibu tions  to this last group the 
rev iewer  would especial ly mention the following 
articles.  Hale,  “ Lichen s tructure viewed with 
the scanning elect ron m ic roscope”  (this 
technique has revealed new, previously u n 
suspected ,  s truc tures,  e.g. a pored  epicortical 
layer in some genera ,  charac te rs  which certainly 
will prove to be im por tan t  in taxonomy) ,  Jam es  
& H enssen ,  “ T h e  morphological and  taxonomic  
significance o f  cepha lod ia”  (with new and 
most  interest ing aspec ts  o f  “D endr iscocau lon” , 
a classical problem in l ichenology), Tscherm ak-  
W oess ,  “ Algal taxonom y  and the taxonom y 
of  l i chens” , T sch e rm ak -W o ess  & Poelt ,  
“ Vesdaea,  a peculiar  lichen genus and its 
phycob ion t” (a monotypic  genus,  the single 
species previously known as P achyascus  
byssaceus,  the phycobiont  found to be Leptosira

obova ta ,  a species hi therto unknow n in th e  
l ichenized state).

Some topics  not  t rea ted  by Ahmadj ian  & 
Hale,  e.g. geographical  distr ibution,  have  been 
dealt  with here ,  for  instance  Coppins ,  “ Dis t r i 
bution pat terns  shown by  epiphytic l ichens in 
the British I s le s” , and Seaw ard ,  “ Per fo rm ance  
o f L eca n o ra  muralis  in an urban  e n v i ro n m e n t . ”

This  well-organized volume is a valuable 
stimulus to fu ture research  and an impor tan t  
reference  work  not only for l ichenologists 
but also for many  mycologists ,  phycologists ,  
plant physiologists  and ecologists .

O ve  Alm born

Smith,  A.  L. 1975: L ichens.  Reprint with new  
in troduc tory matter  and supp lem en ta ry  index 
by D .  L. H aw k sw o r th .  XI +  X XVI +  464 + IV 
pp. 135 f igures in text.  T h e  Richmond P u b 
lishing C o . ,  Richmond.  IS B N  85546 192 6. Price 
£ 11.50 (cloth).

Annie Lorrain  Smith (1854-1937) was  for  many 
years  an unofficial w orker  in the Cryp togamic  
H erba r ium  o f  the British M u se u m  (Natural  
His tory) in London .  She published several  
works  on the taxonom y o f  l ichens, e.g. A 
m onograph  o f  British lichens 1-2 (1918, 1926), 
and  A h a ndbook  o f  British lichens  (1921). T h e  
latter is a condensed  f lora compr is ing keys to 
the British species.

In 1921 she published a major work  called 
Lichens  cover ing most  a spec t s  o f  l ichenology.  
The  diversi ty o f  its conten ts  is ref lected in the 
headings o f  its ten chap ters :  His to ry  o f  l ichen
ology,  C on ten ts  o f  the lichen thallus, M orpho l
ogy,  Reproduct ion ,  Physio logy,  Bionomics,  
Phylogeny,  Sys tematic ,  Ecology,  Economic  
and technical.

Fif ty years ago this work  was  rightly cons id 
ered as “ a veritable mine of  w e a l th ” (review 
from 1922). Afte r  the dramatic  upsurge of  
interest in lichens,  in par t i cu la r  during the last 
two decades ,  and the co r respond ing  increase 
of  com prehens ive  l i terature on this subject  
(cf. rev iew above),  L ich e n s  has becom e  a rather  
out-of-date manual.  A dmit ted ly ,  it is an inter
esting historic docum ent .  T h e  detailed account  
o f  the his tory of  l ichenology and the rich
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bibliography,  especial ly concerning early l i tera
ture,  will remain useful to many s tudents .  
Never the less  the rev iewer  would quest ion the 
need fo r  a repr in t  o f  this book.

Dr D. L. H aw k sw o r th ,  Kew, has wri t ten 
a foreword and added a useful list o f  l i terature 
references covering  the last five decades.  H e  is 
also respons ib le  for  a “ Supplementary  i n d e x ” 
providing the current ly  accepted  names of  l ichen 
genera and species  in the many cases where  
these differ from the names  employed  in 
L ichens.

O v e  Alm born

H eyw ood ,  V. H.  (ed.) 1976: Botanical s y s te m 
atics. An occasional  series o f  monographs .  Vol.
1. Academic  Press,  London ,  N e w  Y ork ,  San 
Francisco.  IS B N  0-12-346901-5. Price £ 24.- .  
Conta ins  the following two major works.

Hanks ,  S. L .  & Fairbro thers ,  D.  E.: Paly-  
no taxonom ic  investigation o f  Fagus L. a nd  
N o th o fa g u s  B l.:  L igh t m icroscopy, scann ing  
electron m icroscopy, and  com puter  ana lyses
(pp. 1—142).

Polhill, R. M.: G enisteae (Adans.)  Benth . a nd  
related tribes (L egum inosae)  (pp. 143-368).

B otanical sys tem a tics  is a new series of  pub lica 
tions due to appear  at irregular intervals.  
According  to the edi tor  “ it will publish papers  
. . .  considered to be o f  especial  meri t” . T h e  
format is convenien t  and both paper and ty p o g 
raphy are at tract ive.  M o reover  the quality of  
the illustrations is very high. T h e  editor  is to be 
congratulated on the first volume of this series.

The  first paper,  by S. L. H anks  & D. E. 
Fai rbro thers,  is an interesting presentat ion  o f  a 
biometric  and morphological s tudy of  41 species 
o f  Fagus  and N otho fagus .  T h e re  are four pollen 
types in these genera,  all rep resen ted  in the 
material studied.  The  charac te rs  of  the pollen 
grains were used with the help o f  a com p u te r  
to construct  a diagnostic key to the species and 
to construct  a dendrogram based  on similarity 
coefficients. In combination with o ther  data,  
morphological ,  anatomical ,  cytoiogical and 
paleobotanical ,  it was possible to outl ine 
probable phylogenetic  relationships and the past 
history of the genera.  T h e  modus operandi  is 
very interesting and methods  such as these will

probably  be increasingly used in future invest iga
tions.  T h e  subject ive element in a s tudy of  this 
type is reduced to a minimum.

T h e  second paper,  by R.  Polhill,  is o f  pa r 
t icular  interest  to fabologists  all over  the world.  
It rep resen ts  a thorough study o f  all the genera 
referred to the tribe ‘G e n i s t e a e ’ in the broad 
sense.  T h e  study includes the morphology  o f  the 
vegetat ive and  floral parts ,  as would be e x 
pec ted ,  but  also a num ber  o f  unconvent ional  
charac te rs  which refer to the seeds  and ch ro m o 
some num bers  as well as chemical  cons t i tuents .  
It is an ex t raord inary  ach ievem ent and will 
certainly be looked upon  as a model  for  similar 
revisions of  o ther  tr ibes of  the c. 13,000 species 
of  Leguminosae  when this huge family is dis
cussed  ät a conference at K ew  in 1977. The  
present  large-scope survey  stands  in sharp 
cont ra s t  to the rather  inconsistent  previous  t rea t 
ments o f  many genera of  ‘G e n i s t e a e ’. Because  
o f  the ex ten t  of  the survey  it is possible for  
D r  Polhill to give an unbiased and sound ju d g e 
ment on circumscrip t ions o f  genera  and of  
probable  relationships and groupings  of  this pa r t 
ly he terogeneous  group.  The  num e rous  excellent  
il lustrat ions make it easy for the reader  to 
visualize the appea rance  and  variat ion of  the 
genera.  In the concluding chap te r  the accepted  
genera are presented according to a partly new 
system. T h e y  prove to be divisible into four 
natural  tr ibes: Bossiaeae (10 genera) ,  Liparieae 
(5 genera) ,  Crota lar ieae (16 genera)  and G e n i s 
teae s. str. (14 genera).  Especia l ly thorough are 
the revisions of  the formerly very  split genera  
Cytisus  and Genista  (the later  now including 
C ham aespartium , Teline and E chinospartum ,  
for  example) .  Hav ing  worked  a grea t  deal on the 
South African genera ,  1 am personally  very 
satisfied to see the present  tribal division which 
gives a sound phytogeographical  basis: Bos
siaeae entirely Austral ian;  Liparieae entirely 
South African;  Crota la r ieae  mostly African,  
especially South African (but reaching to the 
M edit e r ranean  and even  to India and Australia;  
two genera  in South  Amer ica)  and G enis teae  
chiefly Medite rranean .  I wish to recom mend 
this book on the ‘G e n i s t e a e ’ not  only to those 
who are interested in the legumes as such,  but 
to anyone  who wishes  to m a ke  an intensive 
s tudy o f  a normal-sized family or  a subfamily 
of  a larger family without  aiming at making a 
revision at species level. Inde.ed such a study
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shows w he re  the latter type of  revision is best 
needed .

Rolf  D ahlgren

Brenan ,  J.  P. M .,  Ross,  R. & Williams,  J. T. 
(eds.)  1975: C om puters  in botanical co llec t ions. 
X +  216 pp.  Plenum Press,  London and N e w  
Y ork .  IS B N  0-306-30847-9. Price $ 30.-.

This  b o o k  comprises  the papers  read at an 
international  conference discussing the use of  
E .D .P .  m e thods  in handling taxonomic  plant 
collec t ions  in European  Herbar ia  (numerical 
t a x o n o m y  was  not included).  T he  conference 
w as  held at Kew in O c to b e r  1973. A brief  
resum é was  published in N o v e m b e r  1973 in 
N a tu re  246  p. 62, and a longer article with 
abs t rac ts  o f  the papers in Taxon 23 pp.  101-107 
(Feb ru a ry  1974), so the book  presen ts  no 
surpr ises  to the public. Still I think it will 
p rove  o f  g rea t  use to the undoubtedly  many 
persons  who are wonder ing w hether  E .D.P .  
would he lp  them in handling large collect ions.

T h e  papers  do not p resuppose  any particular

know ledge  o f  E .D.P .  T h e y  give exam ples  o f  the 
use o f  E .D.P .  in f lora projects ,  for botanical  
ga rdens  and o ther  living collect ions and for  
making  distr ibution maps ,  while o ther  papers  
d iscuss  international  s tandardizat ions .  The  
repor ts  of  the discuss ions that followed the 
lectures  are not  the least valuable,  as they  d raw 
a t ten tion  to,  for example ,  the difficulties and the 
cos t  in money  or  man power ,  and  draw 
com par isons  with what  has been achieved  by 
us ing com puters .

E v e n  at the end of  the conference  several  
o f  the  par t icipants  had retained the hope  that  it 
would  be possible within a reasonable span of  
years  to have coded  the information from the 
labels  o f  all the shee ts  in the impor tant  European  
H erbar ia .  T w o  years later  I do no t  think anyone 
cons iders  this thought to  be realistic.  Only to 
se t  up  an international  type  register ,  as was 
r e c o m m e n d e d  by the conference ,  might create 
too  m any  problem s in spite of  its usefulness.  
T h e  advan tage  o f  com p u te r  methods  probably 
mainly applies to limited projects  with less 
than  50,000 specimens .

K n u d  Rahn


